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Operating conditions:
Higgs in 4 muons

I + ~20 minimum bias

All charged tracks
with pt > 2 GeV

Event Rates:
Event size:

~10° Hz
~1 MByte

Level-1 Output
Mass storage
Event Selection:

100 kHz
102 Hz
~1/1013

Reconstructed tracks
with pt > 25 GeV




Requirements and design parameters

Detectors Detector Channels Control Ev. Data
MpON BARREL CALORIMETERS B Pixel 60000000 1 GB 30 (kB)
Chambers OT) [ | b0, anatan® brass sandwen  Tracker 10000000 1 GB 650
I | | Preshower 145000 ioMB 50

R veec | /197 e ECAL 85000 oMB 100

—— IHCAL 14000 100 kB 30
Muen DT 200000 10 MB 10
Muon RPC 200000 10 MB <)
Muon CSC 400000 10 MB 90

Trigger 1GB 16

| Event size 1 Mbyte
g:ﬁgésn Microstrips Cathode Strip Chambers (CSC) on“ne 'eieeﬁon 995999%
Resistive Plate Chambers (RPC)
System dead time ~ %

Total weight : 12,500 t Overall length : 21.6 m
Overall diameter : 15 m Magnetic field : 4 Tesla
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LHC trigger and DAQ summary

No.Levels First Level Event Readout Archive
Trigger Rate (Hz) Size (Byte)  Bandw.(GB/s) MB/s (Event/s)

3 10° 10° 10 100 (10?)
w2103
10° 108 100 100 (10?)
wo 108 2x10° 4 40 (2x107)
wer 4 104
Po-7p 900 5x107 5 1250 (10?)

op 103 2x10° 200 (102)
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Trigger and data acquisition trends
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CMS DAAQ structure: 2 physical triggers ‘

Detectors

40 MHz Syl Level-1 Trigger

Clock driven Front end pipelines CUStOm deSign
Custom processors m. _¢

Readout buffers

B
Switching networks
100 kHz = High-Level Trigger
Event driven Processor farms Industry products
PC network

Level-1 output / HLT input 100 kHz
Network bandwidth 1 Terabit/s
HLT output 102 Hz
Invest in data transportation and CPU
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Lo

Evolution of DAQ technologies and structu w':;:}?*f&j

ol

Detector 1970-80: Minicomputers

L I | 1 | Readoutcustom design
First standard: CAMAC

- [T~ < kBytels

Mini
Computer

Detector 1980-90: Microprocessors

oo 1 HEP standards (Fastbus)
Embedded CPU, Industry standards (VME)

/| e == * MByte/s

LProc.
I /

Host Farms
Computer
FrontEnd 2000-xx: Networks

| SLSS : \ | IT commodities, PC, Clusters

. Internet, Web, etc.

H [ )

Filters Interconnect i GByte/s
p NebaOrE 2 Monior
._L I

T T 1 1
Processing Readout
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DAQ baseline structure

Level 1 Detector Frontend

Trigger J———— R 40 MHz
) i 0 B = 1

lTlT

Event

& Manager b Builder Networks Controls 1 Tb/s
<>
&7 M . Filter
l H : H : ! Iﬂ : " H Systems 102 Hz
Computing Services
Collision rate 40 MHz No. of In-Out units 512
Level-1 Maximum trigger rate 100 kHz Readout network bandwidth = 1 Terabit/s
Average event size = 1 Mbyte Event filter computing power = 106 SI95
Event Flow Control ~ 10% Mssg/s  Data production = Tbyte/day
No. of PC motherboards =~ Thousands

S. Cittolin CMS/PH-CMD 9



Two trigger levels

Level-1: Specialized processors

40 MHz synchronous = Detector Front-Ends
-Particle identification: il
-high pT electron, muon, jets, missing ET

- Local pattern recognition and energy

evaluation on prompt macro-granular

information from calorimeter and muon

detectors

High trigger levels: CPU farms [ [ [ [ [+ (] 1 1
- 100 kHz asynchronous farms e e
- Finer granularity precise measurement m _

- Kinematics. effective mass cuts and event topology s s e s e il e e

- Track reconstruction and detector matching
- Event reconstruction and analysis

100-1000 Hz. Mass storage
Reconstruction and analysis.

rejected 0.1 Accepted

S. Cittolin CMS/PH-CMD 10




Use prompt data (calorimetry MUON System
and muons) to identify: Segment and track finding
High p, electron, muon, jets,

missing E_

Z

CALORIMETERSs

Cluster finding and energy |
deposition evaluation

New data every 25 ns
Decision latency ~ us

S. Cittolin CMS/PH-CMD
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Level-1 trigger systems

Hadron  Electromagnetic
Er 1) Trigger Primitive Generator
y Fine Grain peak finding
yy (3888 Logic elements x 116640 crystal data)

n

r

0.017n
Trigger tower
5 x5 crystals 0017 ¢
T2 x54m x 2
Hit = 7776 towers
2) Pixel Processors
(3888 logic elements x 34992 pixel data) 0675 0087

Trigger Primitive Generator

FIagMaxof(D D D D D )

Pixel Processor

Fine grain

E, cut + Max ( ) > Threshold
AND
Longitudinal cut (H/E) H ! < 0.05
AND
Neighbors longitudinal cut n / <2 GeV
AND
One of(

ISOLATED ELECTRON

Trigger based on tracks in external muon detectors that point

to interaction region

* Low-p, muon tracks don't point to vertex
- Multiple scattering wooE W
- Magnetic deflection ﬁ.. l@ ﬂ' I

» Two detector layers Nt J
- Coincidence in‘road” . 7

S
S e

s

Detectors:
RPC (pattern recog
DT(track segment)

RPC pattern recognition
- Pattern catalog
- Fast logic

DT and CSC track finding:

- Finds hit/segments L mmamd
- Combines vectors

- Formats a track
- Assigns p, value

rauchn  Tan sielion B

S. Cittolin CMS/PH-CMD
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High Level Trigger: Event Filter farm

Lewsd1 |=]  Detector Frontend ] Eventdata parftioned
Trigger I I into about 500 separated
— memaor y units
I I
Hanager Builder Networks Controls

————— i
=50..100 kHz E;[‘;[F[? | |
archltectu|\'“ 200 Hz per BU

Es'IIIIIIIIIIIIIIIIIIIIIIIIIII

Farm of processors

ONE event, ONE processor
- High latency (larger buffers)
- Simpler /O

- Sequential programming

Massive parallel system
ONE event, ALL processors
- Low latency

- Complex /O

- Parallel programming

S. Cittolin CMS/PH-CMD 13



Technology trends

10° |
S 256 Mb
108 Memory N
L TGHz
B
8 1 10 Gb/s
2 1 |
z
1 Mb
® 106 | 1 Gb/s _
- / 10n-s
o
< 105 - ~_Data Link
(Ethernet)
10¢ | 4 Kb | |
2 MHz 4 Mbrs Fenimalees T
10°
I | I - | ~ e
1970 1980 1990 2000 2010 Year
1992. CMS Lol
1994. CMS TP 2007. LHC
2002. DAQ TDR
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Readout and computing 10 structures

1990' PCI IO and Processing systems :Commercial PCs
GByte memory I()ferr;atlng s:/stccalms;I : U:(l:xl(clslnuxz, o
264 MBS - nterfaces standards : systems (e.g. )
—E p
Dual PCI Pxx DESHGP!SEWET’
5 -~ gurrﬁntl?gﬁhitggure
264 meis | L] | 33166 Mz x 32164 bit
100/200/400 MBIs

2002 PC mother boards:

- 2 GHz dual processors

- 4 PCI-X ports at 1GB/s

- 3 GB/s memory bandwidth

- Suitable for all DAQ readout applications

S. Cittolin CMS/PH-CMD 15



Building the event (EVB)

Event builder :

Physical system interconnecting data sources with data destinations. It has to move
each event data fragments into a same destination

-

Level 1 - Detector Frontend
Trigger

Event fragments :
Event data fragments
are stored in
separated physical

k

0.08 T
memory systems £ [ 512
f|
¥ ! 02|
mi?}g&r B Builder Networks Controls e
Sizo [Bytes]

Filter
systems | Full events :

Full event data are stored
into one physical memory
system associated to a
processing unit

[ [

Computing Services

512 Data sources for 1 Mbyte events
~1000s HTL processing nodes

S. Cittolin CMS/PH-CMD 16




EVB and switch technologies

Forts

Myricom Myrinet 2000 OSSO . OROSC
 Switch: Clos-128 x 2.5 Gb/s port perZ =S ”};
- NIC: M3S-PCI64B-2 (LANai9) ‘ . CECsOED ’ ‘ __

e Custom Firmware P o9
. . (CRORCKCT) . .

0-7

Implementation : rf:r:sﬁmﬁ?tlep?ﬂﬁ; A A
wi w
16x16 port. X-bar capable g control at all stages

of channeling data
between any two ports.

Glgablt Ethernet
* Switch: Foundry Fastiron 64 x 1.2 Gb/s port “:
* NIC: Alteon (running standard firmware)

£9997?? | Implementation: Packet s
Multi-port memory system Contention‘re
of R/W access bandwidth Output buffer. Packals”
| greater than the sum of alll can be lost
port speeds v - '

Infiniband - 2.5 Gb/s demo product. Tests ongoing with a small 2x2 setup

S. Cittolin CMS/PH-CMD 17



32x32 Myrinet EVB protocols results

250 ATy R Random traffic
200 —=— EVB 1x1

—_ —&— EVB 8x8 ]

%150 —8— EVB 32x32 __/ 8x8: single stage:

s gl N <«  max. utilization: = 50%

il

9 » “— | 32x32: two stage network

50 /,-‘ y ags . 0

z L * max. utilization = 30%

3 %10 100 1000 10000 100000

"é_ Fragment Size (Byte) Working point

)

250 1 Barrel shifter

£00 I

- = =link (2 Gbps) | * Fixed size event fragments
150 —#—BS@NIC below 4k: Fragment < BS carrier
100 —8— EVB - fixed siz above 4k: Fragment > BS carrier
50 * Throughput at 234 MB/s
0 = 94% of link Bandwidth

l—-"'""'-/‘
10 100 1000 10000 100000
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Raw packets (L2 frames)

* Point to point asymptotically to 125 MB/s
» 32x32 saw tooth due to MTU

: above 10k: plateau of 115 MB/s
— —linkBW(1Gb je 92% of link speed (1Gbps)

100000

TCPI/IP

=  Point to point At 800 B: 88 MB/s (70%).
=71 | No improvement if host CPU733 -> 1000 MHz
'ﬂx3 [with Jumbo frames 110 MB/s (88%)]

» 32x32 at 16 kB 75 MB/s (60% load)

Q40 o Ps
O ) —8— 3232
020 P
Z° — [T = T T 111
o 100 1000 10000
o .
- Fragment Size (Byte)
>
Q40 — —link BW (1Gbps)
'§20 — —|— |+ = —|— —=— TCP/IP p2p H
o —e— TCP/IP EVB 32x32
00 = =55
= i

80

// A—P’
60 L
//
40 ///‘g
4’/‘
20 ]
— | L

100 1000

100000
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EVB demonstrators summary

Myrinet 2000 | GbE raw packet| GbE TCP/IP
Test bench 32x32 32x32 32x32
Port speed 2.5 Gbit/s 1.2 Gbhit/s 1.2 Gbhit/s
Random traffic 30-50% 50%, 92% 30%, 60% O
Barrel switch 94% - -
CPU load Low High High
1 Thit/s EVB 512x512 1024x1024 2048x2048
No. switches 8 128-Clos 16 256-port 32 256-port

) with fragment sizes larger than 16kB

Industry standards
Proprietary standards

S. Cittolin CMS/PH-CMD
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2 stages: Data to surface & Readout Builde

<«— Readout Builders » «—— Data to surface »

GTP EIL FED Lr Detector Front-End Drivers ( FED x ~700) i
!
1 : 512
L@—'Ijm l:]] Front-End Readout Links (FRL x 512) ‘ []
2 kByte ~
0 Data Links (2.5 Gb/s x 1024) » e
E’:i 0 ;:1 1 g‘: 2 FED Builder (8x8 switches x 64) —1—6—kByte—° §E4
FED Builder (64 units)
1 64 8x8 x 5 Gb/s switch
| L Event fragments merger
EVM mlf':j Readout Builder 1

Evant
Manager

N

—ELLLLT (LL]

[ bd Filter Farm data netwrok |

= =

*Readout Builder (up to 8)

64x64 x 2.5 Gb/s switch
Event rate 12.5 kHz

«— USC —

»
»

SCX

S. Cittolin CMS/PH-CMD

21



Builders protocols (e.g. Myrinet)

- «—— Data to surface »

<«—— Readout Builders

GTP EIL FED Detector Front-End Drivers ( FED x ~700 )
]
1 r
H]@—Eflm l:]] Front-End Readout Links (FRL x 512)
_ 1 ] ]
] 2k 4k \ |
8 Data Links (2.5 Gbls x 1024)| (7 + :
Plo (k1 |M2 FED Builder (8x8 switches x 6 :
— u
= = :
: — Random traffic
- 8x8(x2) switches
aRnnEsanal 20% load

EVM

Evant
Manager

H Readout Builder / ___I

—BLLLLT (LL]

. Barrel shifter

H Filter Farm data nemrruk

= =

64x64 switch
90% load

»
»

SCX

S. Cittolin CMS/PH-CMD
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DAQ staging : 1 to 8 RBs = 100 kHz

- «—— Data to surface »

<«— Readout Builders

GTPs5ll J[ Jreo [ ] Detector Front-End Drivers ( FED x ~700 ) L
1 512
IJ_IIEI—'E FRL l:]] Front-End Readout Links (FRL x 512) H]

0 Data Links (2.5 Gb/s x 1024)
E"I 0 I_;j 1 E;‘ 2 FED Builder (8x8 switches x 64) ' :jﬁal
—
1 64
odrroor S
EVM BE'jReadnm Builder 1 EVM Mﬁeadout Builder 2 [ EVM ‘ ‘ i“fﬂReaﬁuut E!um:tera
| B Fitter Farm data netwrok | I | | ]
U p— 1 1 sl | | ==
=] =
& § &= ¢ =B
12.5 kHz +12.5 kHz +12.5 kHz

«— USC —

»
»

S. Cittolin CMS/PH-CMD



1) Data to surface (D2S)

- «—— Data to surface »

<«— Readout Builders

GTP :: [ [ Jreo Detector Front-End Drivers ( FED x ~700 )
]
1 .
H]@—E]Fm l:]] Front-End Readout Links (FRL x 512)
0 Data Links (2.5 Gb/s x 1024)
Pdo (M1 |IM2 FED Builder (8x8 switches x 64) . [Pd6s 1
—
Data to surface:
Average event size 1 Mbyte
1 64 No. FED S-link64 ports 700
S E RN DAQ links (2.5 Gb/s) 512+512 —
- bd , Event fragment size 2 kB ‘ ‘ ‘ bd Readout B meral
H e Readout Builder 1 FED builders (8x8 dual) 64 il I e
Ewvent

Manager

[ b< Filter Farm data netwrok l

Technology(2004) Myrinet

Qi iE N

eadout

uilder 6hes. Myrinet is the default “Solution. © -

k antEFED bLﬁE@rS tec%nologles are in leﬁ: endentﬁror

SCX

N

DeC|S|on must be taken in 2004. Installation in 2005

<

S. Cittolin CMS/PH-CMD
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Il) Readout Builders (RB)

- «—— Data to surface »

GTP :: [ [ Jreo Lr Detector Front-End Drivers ( FED x ~700 )
]
1 r
H:l@—ﬁ :IFHL l:]:l o -
Readout Builders (x8):
Lv-1 max. trigger rate 12.5 kHz
RU Builder (64x64) .125 Tbit/s
Event fragment size 16 kB
5 .| RU/BU systems 64
Event filter power 10° SI95
EVB technology (2006) Open
Mo ||Pd1 (M2 | . FED Builder (8x8 switches x 64) . [Pd6s t
]
1 64 z<)
st i —EN B O
EVM G_EjReadnut Builder 1 EVM MReadout Builder 2 EVM L—E:j Readout Builder 8
el LT L L] '—*ﬂ]ﬁ]f]ﬂ:[ﬁ—[:]ﬂ]j I_’ffljj]ﬁ_ﬂ]jﬁ
H Filter Farm data netwrok l I I { ]
§§1I fI% %%%II II% %%%II II%
E v

<«— Readout Builders

Readout builders technologies are independent from the
D2S one. Decision will be taken later in 2006

S. Cittolin CMS/PH-CMD 25




8-fold DAQ 3-D design

Data to surface:

Average event size 1 Mbyte

0. FED S-link64 ports 700

DAQ links (2.5 Gb/s) 512+512

ecrvent fragment size 2 kB
EEB builders (8x8 dual) 64

Technology(2004) Myrinet

B
m—

—
Co HHCH
et

=

e

T

Readout Builders (x8):

Lv-1 max. trigger rate  12.5 kHz
RU Builder (64x64) 125 Thit/s

Event fragment size 16 kB
RU/BU systems 64
Event filter power 10° SI95

EVB technology (2006) Open

S. Cittolin CMS/PH-CMD 26



CMS On-line software : framework and subsyste

s

RCMS

Run Control
and Monitor
System

Online software architecture :

e Cross-platform DAQ framework: XDAQ

e Data acquisition components

* Run Control and Monitor System (RCMS)
e Detector Control System (DCS)

Distributed Processing
Environment

(XDAQ)
Components | % U—,

The RCMS, DCS and data acquisition components
iInteroperate through a distributed processing environment
called XDAQ (cross-platform DAQ framework)

DCS

Detector
Control
Systems

S. Cittolin CMS/PH-CMD 27



Configuration, operation and monitoring

XDAQ:on-line framework

and DAQ components: Trigger
* Services and tools for local and

remote inter-process

communication, configuration and

control and data storage

Components to build data

acquisition systems (RU,BU,EVM,..)
(C++, JAVA, 120, http, XML,
SOAP)

RCMS

Run Control
and Monitor

DCS

Detector
Control
Systems

RCMS: Run Control and

Monitoring System

Based on open protocols, web
services and emerging e-tools
too)ls (JAVA, http, XML, MySQL,

RCMS

Run Control
and Monitor
System r

Components

Cs

Computing
Services

RCMS

Run Control
and Monitor
System

Detectors ‘u

User

System

DAQ |

Components J/

Cs

Computing
Services

Event
Filter

DAQ

Components

CS

Computing
Services

Operational
Infrastructure
Services

DCS: Detector Control Systems

Based on industry supported hardware and software
(PLC, field buses, PVSS and JCOP tools)

S. Cittolin CMS/PH-CMD
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DAQ raw schedule

| ‘ | ] 200 I 2004 | 2007 | P ]
[=] Tack Name Leoralian Slart Finizh Frodecess fay s o | or frdcnrd ar Doar ctr Qerd e (e O Qs I | Cn Ol o | e O Qird e | I S 30
1 1 C25 full praduckien 250 days Apri'os Blar 30 08

25 1 Preserie &00 days Sep 102 ol EH s .

a0 2.1 Appresalideoisicn 0 days Sep 103 Sep 103 DZS prOdUCtlon
ET] 2.2 Proaiicms 80 days Sepl 03| Deo 1503 30 .

a2 23 Instal didays| Dec 2203 Feb13Ds 31 Preserles

33 24 Debugloxplafadion 280 day= Fok 1834 Jul 28088 | 32 Feb 15 '04

34 3 Firs? reacout bulldes 112.5kHZ) 120 days Feio 105 el 31 0E

3k 2.1 Proourerment {1 i 120 dav= Fob 1 0B Jul 31 0% 445F

A6 |4 Instalation 205 days  APr12°'05 Jan 19705

ay & 1 USCES ready far crate inslall Odays|  Aiay 2 08 Pilaty 2 105 .

EL] 4.2 3AQ install in USCES M0days  Apri12'05  Sep 80 Insta"a‘hon
41 4.3 BAD wslall in WS E done: wanl lor FRLFED ind U days SR B0 Sep B8R 3B

44 4.4 FOR roady lor A0 inslall U davs Jull 21 05 Jul 31 0

a5 4.5 BaQ Installarternal ineegrasen in 56K 125 days w3105 Jam 19 0S4

52 &4 0RO inslall in SCX done ODdays  Jan 18905 Jan 1506 4%

LE] 4.7 Fibers fram WEC o 22X inslalled Ddays| Dec 1230 Deg 12082

LE] 4 Commaricalion fesf LS0ECX Thdays Do 1200 Deo 23065 | 53,40

BB B Infegration/cemmesicnning Zb0days Apr&'08  Mar 2507

56 5.1 Trigoer ready tor DAG mtagratian 0 dass Anr 4 06 B 4 06 . .

BV 52 GTP=Evl commarioation 5 days Aprd 06| Gpe 1008 Rea dout |nteg ratlon & Apraio

58 5.3 GIP weadaln wia FHLS Sdays Apri1 06 s 17 08 &7 L . . [TIELR. -

L 54 Trigger detectors readaul via FALs 20days|  Apr 18906 May 1808 UCX Comm|SS|on|ng

B0 200 Ol deleclor madout readoul via FRLs Gl days | Pelay 1600 Sug ¥0S bE

61 45 General TRIDAS Doleaior inlegration 155 days Aug 80§ Mar 2607 &0

52 B On=linie saftease 1127 days Jan 703 Apr 2707 F

i n

k) ¥ TS Ready botake data (1250420 U days Spr 0¥ By 1 07 | 61 On-llne SOftware

¥

iq B L piot run loriat ee) 4l days Spor 1 90F Py 34405 | T2

5|5 LG shastdoam (tontalied SO days | May 25 05 Aug 207 T4

76 | 100G physios run Qentatiey 120 dags Aug30F | Jdan 1708 TS

i AQ integration &

e 1t DAL B0 kHz Zbdays Qi 206 Aug 2207 In e ra Ion

EE] 111 Procureman {3risy 170 days Ool208 May 2407 TAFF CX C H H H Ok 2

B0 112 Instal a5 days | May 25 05 Jul 2607 75 ommISSIonlng

B1 11.3 G 50 kHE (4 its) mnepidebug 20 days Jul 3T 0T | Aug 23707 | B0

b

B3 12 DR B0k Mz mrwing Ddays Augl3 07 Aug 2307 B
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2004 PS green barrack: Pre-series RB
-32 GII-FED emulators m:n:: ====:==: ;======= ;Im:n a;“““. Ul n e e lpl--l---“

64 FRLs [ |6 [ [E: [I2 [E2 [E: I )
13 Water cooled racks ) S gt ) ) )
- ual- M 64x64 Readout Builder

-D2S Myrinet equipment
-Readout Builder Myrinet
-16 PC Filter Farm

S. Cittolin CMS/PH-CMD 30



64 FRLs

8 8x8 FED builders

Nl 4 FRL crates

WI!] 64x64 RU builders *
T | 16 FUs Filter SF

200m fibers
W Data links

i HIE a
{ v
| g Vi
gt = L d -: =
| - = o il I 1 - - I 7
, - il
‘ﬂ REIEL I =

' B} § |
R S

FB IC3 | Cam

IIH!I/

. 41519%%1 P O
. ¢¢¢¢¢¢¢¢a&a&. T

%EEE + XDAQ, DAQ applications, Run Control, DCS/DSS, Mass storage, DBs



CMS data flow and on(off) line computing

To regional centers

control rooms

v .o ATLAS ALICE
~ Controls: s 1 Point 1 ~=z Point 2
- 1 Gbhit/s ‘ vy

10 Gbit/s

i I
_( Computing Services ) 5 Teralps :
%I?D:I?lljl;l.—l CcMS
un e
Manager




DAQ data flow and computing model

Y LHC is=tdTev  L=t0em?s’  fale
barn . ON-Line ap ~ OFF-Line
S ———py GHz ML&VEP‘ Trigger
Event rate Wp
J
mb b & : Readout
Eri z AN | Event Builder
MHz &
kHz [
N Al T % Mass Storage
Reconstruction and Analysns
Patabyte
Archive |2 e '. = = | 2,
Hz
mHz
H Distributed data and computing centers
Z
* Z,0% scalar LQ\ £, u
us ms sec hour year
50 100 200 500 1000 2000 50 — ETE: e 0% "0° 06 sec

jet E; or particle mass (GeV)
S. Cittolin CMS/PH-CMD 33




Summary design principles

- Invest in the advance of communication and processing
technologies

Computing (100 kHz Readout, HLT by PC farms)
Communication (Terabit/s networks, GB/s memories)

- Maximally scaling architecture
Exploit technology evolution
Cost optimization via staged installation
Modular system (simpler controls, error handling, smaller
basic units)

- Rely on hardware and software industry standards
Custom/standards (PCI, Ethernet, C++, JAVA, http, XML,..)
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Conclusions

The CMS design fulfils the major requirements:
v'100 KHz level-1 readout
v'Event builder:
a scalable structure that can go up to 1 Terabit/s
v'High-Level Trigger by fully programmable processors

*This design should be considered complete, but not final.

e.g. switches procured in 2008-09 can be different from those of the startup
system

It is a system that is expected to change with time, accelerator
and experiment conditions. And it has been designed to do so

*It is conceived to provide the maximum possible flexibility to
execute a physics selection on-line
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