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Compact Muon Solenoid

2 H.Sakulin/ CERN PH
e

MUON BARREL CALORIMETERS
82ftTgbe o) ECAL Scintillating It-)lCAL Scingllat?‘r 0 General purpose detECtor
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) =\ i) | at the LHC
=t fRessivepiae ||/ —
— IRON m 55 million readout
YOKE
E channels
A 1 Event size of 1MB
SUPER ~ N
coL * \ -
TRACKERS oy m Proton physics

1 At 7 TeVin 2010/11
1 At8TeVin 2012

= N i MUO
Pixels ENDCAPS m Heavy lon physics
Silicon Microstrips Cathode Strip Chambers (CSC)

Resistive Plate Chambers (RPC) 1 In 2010 & 2011
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Two-level trigger concept N

6 LHC Vs=14TeV L=10%cm’s’ Event Rate
barn
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f— bb

Lv1
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........... ASynChrOnOuSTriggerS L

First Level 100 kHz*

High Level
Trigger (HLT) |

S

Rate on tape KHz
few 100 Hz *

nb HLT

)

pb

ns us ms sec hour year
53 |UU !UU gUU wﬂﬂ !UUU ‘0'9 10 107 100 10° 10° sec

jet Er or particle mass (GeV)
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CMS DAQ requirements B

GRoRe,
2 IS 40 MHz
Ye{
Le.V€| 1 > Detector Front-Ends ~700
Trigger T | | | | | | [
J(— ] 1 ] 1 1 1 Readout 100 kHz
T Systems 100 GB/s
i > , ‘
i Event b Control
> Builder Network and
Manager Monitor
. i i i i i i Filter
Systems 10000’s cores
1 I I I I I I [
Computing Services 100’s Hz

Read out 700 detector front-ends (max. average fragment size 2 kB)
Build complete events at 100 kHz ( L1 trigger rate)

Make them available to a filter farm of O(10000) cores

Store 100’s of Hz to disk (10’s of TB/day)

Scalable system employing commercial components wherever possible
Proprietary / Commercial: Front-Ends, VME, PCI, PC servers, networks, Protocols, OS
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CMS two-stage event builder

E ‘ I I 1 Timing, Trigger and Control (TTC) front-end distribution system
1 GTP _[:J [,J FED [}] “ f Detector Front-End Drivers ( FED x ~700 )
§ 1 Ki;:'i‘ Trigger Throttle System (TTS). Fast Merging Module{FMM)
p LIE-—{l= [ Front-end Readout Links
L
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‘?Ll__' ? || |l
l b Control&Services Network ] N

&

Scale readout bandwidth: No. DAQ systems (1 to 8 x 12.5 kHz) 4

DAQ Slice 1 DAQ Slice 2 DAQ Slice 8
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CMS two-stage event builder

Disk pool
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Event Storage e [ N D g L Sl
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DAQ Slice 1 DAQ Slice 2

Scale readout bandwidth: No. DAQ systems (1 to 8 x 12.5 kHz)

DAQ Slice 8

Commercial hardware
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CMS two-stage event builder

E ‘ I I 1 Timing, Trigger and Control (TTC) front-end distribution system
1 GTP _[:J [,J FED [}] “ f Detector Front-End Drivers ( FED x ~700 )
§ 1 Ki;:'i‘ Trigger Throttle System (TTS). Fast Merging Module{FMM)
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Scale readout bandwidth: No. DAQ systems (1 to 8 x 12.5 kHz) 4

DAQ Slice 1 DAQ Slice 2 DAQ Slice 8
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CMS two-stage event builder

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

Custom IIEA

80

Is,gli_ll_l_llj_l LI’"T RUICIC I

80x158 . . ! \ )
Storage —l P [N _I_J_‘Jf iv.ﬁiJﬁ .*L‘v
Manager Egtﬂj lit]g s 0 | sl L] [
‘?“1_" 12.5 kHz ? — — — ! —

Disk pool —
|1 | | R

1 | l_‘J‘ ’j Detector Front-End Drivers ( FED x ~700 )
HE == R ——
4 rigger Throttle System (TTS). Fast Merging Module(FMM)
5 N HT [] B
1| Trigger Throttling System

O | Loss-less DAQ always builds complete events

UL back-pressure in case of congestion
t><ISFB1 EﬁZ %3 Ejao
[TTTTT FEITTTT T

EVM [& |><1 Readout Builder 1 EVM ‘—' P Readout Builder 2 | EVM & P Readout Builder 8 |-

l b Control&Services Network

¢ Surface Counting room

&

Scale readout bandwidth: No. DAQ systems (1 to 8 x 12.5 kHz)

DAQ Slice 1 DAQ Slice 2 DAQ Slice 8

Commercial hardware
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CMS two-stage event builder
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Scale readout bandwidth: No. DAQ systems (1 to 8 x 12.5 kHz)
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Installed hardware '

1

Custom compact PCI Modules
— « 512 Frontend Readout Links
s—1 « 60 Fast merging modules (trigger throttling)
1|l Myrinet Switches
« 12 clos-256 enclosures
« 1536 2.5 Gb/s links underground to surface
« “Readout Unit” PC nodes
* 640 times dual 4-core E5130 (2007)
« Each node has 3 links to GbE switch
* Gbe Switches
« 8times F10 E1200 routers
* In total ~4000 ports (1 Gb/s)
« Event builder—output + HLT nodes (“BU-FU”)
« Currently ~13000 cores, 26 TB RAM
« Extensible — see later
- Storage Manager
« 16 PCs
« Storage Area Network (NexSan SataBeasts ), 300 TB
e 2.1 GB/s write speed (2.6 GB/s w/o TierO-Transfers)
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CMS DAQ Software

Run Control System — Java, Web Technologies ~ GUI in a web browser
Defines the control structure /' HTML, CSS, JavaScript, AJAX

]

Run Control Web Application —
Apache Tomcat Servlet Container
Java Server Pages, Tag Libraries,
Web Services (WSDL, Axis, SOAP)

Function Manager L
‘ Node in the Run Control Tree

defines a State Machine & parameters
User function managers dynamically
loaded into the web application

~20000 applications to control

@ XDAQ Application


http://xdaq.web.cern.ch/xdaq/Software/file.asp?sCategory=Core%20Framework&sFamily=&sPackage=XDAQ%20core&sFile=XDAQ%20core2.0.tgz
http://xdaq.web.cern.ch/xdaq/Software/file.asp?sCategory=Core%20Framework&sFamily=&sPackage=XDAQ%20core&sFile=XDAQ%20core2.0.tgz
http://xdaq.web.cern.ch/xdaq/Software/file.asp?sCategory=Core%20Framework&sFamily=&sPackage=XDAQ%20core&sFile=XDAQ%20core2.0.tgz
http://xdaq.web.cern.ch/xdaq/Software/file.asp?sCategory=Core%20Framework&sFamily=&sPackage=XDAQ%20core&sFile=XDAQ%20core2.0.tgz
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Top level control Web - GUI

GUI is a web-page

Top level is Global state machine, aware of LHC states, eg stable beams
Trigger configuration and clock source (LHC/local)

Control of individual sub-systems for fast recovery

Cross-checks and warnings to help the DAQ shifter

St Tatin RCMomnr | FEDATTS | MK | ok | s | hetresn

DCS/LMC flag state  force Configuration

PHYSICS DECLARED [FROM DCS - S0
UG RAMPING -W Seg Name GLOBAL-AUN

" Giobsl Xey GLOBAL CONFIGURBATION MASCMS: "
';’MU" s | Spocial Caslr_noldc B2 ) : g l'w', s NG

1 20100 U 19

MG mactine mode PROTON PHYSICS L1 Trigger Key from _vor”yey WS oo . B4
NC cock stable  falsoForCMS Clock source MC - "
Nexd clock sowrce  LOCAL I - MNCEG Kay Cmaseq 1O0GIRIUN_ 200040 ml s I00GZED BSLY 5dd S4BUIMIU 20SMO

Currort cloce m— Lavel0 Acton Task s crrTciotmd

Laveid Error
CNMS is configured with LHC clock but LHC clock stability is no longer / not yet guaranieed.
NEED TO RE-CONFIGURE ALL OF CMS WITH LOCAL CLOCK.

Subsystem ECAL ES HCAL LU

St Funnng

Tee N I

EnmblecSiices

Run Koy Goess §) [ WO HeGe ) (2] K -
seiocl : seroc 3 sooct swocd 3

Commanacer - -~ - e -




-
[ ] [ ]
Monitoring

m  Monitoring tuples and
error messages

0 0O(2000) PCs
O 0O(20000) applications

m Collect and aggregate

O Hierarchy of collectors

0O Load balancing

O Latency ~seconds

m Access service for
O Error reporting GUI
O Visualization applications

0 DAQ Doctor (“expert system”)

Poster #139 / session 2: Distributed error and alarm
processing in the CMS data acquisition system
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The DAQ doctor

m Constantly analyzes
monitoring information

-

m Detects abnormal situations

Warns the shift crew with
Text & Audio alerts

Gives recovery instructions A > ——
Now also creates new DAQ e 5
configurations Flm s sl dCe) e

Dumps diagnostic info for

An extract of the DagDoctors Notes for the year ...

.
post—' ' l o rte ' I | a n a |ys | S Nt that not all subsystem errors are contained in this bist, For a full error st hrowse the archieve of the DogDoctort
AL Y castoR - et Dag - or T AL - o - [==; HEAL PEL SCAL - L= > Tracker
: ; : x = :
. . . . . '~ i : Itiakan
[} S s easeoow i B | Pt
I a g n OS I C I n O rl I l a I O n I S § . XEL i ¥, 3659, 40, 39, 6 6,36, 30,36, 4 50 W0, 1%, 14, 3, 90, B8, 06, 1, 29,69, 14,05, 5,0, 10, 80,74, 1,3, & (3,6 1
\ e [t Ralcing
eoent vacs & e gkt - tafcn

archived & categorized by
sub-system
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e
L |
System status display
01/05/11 Sun 02:43 | LHC: STABLE BEAMS | DAQ: Running, Run#163761 | EvSize 373.8 kB, Rate 27.321 kHz(9869.1 MB/s), DeadTime(AB) 0.572 % | #HLT 140730630, <Acc>27416.9Hz (100.0%), <CPU> 16.01%
Read Builders Monitors
Slke| Ruxdy km% Gajs|  sacc|srunam| CPUX | [Erabiea| Ape states
o] 9123|3352 1224 175905] 993/ 16118 ¥
1) 69x125| 3328 1223) 175913 1015/] 16083 % ::':::,:m 700 Front'end readOUt SUb-SyStemS
2| 69x124] 3340 1222] 175911] 1004/| 15843 [ing] Fush s
3] 69x126 3383 1228 llSﬁll 1026/ 15.138 re — -
l__&!:lll 3347|1221 175905] 1004/| 15896 | Ebed| Outa fiow & B0 500 X 4 Gb/S data Channels
5| 69x121] 3379] 1.221] 175911]  979/] 16600 | Enabled | Pmre0 [
6| 69x120] 3318 1222 175912] 960/ 16736 | [nabled| fauts
7] 69x125| 3358| 1.224] 175915| 1015/ 15658 > = o
Totals| $52x38] 26.775| 9782 140725] 79%6| 16.009  Application states m =
SStream  Nowents Rute(HD B (MB/3) - fstad i g s F]
Faurybveats Nok Q.000€+0 020 000 Rilied [ 00640 =
A 1a4E06 3128 50 o '::" o &
B miach
Wl timecounsienating 1 1 | | | | |
Bl crigirag [P SR LD T 8 P A ].[||||[|]J [||||J|[||||||.
[}
lostsynch 3 L =
— [ = - i y=
8x (80 X 158) DAQ systems =
—
-
~=-> Subsystem ERROR/FAULTY: TRG

L. FRL-=~ AlRMTS ~oeTTSeeee> Data to Surface
CRC 6P b sncwm sac busy ot disc Sub-System _FED_ AL 1N

Flash list summary FMM FED FRL EVM RU  BU miU SM
Touls 179] 4] 4ad] i

#inFlash 1279 628] 48|

#Erabled 779 62a| 440]
#MissegiOidTsame — o o 0
FushOus) 8| 3| 4| 31 4 4
Latencys), 4| 3| 2| 4 4 4

= 8 x 1600 cores HLT farms
= 16 x 20 Terabyte local mass storage

Sub-Sys MB/s Tot (kl) <lbﬂt$> Max#8 FED-ID Min#8
TRG___[1054_[39  [1338 [2040 [745  [a08
CSC__[2304 |108 |1230 [1889 |760 |1013
or 614 |23 390  |a7s_ [770 |49
ECAL 15045 |56.0 1061 1289 623 874

& 3420 |127 (338|708 554 1226
HCAL (9972|370 (1459|1740 714|977
WELUMI (4832 (180 (3071|3437 722 2916

PIXEL  |S180 (192 493 31 23 364
RPC 30 0.1 38 9 792 38

SCAL[335 |13 1296 (1296|735 1296
TRACKE |5522.5 (2053 |480 621 53 280
CASTOR| 1456 |54 1851 1960 1691 1736
Totals |10007 [372.1 |1087
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Data acquisition in operation

CMS 30/04/11  PROTON PHYSICS  DAQ state Run Number Lv1 rate Ev. <Size> kB DeadTime(AB) Acc. Hz (%) HLT <CPU>
Sat 18:04:30 STABLE BEAMS Running 163758 30.929 kHz 401.0 [224.8] 0.673 % 30991.1 (100.0%) 21.96
Data to Surface SM streams top by #ey Data Flow
Sub-System  State FRL FFD IN Stream No.Events  Rate (Hz) BnW (MB/s)
TRG Running 3[ 3 NanoDST| 25.985E+6 3003.71 5.79 fcdaq/physics/R-n2011/5e32/v8.3/HLT/V4
Csc ¢ 9] 9 ALCAPO| 9.281E+6]  1076.24 8.95| [#s[ 374 | Random ON
"DAQ g 0 o RPCMON|  7.323E+6 847.27 11.55 dabrolifydae Physics ON
DQM Running o o Al 2.720E+6 311.82 68.48) [ PreScaleinde: Pixel HV.ON CalibCyc ON
DT Running 6| 6| |ALCAPHISYM| 2.592E+6 313.51 1.36 [ 1/ | ey
ECAL unnin 54| 54| | Calibration| 827.060E+3 100.40 9.14| [ #1(GT)| 266915432 55 FEDCRC
ES unnig i i
S 39| 39| [ EcalCalibrati| 827.060E+3 100.40 2.91 (vl Rate | 30.929 kHz
HCAL lunging 26| 26 Express| 177.089E+3 19.51 3.86 S
a0 LIL] R
HFLUMI 6l 6 HLTMON| 24.976E+3 3.00 0.74 I FBl occ. %
= i . . Pending Lvl Max
PIXEL ; 40| 40| |OnlineErrors| 1.762E+3 0.27 048 2
S RPC i 3| 3| [ FaultyEvents| 0.000E+0 0.00 0.00 ﬂ Min 0
SC Jnning 1 1 Error|  0.000E+0 0.00 0.00| | #Frag.inRU FBO occ. %
\ Running 438|438 Max| 584 Max| 13
CASTO Running 3[ 3 Min)| 382 Min 0
1
e b 5/ S ©iz¢ (9
1.2E+4 401
- E— - — - = E— — . - 100.0% SE+7 Events in BU 1
32.5-|
il 4.5E+7 v
30 § I
275 " - | 4E+7 Pending Req. Reeiv.~Disc.
251 i 3.5E+7 o
25 red i <#P> 22 53179 P.M-m
5- d 53183 AM-m
i 3e7 s | RIS
g 20 g 7996 <FU-CPU>
S 1754 2567 & 100.00%
v 100
3 s ey 3 A [ 3188Hz | ¢
12.5- “ BnW MB/s> Disks usage 10..100% <SM-CPU>
10 1.5E+7 [ s | [[132% |
7.5+ 1E+7 EventRate Hz Free space TB
&l [ss111 | [2277 ]
25- S SE+6 Stored | 50002951
o Ll _ % 080 Time to fill disk 3 of srv-c2c06-14 > week
15:29:26 15:45:00 16:00:00 16:15:00 16:30:00 16:45:00 17:00:00 17:15:00 17:30:00 17:45:00 :04:1¢
30/04/11 30/04/11  30/04/11  30/04/11  30/04/11  30/04/11  30/04/11  30/04/11  30/04/11  30/04/11 30/04/11

UTC time 30/04/11 16:04:30 Local time: Geneva 18:04, Los Angeles 09:04, Chicago 11:04, Moscow 20:04, Beijing 01:04
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CMS Central DAQ efficiency, 2011 - pp

HW SW
problems problems

0.1% \/ 0.2%

Available
99.7%

CMS central DAQ availability during stable beams: 99.7 %
CDAQ down time : <4 hours

Luminosity lost: ~ 0.5% of delivered
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Central DAQ Down times

m Software (24 down times, 3 hours)
Due to surfacing and newly introduced bugs

m Often related to features that were added to the original design

Usually fixed as soon as identified

m Hardware (8 down times, 1 hour)
1 Broken Myrinet link
1 Broken Gigabit-ethernet switch line card
1 Broken control network switch
203 PC failures

Only 1 hour of down time due to HW ?
=> Resilience



- 2
Resilience features of CMS DAQ

m Automatic restart of crashed Event Filter processes
during an ongoing run
m Tolerance against crashed processes & machines

Data flow applications / machines
Builder & Filter Units, Storage Manager
run continues with reduced throughput

Applications controlling custom hardware
run continues with degraded monitoring
m Slice Masking: fast workaround for single points of
failure in a DAQ Slice (Readout Units, GbE switches, etc.)
mask the slice and continue with 7/8% of capacity
requires stop/start of the run
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Re5|I|ence features of CMS DAQ (2)

m Fast Configuration Change

Mask a broken machine
(except those controlling custom hardware)

Mask a rail in one leg of the Myrinet Super-Fragment Builder
Use only 1 out of 2 racks of Storage Managers

m Tool: CMS DAQ Configurator

Until mid 2010: Several tools needed, manual bookkeeping
new configuration in ~10 minutes

mid 2010 - 2011: One-Step tool with blacklist database
new configuration in ~2 minutes

Since 2012: One-Step tool automatically launched by DAQ Doctor
new configuration in ~ 40 seconds

m Configuration change requires a run stop/start
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Over-all CMS data taking efficiency 2011

7 z
- — Delivered 6.095 fb™’
& — Recorded 5.561 fb!
-4 6H
5 -
4 -
3 -
2 [
1+ »
pp: 91.2 %
W“g‘ 19f°“1 1M°°J 30l°1] w0‘31 2010
Date
Lost - Lost -
dead time down
3% time
er 6%
Lumi
recorded.
91%

PP

In part due to
Single-Event upsets

ISEMS Total Integrated Luminosity 2011 {Nov 12 06:59 - Dec 07 09:22 UTC)
1 I T T

T — Delivered 167.001 ;b™'
3 160 1 __ Recorded 157.879 ;b
140 -
120 -
100 -
Bo -
60 -
40 [
PbPb: 94.4 %
1?.!33' 413 2213 47113 022 o112
Date
Trigger Misc Power
6% 3% Nets\;ork Supply
O / 3%
~ Cooling

CDAQ
6%

Lumi lost in down times (pp)
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New: Automatic Recovery from Single Event Upsets

m Frequent sub-detector DAQ failures due to Single-Event upsets
observed towards the end of 2011 with increasing instantaneous
luminosity

m Recovery typically needed re-configuration of the system

m New in 2012: Automatic Single-event-upset Recovery Mechanism
Coordinated by top-level run control
Sub-detector detects SEU problem and notifies top-level run control

Top-level Run Control

m Invokes a recovery transition
On the requesting sub-system
Other sub-systems may do preventive actions in the shadow
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Impacting over-all efficiency: startup time -

Stopping

D Initializing I PreConfiguring Configuring ausing mmﬂ Resuming

SCAL 1 3 5] 4
RPC 2| 2| 2|
DOM 1] 5] 13§
CASTOR
CSC 21/ 8]
2 ES { 9 497 3 1 2
%, DT - 2?% a; ‘ ‘
3 ECAL { 10 80/ H of
PIXEL { sH 51 H 5] off 9
HCAL { 5] ® B 7]
TRACKER { 3t[]| 59 b s} 1 2
TRG {1 wal1a H 4 7] 2|
paa { 2s[H 45%—{ gg—{ o| 1|

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
time (s)

During stable beams, Apr 13 — May 2, 2012
m Start of data taking session (starts all software): <3 minutes
m Runstop & start: 1 min 15 seconds



Evolution of operating
conditions



" 26
Evolution of operating conditions

m Design
L =103*/cm?s, 25 ns bunch spacing, 14 TeV
Pile-up of 20
DAQ at 100 kHz

m 2012

L = 7x1033 / cm?s (expected),
50 ns bunch spacing, 8 TeV , tMSPeakluminosiUfDay{Iﬂl!A?rOS-IHIZM?yZQI

Pile-up of 35 (~2x design)
DAQ at 100 kHz Ji

T
— Max iInst 4.017 nb™'

1.0

o] ﬂ

D_o 1 1 1 |-
15103 29104 14106 30107 14102 2010

] L | L
Date 4 13\0‘ 12\°'l q1\°5 w\ﬂf’ 10[35

2011 2012







Can we handle the
event size?



= 29 H.Sakuin/CERNPH |
Can we handle the event size ?

T ——
. T

" size = (0.26 + # vix * 0.02) MB

—
Y
|

—
T

|l|I"' T . __________ &mm CMS design event size: 1 MB
0.8F .

0.6 : ; ..................... .............

0.4_ : : |:|I';Iin.fMax
Ry |l eeT%
0.2 ; ..................... .................... ______ 595.4% H Globally YES, but have to
e average . look at individual Inputs &

O_I 1 | 1 11 | | 1 11 | | 1111 | N T I T T Y A .
10 20 30 40 50 60 Super-fragment builders
Number of rec. primary vertices

Sum of FED sizes total [MB]

High pile-up fill
Run 179827 Expected 2012
30 primary vertices corresponding to pile-up of 35
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Bandwidth at various stages

GTP

&

1 FromEnd Readout Link (5

kN 0
"vvvvv

80x158 DAQ slice

30 H. Sakulin / CERN PH

SLINK: 400 MB/s (64b @ 50 MHz)
v No problem

Myrinet link: 500 MB/s (2 rails of 2.5 Gbit/s)

v No problem

Myrinet Cross-bar switch: ~260 MB/s

Wormhole-routed

No buffering in switch

Head-of line blocking reduces throughput by

up to 50% when no traffic-shaping applied
Some Super-Fragment Builders critcal

Gigabit Ethernet: 3 rails: 375 MB/s
Ethernet switches have internal buffer
shared memory — no HOL blocking

v/ No problem
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DAQ throughput per input

350 Throughput per input -
8x8 super fragment building
~260 MB/s

@100z ~] R ) /=T

FEDs in Rixel sub-system sending up to 330 MB/s
at pile-up |of 35

=]
=

]
n
=

[t
=
(=]

Design 8x8 super-fragment builders
working point 8x 64x128 readout builder
(throughput) Emulated events,

Log-normal fragment size distribution
Std-dev = mean

==
(4]
=

=y
—
=

Design

working|point + evolution *
(rate)

rate / kHz
Throughput / node (MB/s)

N

~~ DAQ rate

0 1000 2000 3000 4000 5000 6000 T000 8000

FRL Fragment Size (bytes)
m 32 inputs (Pixel sub-system) may exceed available throughput at pile-up of 35

Solution: super-fragment builders with fewer than 8 inputs for pixel
combine some smaller super-fragment builders,
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Throughput In
Heavy-lon Operation
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| CMS Experiment at LHC, CERN

; Data recorded: Mon Nov 8 11:30:53 2010 CEST
\| Run/Event: 150431 / 630470
Lumi section: 173
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Proton physics — lon physics

Zero suppression for Si-strip
tracker

Fragment size

Event size
Max trigger rate

Max. DAQ throughput per input
(8x8 super-fragment building)*

*log-normal distributed event size
std-dev = average

In FED (hardware)
2 kB

1 MB
100 kHz
260 MB/s

34 H. Sakulin / CERN PH i

In HLT farm
(software)

50 kB (100 kB after
merging)

20 MB

3.5 kHz

350 MB/s (DAQ
settings tuned for
large fragments)

7| | \Strips

/)
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DAQ performance at start of 2011 HI fill

Lv1 rate Ev. <Size> kB DeadTime(AB) Stream A HLT <CPU>
2.734 kHrZ=B 20034.6 [1171.1] 2.741 % 425.55 Hz 20.59 %

int size 19.6

SM streams Data Flow
Stream No.Events Rate (Hz) BnW (MB/s)
fcdaq special InterfillHI /v 1.O/HLT V4
as[ o1 | [
EcalCalirat MR
— : 3 c 4 PreScalelndex Tracker HV OFF CalibCyc ON
41363 ool isal | S B O albcye
HLTMON Phusics NOT declared
[Fauygvens|_o.000ev0] 000l 000 | #1v(GT)| 1298417 | 5 FEC
r 0.000E+0 000 9 BkpDyn
[ rror] ooooero] 000l 000] | yy1 Rate | 2734 ki 2 7 kHz L1 rate
] "

Pending Lvl

EvSize (kB)
2.003E+4 20 MB / event
Events in BU

e Zero-suppression in HLT farm -> 1MB

S

SIU3AI PAIOY

560 MB/s to disk

v

2010 HI run: ZS offline /
T TN ROOT compression in HLT

11 2

Los Angeles 18:16, Chicago 20:16, Moscow 05:16, Beijing 10:16 11 MB / event. 1.8 GB/S to dISk
, 4.
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High-Level Trigger



- o
Filter Farm deployment strategy

High-level trigger based entirely on
commodity hardware

Buy the processing power just in time

Better value for money

Computing requirements evolve with
LHC luminosity

Higher luminosity requires higher selectivity
= more complex algorithms

Higher luminosity & more pile-up 2
more time consuming tracking

Challenge: increasing number of cores
per machine
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High-Level Trigger Software

Event Fragments Acknowledge
From RUsS/EVM

38  H.Sakulin/ CERN PH
e

[ 1] Tttt
Builder Unit
AQ)
= : = " 1—')
Resource Broke Bl axetierai— Event Data to
Storage Manager
raw rg{:ﬂt;gL dam ry

l Prototype E
it ST |

BUFU Pc

m Trigger algorithms are processed with CMS offline software framework CMSSW
m 1 Process per core / per hyperthread but limited memory available

m  Copy On Write: 1) Prototype process loads configuration and conditions
2) Child processes are forked

m  Coupling between XDAQ and CMSSW very tight
1 same compiler, same process



http://xdaq.web.cern.ch/xdaq/Software/file.asp?sCategory=Core%20Framework&sFamily=&sPackage=XDAQ%20core&sFile=XDAQ%20core2.0.tgz
http://xdaq.web.cern.ch/xdaq/Software/file.asp?sCategory=Core%20Framework&sFamily=&sPackage=XDAQ%20core&sFile=XDAQ%20core2.0.tgz

-
HLT farm evolution

20009:

720x &

Form factor

CPUs per
mother-
board

#boxes

#cores

cumulative
#cores

cumulative
#CMSSW

1 motherboard in 1U box

2x 4-core Intel Xeon
E5430 Harpertown, 2.66
GHz, 16GB RAM

720
5760

5.6k

5k

May 2011

4 motherboards in 2U box

2x 6-core Intel Xeon X5650
Westmere, 2.66 GHz, hyper-
threading, 24 GB RAM

72 (=288 motherboards)
3456 (+ hyper-threading)

9.1k

11k

May 2012
add:

4 motherboards in 2U box

2x 8-core Intel Xeon E5-2670
Sandy Bridge, 2.6 GHz, hyper
threading, 32 GB RAM

64 (=256 motherboards)
4096 (+ hyper-threading)

13.2k

20k
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HLT machine performance with HLT playback

400
n 350
- ~30 % gain from
‘;‘ hyper-threading
2 300
=
©
250
E ~-E5-2670 SLCS
et
E 200 ~=-E5-2670 SLC6
3 ~30 % gain from X5650 SLCS
4 hyper-threadin
150 yp g
3 ~-X5650 SLC6
=100 - ~~E5430 SLC5
E - %
&
50
0
= OO O =N M NO M~ O =N LW~ O AN o<
b L b L T B L e e Pt LN F N N F N F N PN T N L E N e T T T T

Number of HLT processes / machine

HLT menu for 5x1033/(cm?s), recent data sample & software
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HLT farm evolution |

: vo—TE add: e — add:

A s

Original HLT System 2011 extension 2012 extension
Dell Power Edge 1950 Dell Power Edge c6100 Dell Power Edge ¢6220
Form factor 1 motherboard in 1U box 4 motherboards in 2U box 4 motherboards in 2U box
CPUs per 2Xx 4-core Intel Xeon 2x 6-core Intel Xeon X5650 2x 8-core Intel Xeon E5-2670
mother- E5430 Harpertown, 2.66 Westmere, 2.66 GHz, hyper- Sandy Bridge, 2.6 GHz, hyper
board GHz, 16GB RAM threading, 24 GB RAM threading, 32 GB RAM
#boxes 720 72 (=288 motherboards) 64 (=256 motherboards)
#cores 5760 3456 (+ hyper-threading) 4096 (+ hyper-threading)
cumulative 5.6k 9.1k 13.2k
#cores
cumulative 5k 11k 20k
#CMSSW
ngt‘)’ﬁg;et 20009: 2011 2012:
@100 kHz: ~50 ms [ evt ~100 ms / evt ~150 ms / evt

(CPU budgets are on 1 core of an Intel Harpertown)
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States of HLT nodes at start of a pp fill before extension 2

20/04/12 PROTON PHYSICS DAQ state Run Number Lv1 rate Ev. <Size> kB DeadTime(AB) Stream A HLT <CPU>
Fri 06:44:00 STABLE BEAMS Running 191830 65.617 kHz 563.1 1.326 % 772.11 Hz 71.59 %

Average
= 0 ,2 #FU master appl.1003, #FUs process 12091, #Running FUs 12091 (100.0 %), CPU usage 71.59

Selected micro
MicroStates | MacroStates | Sewing

Micro State  #

L15eededEgammaRegonalCkIT
ies

it 3TrackCandidate FromL20ISta |
hitLIGObjectMap
hitTriggerSummaryAQD!

MirParticleflowdlock

hitPixeVertices:

hititer2PFletCafTrackCandidates

REL3TrackCandidatefromi 200t

viryEgammaRegionalCk

hittter1PFetPixeiSeeds I
ixelSeecs

[ o]
Bl s
i)
T

. . Fill 2536, 20 Apr 2012
Time into fill Lpeas = 6.1 X10%/(cm?s)

HLT farm almost fully utilized at start of fill (since September 2011)
Algorithms are tuned for available computing power
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HLT states with HLT extension 2

19/05/12 PROTON PHYSICS DAQ state Run Number Lv1 rate Ev. <Size> kB DeadTime(AB) Stream A HLT <CPU>
Sat 10:47:19 STABLE BEAMS Running 194439 85.305 kHz 636.0 3.705 % 941.94 Hz 75.46 %

2 Sat 10:47:09 o f;??mp ;;ﬁi.m 1197:,.5 #FU master appl.1155, #FUs process 16930, #Running FUs 16930 (100.0 %), CPU usage 75.46 %

3636 953%  1264ms Selected micro
MicroStates | MacroStates | Setting 1220 388% 903 ms
1342 388%  99.0ms
¥ freq 1326 274%  844ms
7793.0 [46.031
hitpixelTracks SEYRN M MEXLL]
337.00 | 1.991
313.00 | 1.849
312.00 | 1.843
hitTowerMakerForAll JENTX L MIBRIC)
284.00 | 1677
283.00 | 1.672
270.00 | 1.595
250.00 | 1.477
246.00 | 1.453
212.00 | 1.252
hitParticleFlowBlock RPN MEE B CE)
(IESTEEE) 201.00 | 1.187
199.00 | 1.175
hitl3TrackCandidateFromL20i5ta TN MEBYLTA
170.00 | 1.004
hitPFjetCtfWithMaterialTracks TR RrYA
[ISIEEREE 155.00 | 0916
jityEgammaRegionalCk IR UYL ET]
138.00 | 0.815
138.00 | 0.815
134.00 | 0.791
hitTriggerSummaryAOD IREERMERZ
127.00
hitCsc2DRectiits JFPEIGN)
123.00
100.00
99.000
hitt2Muons EYAT)
74.000
hitFastPixelBLifetimeRegionalCkf [ZXNT]
70.000
68.000
61.000
hitParticleFlowClusterHCAL [N
60.000
58.000

m m
= = = HES
Z = z £l
g ElE z glel.
z 3 £ HEE
2 2 28|
g € HHE
- SE S MR HEE
B HEHEERHEHE
3 2% 5512 Blz|& 5
3 315le (5|5 2|38 &
Z MBI HBEHEEE 3
5 SEEHERREEEER -
g x%:§§§9 HEH o
H HHEHE HEE 3 #

o
9
e
3
3

T
]
<«
"
2
s
7
<]
e

hitMultiSxSSuperClusterswithPre
hitESRegionalEgammaRecHit,

hitPFTauTaginfol

hitCalojetiDPassed JPX\]
3 0

hitL1GtObjectMap
hititerZPFetCkfTrackCandidates

¢ hitTowerMakerForjets
hitL3TrackCandidateFromL201Hit
Ml iCscaDReii|
hititer4PFletCkiTrackCandidates

8 hitFastPVPixelTracks
hititerZPFletPixelSeeds
hititer1PFjetCkfTrackCandidates

f hitActivityStartUpElectronPixelSee
hitParticleFlowClusterPS
hititer1PFletPixelSeeds
hititerdPFletPixelLessSeeds
PitMultisx5BasicClustersActivity|
HitParticleFlowRechitPs,
hititer3PFjethixedSeeds
hitDt4DSegments

—_— SRR\ L
10:12:14  10:14:14 1 10:18:14 14 10:26:14 0:30:14  10:32:14  10:34:14  10:36:14  10:38:14  10:40:14  10:42:14 44:14 10:47:09
5/19/12  5/19/12 / 5/19/12  5/19/ 5/19/ 12 5/19/12 /19/12  5/19/12 5/19/12 5/19/12 5/19/12 5/19/12 5/19/12 5/19/12 /12

HLT extension-2 in 5 out of 8 DAQ slices

Time into fill _
m Ready for higher instantaneous luminosity Fill 2645, 19 May 2012

. L oo = 6.1x1033/(cm?s
and more complex algorithms peak (cm?s)
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Summary

m CMS DAQ system building events at 100 kHz in 2 stages
1MB event size, 100 GB/s throughput

m Central DAQ availability 2011: 99.7 %

m Continuous effort to improve CMS over-all efficiency

m Increased data volume due to higher pile-up with 50 ns LHC
bunch spacing can be handled

m HLT farm being extended as required
reached 13000 cores this month. Ready for higher luminosity.

Beyond 2012: see next talk ...
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Thank You
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Bonus track
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Comparison of HLT machines

Xeon E5430, Xeon X5650, Xeon E5-2670 2.6

2.66 GHz 2.66 GHz GHz
#cores 8 (2x4) 12 (2x6) + HT 16 (2x8) + HT
SPEC int (max) 25 37 (=25 *1.5) 52 (= 25 *2.1)
HEP Spec /3 208 386
CPU burner test’ 1.0 3.6 5.4
Eg Action 11 test 1.0 2.2 3.3 Eeerrformance
EPY = e motherboard
HLT 2011 1.0 2.4 -
HLT playback’ 1.0 2.8 3.9

" Does not include event building
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CMS DAQ installation

60 FRL/FMM crates
200 DAQ/DCS PCs

=

Readout Builders

- 640 Readout Unit PCs (4-core)

- 8 Force-10 GBE switches
4000 ports in total

S N N - -

| Detector readout.
= 650 Slink/FMM cables

48 H. Sakulin / CERN PH %
;3"é

500 FRL + 60 FMM modules

= |

Data to surface

- 12 Myrinet switches (clos-256)
- 1536 D2S links (2.5 Gb/s)

- 2 Tb/s total

ngh Level Trlgger Farm

- 110 water cooled racks

Extensible design

Currently 13000 cores, 26 TB RAM
Storage to disk at 2.1 GB/s

300 TB Mass storage
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Experiment control and monitor system and WWW services

Cessy: Master&Command control room  Fermilab: Remote Operations Centre

i %

Meyrin: CMS DQM Centre

A general and expandable architecture has been deployed for the experiments’
Run control and monitoring largely based on the emerging Internet technology
developed in the field of WWW services



Two-stage event building architecture |

~9°0

Q Front-End Drivers

“00 500x
U U F d-Read Link U .200 MBS
rontend-Readout Links . ..
I -
0 1 2 er
M ] (]
¥ v § Frontend Readout Link
R E V) ey — . il reads 1 or 2 links
Interfaces to Myrinet NIC
M Readout S
OV lV 2V 3V 4
BF[{BF[{BF BF(BF BFf[BFBFBFBFBFEBF . I ||| SN
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Two-stage event building architecture

(M Erant-End Drivers ~650 W

Trigger

H [ AT

OV 1V 2|_V
RU I

Yvvy Yvvy

P4 Readout B

ITI
<
<

0 Q Q Q (ANQnnnn
0 iﬂg Hl M [ Superfragment builder technology: Myrinet

m Wormhole-routed
cross-bar switch
1 2.5 GB/s / link
1 Low latency
1 No buffering
1 Link level flow control
1 Head-of-line blocking

m NICs

1 Programmable RISC
processor

1 Custom protocol

1 LUT-based destination
assignment

er

BF

BF

BF

BF

BF

_”UUU”W




Operational Experience with the CMS DAQ Syste 52 H. Sakulin / CERN PH '/ q
Z—

Two-stage event building architecture

Event builder technology: Gigabit ethernet

m Standard 1 Gb/s Ethernet

m 8 switches (by Force-10)
1 1 perslice
1 4000 ports in total

m 3 rails per Readout Unit PC

m 1 or 2 rails per Builder/Filter PC
according to performance

51010)%
200 MB/s

-
K 4k

¢ 8x8 Super-
ment Builder

0 GB /s

|

16k

y -

RU R " Stage 2: Gigabit
\AAZ LA A 4 LA A 4 VVLV Et h ernet

~
4 Readout Builder Network (Slice 0) 1 W
ol 1)2)3]4a]l5]|6] 7|8l ol 19a1]] ... [SM [SM

A 4 A 4 A 4 A 4 A 4 A 4 A 4 A\ 4 A A 4 A\ A 4 A\ A 4 A\ A 4

BFf|BF|BF}|BF|{BF}|BF||BFf|BFf|BF/BF/BF/BF| = T

8 independent
DAQ Slices:
~72 x (90 .. 160)

8x 12.5 GB/s

Storage Manager

SAN
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Two-stage event building architecture a

[ Storage Managers 500
J'm‘ RE, ‘-" m 2 Storage Manager PCs per slice P00 MB/s
sl = m NexSan SataBeasts (RAID-6 disk array) .
connected through redundant Fibre B,
Channel switches
m  Max write speed 2.1 GB/s with ¢ 8x8 Super-
simultaneous transfer to Tier-0 ment Builder
2.6 GB/s w/o transfer 0GB /s
m Local storage 300 TB (several days) L
16k
*Tevm —RU—2RU iy gabit || gk”g%ﬁil‘f”t
- ernet ||| 72« (90 .. 160)

M Readout Builder Network (Slice 0) : 8x 12.5 GB/s
ol 1l 213415 6] 7] 8l|l 9ll 1011 ~ |SM| |SM Storage Manager

A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A\A 4 A\ A 4 A\ A 4 A\ A 4

BF||BFf|BF||BFf|BF}|BF[|BF/|BF[{BF[|BF[BFIBF| = T ||| sAN
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=
B

Storage Manager Performance

g B Tier0 Transfers Saturated
- Event Size: 560 kB
“E" 1200 [~ NYg:ta gt?eams: 1
% - File Size: 0.7-0.9 GB
o s
o 800
k. ;
) E
‘g, g
S 400 [
— E
200 [—
U] A R I

b rgai PR L7 TR TR O I T A T 5 S YO VR 10
0 500 1000 1500 2000 2500
Data Recording Rate [MB/s]
m Total capacity: 300 TB (several days of data talking)
m HLT compresses event data (root); reduction by factor ~2

m Event data to disk
1 pp; ~200 MB/s, design 600 MB/s
1 Heavy lons: ~1.4 GB/s (up to 2.8 GB/s w/o transfer)



Super-fragment size (kB)

=
un

=
=]

L

o
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Super-fragment size in pp runs ( n

55 H. Sakulin / CERN PH '/ %
)

vertex )

Super-fragment size
at 30 vertices / kB

\

FEDBuilder Event Size Grand Unification — BPIX s1d06-30 (0.687 kB/vertex) 22.3
— BPIX s1d06-29 (0.686 kB/vertex) 22 3
— EB-s2d10-03 (0.382 kB/vertex) 20.5
—— EB+ s2d10-10 (0.373 kB/vertex) 20.4
— EB+ s52d10-02 (0.377 kB/vertex) 20.4
~ EB-s2d10-11 (0.376 kB/vertex) 20.3
= BPIX 51d06-29 (0.596 kB/vertex) 19.3
= BPIX s1d06-30 (0.576 kB/vertex) 18.9
— HF 5s2d10-07 (0.182 kB/vertex) 16.6

[=]

At 100 kHz can take 2.5 kB per FED or
20 kB per super-fragment

m Some super-fragment
builders at the limit

30 with 2011 configuration

Number of vertices )
v Fixed by re-

arrangement of super-

expected 2012 o
fragment composition
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DAQ throughput per input / pp and Hi

(generated events)
400

Fragment size distribution <—3 Gbps

30 Log-normal, Std-dev = mean J

Fr

/“r/ <—2 Gbps
/ Design

working paint
(proton-protof)

(2]
=
=]

]
on
=]

B2
(=]
=

-
o
=

<—1 Gbps
“pp settings

=
[=]
=

~*+HI settings

Throughput / node (MB/s)

=

100

10000

2 kB for pp 100 kB for HI
FRL Fragment Size (bytes)

m DAQ optimized for large fragment sizes: reach 350 MB/s (limited by GBe)
m Max rate at 100 kB/FRL: 3.5 kHz

m Max aggregate EVB throughput: ~150 Gbyte/s (436 x 350 MB/s)
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HLT states during 2011 Heavy lon run

05/12/11 ION PHYSICS DAQ state Run Number Lvl rate Ev. <Size> kB DeadTime(AB) Stream A HLT <CPU>
Mon 09:32:23 STABLE BEAMS Running 182972 1.201 kHz 20147.9 1.228 % 410.37 Hz 28.93 %
% <Tlev> e
395% nsz’: [ #FU master appl.1003, #FUs process 8165, #Running FUs 8165 (100.0 %), CPU usage 28.93 %

3
218% 18946 Selected micro

Micro State

%ll!
;
;

BT s

PlSiStnpZeraSugeeession 3 2 u
hRHIPimTrckCanddates 0 369 e ey

L i S

hRHIPxel3PrimTracks,
NSiStrigRawOVITaVirginRaw

NtHSSiripClustersNonRegicnal

i

hitiCiobalPrimTracks|

IHHEIE'I
1
P R

hitTowerMakerforAll
justy

§I§
ési §

| VSi-Strip zero
suppression

o
£
5}
3
T
2

.
i
i

hitHiPiceiMedianVertex
hRLISHILPCNe My

hitOut putHLTDQMRe sults |
DQMMHistograms

Fill 2343, 05 Dec 2011

Time into fill
m In 2011, Tracker zero-suppression done in HLT farm



