1J.R. Hubbard / Saclay - CHEP97 - BerlinOPTIONS FOR THE ATLAS LEVEL-2 TRIGGER¥Data flow in the ATLAS trigger/DAQ system¥Level-2 trigger architectures¥Algorithms at Level 2 and at Level 3¥Hybrid architectures with FPGA processors¥Emulation and modellingDick Hubbard / Saclayfor the ATLAS Level-2 Trigger Groups31 institutes115 physicists and engineersRelated talk at CHEP97 by Simon George :˙ Performance requirements of proposed ATLAS second leveltrigger architectures from simple models ¨

2J.R. Hubbard / Saclay - CHEP97 - BerlinATLAS Trigger System

3J.R. Hubbard / Saclay - CHEP97 - BerlinRegions Of Interest¥ Regions of interest identified by Level 1¥ Average ~ 5 RoIs per event - 1 or 2 pass trigger thresholds¥ Only RoI data transferred to Level 2 processors¥ RoI data volume ~ few % of total event data¥ Level 2 and Level 3 data volumes roughly equal

4J.R. Hubbard / Saclay - CHEP97 - BerlinArchitecture A - FPGA Processors for Feature ExtractionL1 AcceptRegion of InterestRead Out BuffersL2A/RROI�sL2 decision

FPGA unit ( Enable ++)ROI Collector

Global Network

PERVISORCharacteristics : - FPGA processors - ENABLE ++ - Data-driven - in PUSH mode - Pipeline step 10 ms - Global farm of commercial processorsAdvantages : - RoI collection ˙ on the fly ¨ - Feature extraction at 100 kHz - Minimal latencyDifficulties : - RoI collection at 100 kHz - Limited algorithm complexity - Sequential processing ruled out

5J.R. Hubbard / Saclay - CHEP97 - BerlinArchitecture B - Local / Global Processor Farms

Local networksFeature Extraction Processor FarmsL1 AcceptRegion of InterestRead Out BuffersGlobal NetworkGlobal processor farmCaloMuonTRTSilicon

L2 decisionSUPERVISOR

L2A/RROI�s

Advantages : ¥ Reduced latency for parallel FEXDifficulties :¥ Sequential processing complex¥ Increased supervisor functionality

6J.R. Hubbard / Saclay - CHEP97 - Berlin

Network InterfaceL1 AcceptRegion of InterestRead Out BuffersCaloMuonTRTSiliconSwitching networkL2A/RL2 decisionROI�s

ISORArchitecture C - Single Processor FarmCharacteristics :

¥ Optimized for sequential selection

¥ Single switch, single farm

¥ Data concentration before switch

¥ Multiple data requests in PULL

mode

Advantages :

¥ Well-adapted to sequential processing

¥ Same architecture as Level 3

Difficulties :

¥ Data and control traffic on same switch

¥ Multiple events in each processor

7J.R. Hubbard / Saclay - CHEP97 - BerlinSend PUSH request to ROBsSend Event ROI info to NetworkReceive L2 Accept/RejectBroadcast L2A/R decisionReceive L2A/R

ROI Builder ProcessorROI distributorProcessorsStewardmiss.EtE tot

Arch. C&C�¥ Receives Level 1 Trigger data @100KHz ¥Lists ROI type, threshold, h, f¥Assigns processors as needed¥Sends ROI info to ROBs for PUSH¥Sends ROI info to processors for PULL¥Receives / broadcasts L2 decisions¥Data sent to Level 3 if L2 ACCEPT¥Paged memory released in ROBsLevel 2 Supervisor

Router

8J.R. Hubbard / Saclay - CHEP97 - BerlinLevel 2 Data FlowSwitching NetworkSupervisor

Read-Out BuffersROB to SwitchInterfaceProcessor FarmSwitch to FarmInterface

9J.R. Hubbard / Saclay - CHEP97 - BerlinTrigger must satisfy physics requirements Loose, redundant triggers Emphasize flexibilityHigh-rate Level 1 Regions of Interest (RoIs) 100 KHz Dominant at design luminosity L = 1034 /cm2/sB-physics algorithm @ low luminosity L = 1033 /cm2/s TRT full scan without RoI guidance T ~ 50 ms

10J.R. Hubbard / Saclay - CHEP97 - BerlinMuon stand-alon

thm p a t t e r n r e c o g ni t i o n a nd s @ 5 00 M I P 1 k B of d a t a o r i m e t e r c l u s t e r f i n d i n g a k a n d a n a l y z e s h a p e 1 0 0 m s I PS 3 k B f or e / g, 16 kB f o r j e t s Tr a t i o n Rad i a t i on T r ac k e r h i s t og r a m t r a w s 6 0 0 m s @ 5 00 M I PS 0 . 3 k B @ / c m 2/ s S i l i c on t r ac k e r h i s t og r a m r i p s a nd p i x e l s 8 0 0 m s @ 5 00 M I PS 0 k B @ L = 1 034 / c m 2/ s Fu l l T RT s c a n f or B s i c s f i nd t r a c k s i n f u l l v ol u m 0 m s @ 50 0 M I PS 1 6 k B @ L = 1 033 / c m 2/ e t v e r t e x t a g f i nd di s pl a c e d v e x i n R o I 2 5 0 m s @ 50 0 M I PS 3 k B 1 033 / c m 2/ s Be n c h m a r k on 1 00 M I PS p r o c or , a s s u m e 50 % d at a h an d l i n g Algorithm Timing and Data Volumes at Level 2

11J.R. Hubbard / Saclay - CHEP97 - Berlin

SupervisorEnable ++Data Collector

Switching networkL2A/RROI�sL2 decisionGlobal processor farmExample of Hybrid Architecture - FPGAs for Track Finding RoI feature extraction as in Arch. CFPGA processors for TRT full scan Full scan track find in ~ 250 ms Full scan track fits in 50 ms Track find for b-jets in ~ 1 ms Full b-jet tag in ~ 150 msRequires at least one sequential stepIncreased trigger flexibilityExpanded physics potential

12J.R. Hubbard / Saclay - CHEP97 - BerlinEnable++ for TRT full scanB-physics Level-1 trigger Single m with Pt > 6 Gev/cAdditional signatures at Level 2 for specific B decay modes Low-Pt leptons for B fi J/y + ... Low-Pt hadrons for B fi p + p

TRT full scan Time-consuming on standard processor farm ~ 50ms

50% track finding, 50% track fitting

Use FPGA processors ENABLE++

for initial track finding

Parallel Hough transformation �

histograms

All tracks Pt

> 0.5 GeV/c � 30 000 channels

Pipelined access to Look-Up-Table

Full scan execution on 2 boards in 250 ms

24 highly-complex FPGAs per board

12 Mbyte fast SRAM for LUT implementation

Can be scaled up and reconfigured as needed

13J.R. Hubbard / Saclay - CHEP97 - BerlinEmulation and ModellingDemonstrators measure technological limits of critical systems Processor allocation Multi-task operation Data collection Switch performanceEmulators verify scalability MACRAME is a 1024-node DS-link emulator Architectures Bb and C can be emulated Demonstrators can be incorporated in the emulatorPaper models find initial design parameters Talk by S. George Simplified model based on full trigger menus

14J.R. Hubbard / Saclay - CHEP97 - BerlinDemonstrator for Architecture C

Control & Monitoring(SUN Worstation)Solaris

SupervisorROB�sProcessors(Pentium PC�s)Window NT

Switching Network

L1_ID &ROI list

Algorithms

Ethernet ROI data

SynchroRouter

15J.R. Hubbard / Saclay - CHEP97 - BerlinMeasurements on demonstrator C• Event Rate: 1 kHz• Event Size: 1 kByte per source• Event processing time: 100 ms• Number of events: 105

< 2 ms for 99.5% of events

1234567Latency (ms)10-510-410-310-210-11Data andSuperv.SRC0SRC1DST0

3214Network

1234Supervisor allocates destinationDestination requests dataSource responds with dataDestination returns status

23ProtocolDST0

mean:Event Decision Latencymin:max:1.43 ms1.40 ms6.40 ms5Supervisor multicasts decisions

16J.R. Hubbard / Saclay - CHEP97 - BerlinFinal RemarksATLAS has a wide program of study to evaluate Level 2 options PUSH or PULL data flow architecture Separate or combined data and control networks Parallel and sequential processing options Data collection systems and network interfaces Processor sub-farm interfaces and controlThe Level 2 and Level 3 programs are interdependentSeveral families of commercial products under study ATM, DS-link, and SCI switching networks