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ALICE explained
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FEP || FEP

HLT Farm

Accept/Reject Accept/Reject

= How does the HLT
work?

=> HLT decision
propagated to LDCs

* via EB network

- large buffering using PC
memory

=>» HLT also performs
(TPC) data reduction

- for most events HLT
LDC fragments replace
detector LDC fragments

- driven by event type tag

- event-by-event GDCs
know involved LDCs
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ALICE Event Builder %4

Lvent
Fragmen

Load Bal

.

=> Push protocol using TCP/IP

Sub event

- LDC are PCs housing custom cards
=>» EDM not used
- LDCs event ID-based round-robin over independent streams

=> Full event content depends on event type and HLT decision

=> Full events handed over to local streaming/objectification/writing tasks via
shared memory
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@AV ALICE Design Parameters

=> 185 data sources (LDC)

- variable fragment size . .

- detector dependent
- 1GbE/10GbE
=» 85 builder units (GDC) [
— 1GbE

= EB rate & bandwidth —10GbE
« HI Central L

* HI Dimuon

- 39MB/event@40Hz = 1.5 GB/s (

- 250kB/event@1kHz = 0.25 GB/s
Y
- 500kB/event@1kHz = 0.5 GB/s

voo
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ATLAS

Trigger DAQ
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—
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ATLAS Event Builder

n»r-=»

ReadOut System

Builder

L 2
Data Collection ] Event
Network

Event Filter W
Network

=> Pull protocol using TCP over Ethernet
* UDP possible, never used in production
=>» Event building manager
- Educated round-robin based on occupancy and XON/XOFF messages

=>» Traffic shaping

=» Full events handed to HLT farm using TCP connections over a second
network
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@AV ATLAS Design Parameters

ROS

=> 150 data sources (ROS)

- Average fragment size ~10 kB

- detector dependent 'p ‘p

- 2x 1GbE
* 10 GbE up-links - redundancy

> 100 builder units (SFI)

- 1GbE ——1GbE ~ -l a_ » -l a
: : 10 GbE > >
* |ater dual builder units —
> ~1000 data destinations (HLT) SF| M

> EB rate 3.5 kHz . .

= EB bandwidth 5.25 GB/s
= ~1.5MB/event
e | |
=0 9
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) CMS Event Builder

I GTP mumolj Detector Front-End Drivers ( FED x~700) ||‘ |E
1 512 |8
=> Push-pull protocol over a Myrinet g%]L #] o FonEdReadoalins (S12FRL) #] v
+ Ethernet networks J L T [
l M 256x256 FED Router +—————— FED Data Balance (6 clos-256) _— N 256x256 FED Router ‘
» sliced HLT farm i g
> 1 step 0 —— DataLins 2 Gbs 1 1536 :
]
0
* programmable NI rform ‘ :
progra able NICs perfo b8 1 Eﬂz fja ——— FEDBuiders (3x8x72) = @72 g
- statically-weighted round-robin [ T
- super-fragment assembly

> 2" step ‘ N
' TCPIP | imy | s am |t
. ¢ - :
 dynamic distribution by event EVM o 2 Readout Buider [ EVM ]HMReadoui Builder2 { EWM ]HMReadout Bulders | | 2
manager per slice — T TITTT I T |2
gerp i hﬁ hﬁ e B TTT] (I JTTTT [T |8
=>» Event building distributed over A === = = = ¢

ST T T T,

the H LT fa rm [ b Control&Services Network |
o fU” events IocaIIy assigned fOI' e phase 1 up fo 50 kHz > 4 phase 2up o 100 kHz =y

processing
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@ CMS Design Parameters

I GITP mhIFED: Detector Front-End Drivers ( FEDx~700) ] E
512 §
= 512 data sources (FRL) 89‘]1L [] “——  FrontEnd Readout Links (~512FRL) ~ —— i :
. o ;) TR m
Average fragment size ~ 2kB l bd 256256 FEDRouler |  FEDDafa Balance 6 cos2%6)  ——| P 256256 FED Rolle
- 2x 2Gb Myrinet - redundancy  *- ljiji@ ]
=» 8x64 = 512 intermediate builder j - Data Links (2 Gbls x 15%) E
units (RU) _ 9
. Average fragment size ~ 16kB g My My | rmomispe) Mn | |8
T T i
« 2x 2Gb Myrinet + 3x 1GbE I _
3 8x90 = 720 builder units (BU) ile | :
 1GbE X 2 72 $ |
U RU all 14
e | dwg' | awm | Emp
EVM HTEjBReadoutBuildeH [ EVM HiReadout Buider? [EVM f’steadout Buldrs | |2
: — TIIIT 111 RERERREN T 11T |8
> EB bandwidth 100 GB/s e WITT] O (s, BT (1) 1T (1] |
- ~1MB/event 7 gtk T T u gh
I I ControldServices Netwark |
e e 1 Up 10 50 kHz } ¢ phase 2uplo 100 kHz =y
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@ LHCb

Detector
Lo 1 VELOR ST g OT ARICHR ECab-HCaI-Muon
]
{ Trlgger A | T 1’ I
h 2 v b
I—L-O Irl—gge—r = _'-E|EQ::I'EQI1'EQ:E|EG:IE‘.|I'I'DJB:E|QG"(:I'FJR'IJEF Elec:rini:a:Electronna:Elactronua Elqc;:rini:a
¥ l L l v ¥ L 4

- Raadnut: Raaduut: Readout || Readout | Readout || Readout | Readout
—_— Bnard Bnard Bl:-ard H Board { Board Board Board

Fi Z

READOUT NETWORK

[N

‘ SWITCH f SWITCH | SWITCH p SWITCH f SWITCH | SWITCH

'_m__TEH Wt ey BhaL LIV E Ly 1Y

C|C|C|C|_ |C|C|C|C

o F | pi=r1

plp|r|p[|r|r|P|P| |P[P|P|P| |P|P|P|P| |P|P|P|P| |P|P|P|P
ujulu|u||ufufuul (ufujulu] Jujuju|u| (ujujuju] (Uufu]u

MON farm Event Filter farm

—— Event data
— — = Timing and Fast Contral Signals
——— Control and Monitoring data
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) LHCb Event Builder (s

X X ¥ X ¥ h 4 X

=» Push protocol using UDP over
FE FE || FE FE | FE | FE || FE |—

Eth e rn et -F B Elsctronical|Elactronical| Elacirorri:aF Elactronica||Elactronica|| Elactronica{|Elactronica

S S N N B

— = Readout || Readout || Readout | Readout || Readout | Readout || Readoyt (e
- = Bnard Bnard Board Board | Board § Board j Board

* Readoud Boards are FPGA-
Fi V4 P

based custom-cards ¢
¢ Fromt-En
=> Multi-event fragment (MEP) | UEP Reclet \\ \ / .//
. reduce overhead duetosmall || HEADOHTHETWORK

event size L
vent buildjng
=» Educated round-robin / }/ \

—3 SWITGH SWITGH SWITGH r SWITCH p SWITCH SWITGH

- Builder availability distributed
over spare TTC channel "

GCG CCCC_‘CGCGHGCCGHCCGG GGGG
- C pip|r|P{|P[P|P|P| |PIP[P|P| |P|P|P|P||P|P|P|P| |P|P|P|P
=>» Event building distributed over ujufuluf] ulululu] ju]ululu] |ulvjulu] fufulu]u] |uulufu

the HLT farm

- full events locally assigned for
processing
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@AV LHCb Design Parameters (6
TELLT

=>» 313 data sources (TELL1)

* Average fragment size ~100 B _ 1GbE
- Multi-fragment size chosen to fit 2x 1 GbE
jumbo frames &9 w 6x 1 GbE
- up to 4 GbE 10 GbE
=> 1500 builder units (HLT)
- 1GbE

=» EB rate 1 MHz

= EB bandwidth 40 GB/s
- ~35 kB/event

e
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Architecture & Requirement
Summary

Protocol

Ev. assignment
Topology

Full Event
Destination

Rate (kHz)
BW (GB/s)
Data Sources
Builder Units

ALICE
Push
TCP/IP
Static
Concentrated

Local
(Storage)

'
P

85

ATLAS

Pull
TCP/IP (UDP)
Dynamic
Concentrated

Remote
TCP/IP

3.5
5.25
150
100

Push

Myrinet

Static

CMS

Pull
TCP/IP

Dynamic

Distributed

512
8x64

Local
(HLT)

100
100
(8x) 64
HLT Farm

LHCb

Push
UDP
Dynamic
Distributed

Local
(HLT)

1000
40
313
HLT Farm
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@AV Scaling and ultimate performance

=>» Scaling

- ALICE: variable operating conditions (data size, event rates, HLT operation) — built
with large margins

- EB scales up to 7 GB/s

« ATLAS: horizontal scaling possible, not implemented. HW & SW improvement wrt
design margins

« CMS: scaling not needed. Free parameter event size — 50ns operation supported
with design margins

* LHCDb: scales with HLT farm size

Design Final Design BW Peak BW
EB size EB size (GB/s) (GB/s)

ALICE . 85 2 2 (2011)

ATLAS 100 (2x) 48 5.25 10 (2012)
CMS 8x64 720 8x64 1264 100 100

LHCDb 1500 1500 40 60 (2012)
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@ Fault tolerance

=> ALICE

* builder unit crash stops data-flow
* resilient to missing fragment
* incomplete events recorded

= ATLAS

- resilient to both missing fragments and builder crashes

* incomplete events are preserved and processed
= CMS

- resilient to full builder crashes, intermediated builder failure stops system

- missing fragment stops data-flow — recovery mechanism
=> LHCb

- resilient to both missing fragments and builder crashes

* incomplete events are dropped
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n»r-=»

@AV Handling heterogeneity @

=>» HLT farms composed by heterogeneous hardware — Event builder serve
events matching computing performance

=> LHCb

* one network, distributed event building — heterogeneity implicitly handled in event
assignment

= CMS

- sliced network — 8 parallel distributed event builders

* heterogeneity within a slice is ok

- slices have to be matched in term of computing power
=> ATLAS

- concentrated event builder distributing events over a flat network

* logical slicing — less network connections, simpler recoveries

— initially per rack — computing HW matching needed
- later pseudo-random
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Squeezing the HW e

tee ot e e =>» Push protocol and UDP —
YVersion IHL Tvpe of Service Total Length Minimize paCket drops
( Identification j Flags Fragment Offset
Time to Live Protocol Header Checksum ¢ high performance edge rOUterS

Source IP Address

=» Balancing policy for aggregate
links using event ID as hash

Destination IP Address

Data * frames from the same event are
serialized — prevent over-commit
=>» Inter-frame gap size tuning
Frame 313 IFG Frame 312 IFG o Frame 1 IFG

+ correct mismatches between
transmitter and receiver
frequencies (125 MHz=+0.01%)

T - 1 Gbit/s

| — Router
@ 6 x 1 Gbit/s 1 Gbit/s
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Squeezing the HW e

tee ot e e =>» Push protocol and UDP —
YVersion IHL Tvpe of Service Total Length Minimize paCket drops
( Identification § Flags Fragment Offset
Time to Live Protocol Header Checksum ¢ high performance edge rOUterS

Source IP Address

=» Balancing policy for aggregate
links using event ID as hash

Destination IP Address

IP Options Fadding

Data * frames from the same event are
serialized — prevent over-commit

=>» Inter-frame gap size tuning

Frame 313 IFG Frame 312 IFG s xs Frame 1

60 GB/s and ~0.1Hz incomplete
events on a relatively small network
BUT
fine tuning, long-term stability
concerns, support from HW

v manufacturers, non-standard options
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Alternatively take the hammer

Cd
1l
o

A

GTP QI [ | Fep | . | Detector Front-End Drivers ( FED x ~700 ) L] E
1 512 | &

[ e ¢~ Front-End Readout Links (~ 512 FRL ) EE— ] e

LI Lt LLLLLL
Pq 256x256 FED Router FED Data Balance (6 clos-256) ——| P4 256x256 FED Router ‘
@
— miniDAQ 8
0 «————  Data Links (2 Gb/s x 1536) §
E E
bdre ¢ P Mg | FED Builders (8x8 x 72) —— P72 :
-IIIIII TTTTTT TTTTTTT

=] w
S ( = RCT OO0 (] g
RU RU RL E
3| eirm o R () |8
EVM H b Readout Builder 1 ‘ EVM ‘H b4 Readout Builder 2 EVM {o P4 Readout Builder 8 T
T1 I T T |2
Event Nass Storage 5
Ma?‘lr;lger hh hﬁ RU"IL‘IE} Aﬂ?wc BU | || | | || | BU D |j I ” | E
DM services — — | I
— = “r

e g T = ag)

[ b4 Control&Services Network I

L 3
L 3

< phase 1 up to 50 kHz phase 2 up to 100 kHz =
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@ Conclusions

=> Unsurprisingly, LHC EB systems based on large network infrastructures
* network tuning and monitoring fundamental for system operation

=» Combinations of few basic principles
» distributed vs concentrated

* push vs pull

- static vs dynamic assignment
=> Designs largely driven by

+ overall DAQ architecture

* resource availability
=>» Different views (cultures) on hardware and data fault tolerance
- quantitative comparison?

=> In fact ...
* “Upgrade: HLT frameworks & Event Building”
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