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• Designing and modeling
– Requirements from PANDA expq p

– Conditions  and Assumptions
• global clock hw signals from machine FEE operation• global clock, hw signals from machine, FEE operation

– Modeling tool and strategies ‐ systemC

• Architectures:
– PUSH‐PULL

– PUSH‐ONLY
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Requirements from PANDARequirements from PANDA

• interaction rate: 10 MHz

• typ event size 4 8 kB• typ. event size: 4 – 8 kB

• raw data flow: 40 ‐ 80 GB/sraw data flow: 40  80 GB/s

• flexibility in the choice of triggering algorithmy gg g g

• cost efficient (COTS components) 
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ConditionsConditions

• System wide clock signal

• Lack of hardware triggerLack of hardware trigger

• „burst signal” from machine: 
– 2us beam time + 400 ns idle
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FEE AssumptionsFEE Assumptions

• Front End Electronics:
– Receives precise synchronous clock signal from p y g
the central distribution system

– Continuously sampling mode of operationContinuously sampling mode of operation
• capable of autonomous hit detection

Tags data with the interaction time based on the– Tags data with the interaction time based on the 
central clock
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ModelingModeling

• Dicrete event simuation as opposed to clocked 
– State of the modeled system is analysed only in y y y
discrete moments in time when the state changes

– Analysis can lead to generation of new futureAnalysis can lead to generation of new, future 
moments of change

Best suited for architectural studies– Best suited for architectural studies 
• TLM – Transaction Level Modeling

– SystemC 
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PUSH PULL architecturePUSH‐PULL architecture 
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PUSH PULL: main featuresPUSH‐PULL: main features

• Three filtering levels leading to Event Building
– DCB local correlations (hardware)( )

– L1 PANDA wide correlation (hardware/software)

L2 PANDA wide correlations (software)– L2 PANDA wide correlations (software)

• No hardware trigger signal needed (data 
identification based on time stamps)

• Scalable: addressing scheme allows for loadScalable: addressing scheme allows for load 
and throughput balancing
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PUSH PULL: Detector Concentrator BoardPUSH‐PULL: Detector Concentrator Board
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PUSH PULL: L1 Processing Node

D t t C t t d t

PUSH‐PULL: L1 Processing Node

Detector Concentrator data

Neighbor LVL1 data (copy of DCB data) Central 
clock
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clock
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3 timeout-based processes run with the TIME STAMP rate and:
buffer0 buffer1 buffer2

pageAddress

• open Latency: allows storage of the data

• neighbor Latency: sends message to neighbor LVL1

• close Latency: closes storage and starts filtration
PANDA DAQ architecture, FE‐DAQ workshop, Bodenmais 23.04.2009



PUSH ONLY modelPUSH‐ONLY model

d l f h hModel of the architecture:

Creates physics generator (100 ns inv exp inter‐event) 

Creates 5 detectors with various sizes of data

Creates 40 DCBs (8 DCBs per detector)

Creates  40 LVL1 processing nodes, 40 LVL2 processors and 40 EB 
processors

Creates 3 Ethernet switches 

Connects all the components with 1Gbps Ethernet links
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PUSH PULL modeling resultsPUSH‐PULL modeling results
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PUSH PULL modeling resultsPUSH‐PULL modeling results

Time measured at Time measured at 
the DCB between the DCB between 
arrival of thearrival of thearrival of the arrival of the 
detector data and detector data and 
the LVL1, LVL2 and the LVL1, LVL2 and 
the EB decisionthe EB decisionthe EB decisionthe EB decision
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PUSH PULL modeling resultsPUSH‐PULL modeling results

The number ofThe number of
ti t LVL1ti t LVL1time stamps per LVL1 time stamps per LVL1 
processing node and the processing node and the 
time stamp width are the time stamp width are the 
key parameters whichkey parameters whichkey parameters which key parameters which 
allow the architecture to allow the architecture to 
scale with the amount of scale with the amount of 
data produced by thedata produced by thedata produced by thedata produced by the
DCBsDCBs
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PUSH ONLY architecturePUSH‐ONLY architecture
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PUSH ONLY main featuresPUSH‐ONLY main features

• FEE requires hardware signal (BURST START, 
BURST END)  to tag data. ) g

• Performs PANDA wide BURST BULDING
filt i (t t th h t 100GB/ )– no filtering (target throughput: 100GB/s)

• Based on ATCA standard 
– input: 432 FEE inputs, 36 FEE modules

– output: 432 CPU outputs 36 CPU modules– output: 432 CPU outputs, 36 CPU modules

– internal throughput: >= 2Gbps links
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PUSH ONLY possible wiringPUSH‐ONLY possible wiring
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PUSH ONLY: ATCA module modelPUSH‐ONLY: ATCA module model

Input ports (12)

Backplane ports (12)Backplane ports (12)

Nonblocking  
point‐to‐point p p
mesh fabrics

Output ports (12)
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PUSH ONLY: ComputeNode modelPUSH‐ONLY: ComputeNode model

Input ports (6)
We use only 6 ports (out of 
8) to provide homogenous 

data  transfer between 
levels

5 V4-FX60

Output ports (6)Output ports (6)
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PUSH ONLY wiring with CNPUSH‐ONLY wiring with CN

13*6 78 FEE 78 FEE 78 FEE13*6 = 78 FEE 78 FEE 78 FEE

6 FEE
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6 CPU

78 CPU78 CPU 78 CPU78 CPU78 CPU
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PUSH ONLY CN internal linksPUSH‐ONLY CN internal links
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Numbering of Virtexes as original but location changed to simplify wiring diagram
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PUSH ONLY: burst building latencyPUSH‐ONLY: burst building latency

16 B/FEE/int * 20 interactions * 234 FEE ports = 74880 B / burst16 B/FEE/int  20 interactions  234 FEE ports = 74880 B / burst

74,9 kB / 2.4 µs = 31,2 GB/s
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FEE level backplane links utilizationp

At FEE odd numbered bursts go via output ports, even via the backplaneg p p , p

0.53 / 2 (even/odd) = 0.26; 0.26/(12bck/6inp) = 0.13
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FEE level output links utilizationFEE level output links utilization

Uniform distribution between FEE output ports -> FEE level well balanced
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CPU level Virtex links utilizationCPU level Virtex links utilization
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Poisson Distr VS fixed sizePoisson Distr VS fixed size

PANDA DAQ architecture, FE‐DAQ workshop, Bodenmais 23.04.2009



ConclusionsConclusions
• Two architecture candidates were investigated and 
initially simulatedinitially simulated

• PUSH-PULL (burst building + filtering)PUSH PULL (burst building  filtering)
• cheaper (requires smaller resources)
• depends on filtering efficiency
• time critical (at L1)
• L1 filtering decison taken on fragments

operates without BURST signal from machine• operates without BURST signal from machine

• PUSH-ONLY (burst building)PUSH ONLY (burst building)
• more expensive (huge bandwidth installed)
• offers full flexibility in filtering decisions with 
access to complete PANDA burst data
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Conclusions IIConclusions II

In order to make simulations more realistic we• In order to make simulations more realistic we 
need more details on FEE from detector groups

partitioning• partitioning
• fragment size

time constraints in producing fragments• time constraints in producing fragments
• …
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CPU level backplane links utilizationp

At CPU even numbered bursts go via output ports odd via the backplaneAt CPU even numbered bursts go via output ports, odd via the backplane

0.53 / 2 (even/odd) = 0.26; 0.26/(12bck/6inp) = 0.13
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CPU level output links utilizationCPU level output links utilization

Uniform distribution between CPU output ports -> CPU level well balanced
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FEE level Virtex links utilizationFEE level Virtex links utilization
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PUSH PULL architecturePUSH‐PULL architecture 

Detector Concentrator Board
Detector Front-end Data

L1out L2out L3out

Switch Switch Switch 

L1 farm L2 farm L3 farmL1 farm L2 farm L3 farm
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