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ATLAS Experiment

: Muon Spectrometer
Being assembled around (MDT, CSC, RPC,

LHC@CERN
pp collisions at Vs = 14TeV
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46m long, 22m high, 7000 tons
140M channels

40MHz collisions
100kHz 1° level trigger
O(100Hz) stored events
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ATLAS TDAQ
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Event data pushed @ < 100 kHz,
1600 fragments of ~ 1 kByte each
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lead-Out System @

(& 150 PCs housing custom PCl )
boards
- 1600 optical readout links
(ROL)

= ROSes hold the data till the LVL2
decision

SDX1

- serve data to LVL2 and Event
\ Builder
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Event data pushed @ < 100 kHz,
1600 fragments of ~ 1 kByte each
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| VL2 System &)

SDX1  1Urack mountate T (s Reconstruction in limited )
r detector regions (Rol) defined by
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Event data pushed @ < 100 kHz,
1600 fragments of ~ 1 kByte each
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ATLAS Event Builder Commitment

n»r=»

SDX1 1U rack mountable PCs
~1900 ~100
Event Event SFI
Filter Builder
R 705
=il
Manager LvL2
Network switches output
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( Pull ~45GB/s )
E"Ielnzdata ( From ~150 ROSes )
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—(  Into ~100SFls )
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ead-
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~150 PC Links
Read-Out
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Event Builder: ROS
full events
@ ~ 3 kHz (~1.5 MB event size)

Event data pushed @ < 100 kHz,
1600 fragments of ~ 1 kByte each
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Event Builder Protocol

= DFM is the “orchestra leader” of the Roi ||
EB system

receives trigger via the network

assigns events to the SFls, load |
balancing the farm ||

handles End-Of-Event

SFI_DFM_EoE
SFI_DFM_FlowContral
DFM_SFI_Assign

- sends clear messages to the ROSes

=¢ SFlis the event builder application

- asks all the ROSes for data fragments

- builds a complete event

- serves the Event Filter
1 Network Protocols used

= SF| features O UDP / IP for data requests and data replies

~  Traffic shaping: limited number of O UDP / IP multicast for the DFM clear

stand t messages
outstanding requests O TCP / IP for data flow commands
- Re-asks missing fragments O Possibility to use TCP / IP everywhere

- Monitoring server
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5 Presently Installed Hardware @‘
S
g ~1/20 of High Level Trigger 4x HLT rack
— (HLT) racks 31 nodes each
10GE 14 DFM/L2SV
4 &= I
:
! L
! _5
B !
1
153 ROSes 19 ROS
concentrator

: | 32 SFis |
—_i

Y-

~ 1/3 of Event Builder nodes

= SFI/DFM: dual AMD Opteron 252 2.6 GHz
= HLT: dual Intel Xeon E5320 quad-core 1.86GHz

Central & local file server, online service and
monitoring nodes not shown

October 29" 2007 IEEE NSS, Honolulu, Hawaii, USA, October 29" - November 2" 2007 W.Vandelli 9



Event Builder Scaling Properties

= Extend test capabilities running SF
application on HLT nodes

124 ROSes / 29 SFIs + 30 HLT |

s} Perfect scaling up to 59 SFls 6000 Real SFls

- 1.5 MB event size 5000

_ 6.5GB/s @ 4.5kHz o 6700MB/s HLT nodes
=g SFl application can roughly exploit @ 4.5kHz used as SFls

the full GE link

- 114MB/s @ 76 Hz (SFI)
- 112MB/s @ 75 Hz (HLT)
= Multi-core HLT nodes have good
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SFI performance % 10 20 30 40 50 60
- Double SFI approach Number of SFls
* Very promiSing result. BUT e Eventsize 1505 kB SFI performance with no output attached
’ 114

=
=
]

10% performance decrease
when sending data to Event Filter

106 ‘ﬂ\ o
No LVL2 load on system (ROSes & network) 102 ‘
during the test

Throughput per SFI [MB/]

0 5 10 15 20 25
Number of Event Filter nodes per SFI
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Double SFI Approach @

.
32 ROSes Double SFI . o '
: ' ouble SF1_| = Exploit the availability of multi-core
: ﬂ%— processors on the same node running
= I s | multiple SFI applications

- extended network capability needed

Qi — = HLT node with quad-NIC board
DFM
(internal trigger) 32 SFls :e - dual-CPU quad-core 1.86GHz
1GE ' ) - 2 bonded interfaces toward ROSes

10 GE - 2 bonded interfaces toward the EF

= Throughput with 32 ROSes, 1.1 MB event

- Reference SFI 95 MB/s
—=— Reference SFI — Double SFI 2 x 80 MB/s = 160 MB/s
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Double SFI Appl. 2
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Double SFI Approach | @

32 ROSes
- | = Exploit the availability of multi-core
ﬂ%— processors on the same node running
— | multiple SFI applications
- extended network capability needed
= HLT node with quad-NIC board

- )

DFM
‘ (internal trigger) I :e - dual-CPU quad-core 1.86GHz

1GE - 2 bonded interfaces toward ROSes

10 GE

- 2 bonded interfaces toward the EF
= Throughput with 32 ROSes, 1.1 MB event

- Reference SFI 95 MB/s
- Double SFI 2 x 80 MB/s = 160 MB/s

= Good performance, limited by the (output)
bonding efficiency

- Input only: 2 x 114 MB/s = 228 MB/s

- Foreseen working point <70 MB/s
per SFI

- Far from the CPU limit: dual-CPU

120
100

Aggregated Bandwidth (MB/s)

Normal SFis Double SFI Working Point
2 nodes x 1 VO link pair 1 node x 2 /O link pairs 60% of 2 /O link pairs duaI_Core
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= Due to the limited computing
resources cannot use real LVL2
algorithms

= Simulate the LVL2 load on
network and ROSes with LVL2
processing unit (L2PU) running
dummy algorithm.

- Rol size
- #Rols

= Custom topology with EB driven RolB
by an independent, non-
requesting LVL2 farm

- decouple EB and LVL2

- independently tune
corresponding working
points

Including LVL2 load in the system

RolB feeder

EB driver

<<<<<<<<
=i << ¢ 24«

EB Farm
32 SFI

LVL2 Farm-2

|
- ~750 L2PUs
- all rejected

- variable Rol size
and #Rol

| 145 nodes

ROS Farm

— VL1 Accept
— VL2 Accept

# LVL2 Fragment Request

é LVL2 Fragment Reply

EB
EB

Fragment Request
Fragment Reply

\.

" Try to reach the highest L2 request rate on the ROSes, at a given )

Rol size, varying the number of Rols per event
Measure the effects on the EB and on the ROSes

J

October 29" 2007

IEEE NSS, Honolulu, Hawaii, USA, October 29" - November 2" 2007

W.Vandelli 13




n»r=»

LVL2 and Event Builder @

= Not able to completely decouple

Event Building and LVL2

=y Observed decrease in the LVL2
rate is due to a decrease of LVL1

rate

= System limits not exposed

- Limited by the presently

installed hardware

- Correlation effect in
RolIB system

v

Presently installed bandwidth
limits @ 1.6MB/event

145 ROSes / 32 SFls \.

16000
14000
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the 10000
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/. v

—%— 4 ROL/Rol - 16 Rols

EB bandwidth limit

ax LVL2 ROS Request Rate (Hz)

------ LVLZ bandwidth limit

The system can always
sustain the Event Builder
in the explored space

2000

800 1000 1200 1400 1600 1800 2000 2200
Event Building Rate (Hz)

October 29" 2007 IE

EE NSS, Honolulu, Hawaii, USA, October 29" - November 2™ 2007 W.Vandelli 14



Closer look to the ROSes

g F Foreseen L2 ROS Request Rate
25? Average
2F 6.5kHz
<E LVL2 Traffic O(2) GB/s
3 EB Traffic 4.5 GB/s
Tt P rofreaumtraz i T
8 sof- | Highest Load Reached |
EEE_ Average
soF- 5.1kHz
-m;— LVL2 Traffic 2.3 GB/s
.3 EB Traffic 3.6 GB/s ¢

LVL2 ROS Request Rate (kHz)
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. Closer look to the ROSes |
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Conclusions @

= 1/3 of the ATLAS Event Builder nodes are installed and tested
= ATLAS Event builder is based on a pull protocol

- Data Flow Manager (DFM) receives triggers and load balance the building farm

- Event Builder application (SFI) requests data to the ROS, handles packet losses and traffic
shaping, serves complete events to the Event Filter and to monitoring applications

= Extended Event Building tests exploiting HLT nodes

- we exceed the required bandwidth with 2/3 of the building nodes

- 10% degradation expected sending data to the Event Filter

= Successfully tested a multi-core machine running two SFI applications (Double SFI
approach)

- 15% degradation running two applications on a single node instead of two

- still able to provide more than needed throughput per application

= Initial test of Event Builder performance including the LVL2 traffic did not expose
major system limits

- not yet able to reach the final load on the ReadOut System and the Event Builder mostly
because of the limited available hardware

- system to be extended in Spring 2008
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5 Data Acquisition Strategy @=
S
Interaction rate
-1 GHz CALO MUON TRACKING
Bunch i
= Based on three trigger levels rate 40 MHz 1
— Pioeli
- LVL1 hardware trigger LEVEL 1 memories
TRIGGER -
< 75 (100) kHz ‘t ¥
Derandomizers
| | .
Regions of Interest Readout drivers
[~ LVL2: 500 1U PC farm T (RODs)
- Reconstruction within '}_I%EEGLE"EI Read-Out
- Region of Interest (Rol) ERLLA Se] System
High Level defined by LVL1 3 KHz ?
Trigger < ~
Event builder
(HLT) - EF: 1900 1U PC farm
» Complete event EVENT FILTER Full-event buffers
\ reconstruction and
~ 200 Hz processor sub-farms
Data recording
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ReadOut System (ROS)

1 153 ROS PCs installed

O 40 used for these tests

Q 4U, 19" rack mountable PC MY == .. Wi

[ o

O Motherboard: Supermicro X6DHE-
XB

3 CPU: One 3.4 GHz Xeon
Q Hyper threading not used

O uni-processor kernel
d RAM: 512 MB

O Network:

Q 2 GB onboard
1 used for control network

O 4 GB on PCI-Express card
1 used for LVL2 data
1 used for event building

O Redundant power supply
d Network booted (no local hard disk)

d Remote management via IPMI
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SFls

32 SFI PCs installed

O Final system ~100 SFls
0 29 SFls used in these tests

d 1U, 19" rack mountable PC

d Motherboard: Supermicro H8DSR-i

Q CPU: AMD Opteron 252 2.6 GHz
O SMP kernel

d RAM: 2 GB

O Network:

0 2 GB onboard
1 used for control network
1 used for data-in

0 1 GB on PCIl-Express card
used for data-out

O 1 dedicated IPMI port
d Cold-swappable power supply
4 Network booted

O Local hard disk to store event data;
only used for commissioning

d Remote management via IPMI
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DFMs
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3 12 DFM PCs installed

O Final system needs 1 DFM

d 12 DFMs
O run up to 12 TDAQ partitions in parallel
O useful during commissioning

1 Same PC as for SFI

O Network:

O 2 GB onboard
1 used for control network
1 used for data network
1 dedicated IPMI port

d Cold-swappable power supply
O Network booted

d Local hard disk (not used)

d Remote management via IPMI

R
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0 124 HLT PCs installed
d 1U, 19" rack mountable PC

O CPU: Intel Xeon E5320 quad-core
1.86GHz
O SMP kernel

d RAM: 8 GB

O Network:

U 2 GB onboard
1 used for control network
1 used for data-in

O 1 dedicated IPMI port
O Network booted
O Local hard disk

d Remote management via IPMI
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0 Force10 E1200 -l Force10 E600 0 Force10 E600
Q 6 blades x 4 optical - Up to 7 blades J Up to7 blades
10GE ports P 630 GE ports total 630 GE ports total
P 336 GE ports @ line 336 GE port lin
O 2 blades x48 copper GE peed ports @ line
ports P speed
- Up to 14 blades - Data network O Control network
1260 GE ports total QO To Event Filter Q Run Control
672 GE ports @ line Q Datab
speed atabases

O Monitoring samplers
O Data network

O Event builder traffic

Q LVL2 traffic
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HTL nodes as SFls
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< Traffic shaping
s
16000
— 14000 = = =
= 12000
® 10000
. . . T 8000 - I = o—UDP: Event Size 210 kB
J Traffic shaping is B 6000 i —m—UDP; Event Size 418 kB
achieved by limiting the § 4000 UDP: Event Size 834 kB
number of outstanding < 2000 f.....-.'ﬁl_.i —=—UDP: Event Size 1505 kB
0 —#—TCP: Event Size 1505 kB
requests per SFlI 0 50 100 150
# Outstanding requests per SFI
O For big event sizes and s500

large number of outstanding
requests, the aggregated
bandwidth drops

3300
3100 - h R

2900 /f h \\ ¢ =

2700 _

5500 N —+—UDP: Event Size 210 kB
2300 ——UDP: Event Size 418 kB
2100 UDP: Event Size 834 kB
1900 .
1700 ——UDP: Event Size 1505 kB
1500 ——TCP: Event Size 1505 kB

0 50 100 150

- packet loss and subsequent
re-ask of data fragment

Aggregated bandwidth [MB/s]

# Outstanding requests per SFI
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LVL2 request pattern

Number of Rol per Accepted Event Entries 10583
= Mean 11.19
B RMS 8.196
10°
10°
10 =—
1
? I|_ 1 1 | | 1 | | 1 | | | 1 | | | 1 | | | | | | 1 |
0 10 20 30 40 50
count
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