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Free Streaming Readout

Will be a future standard DAQ system

ePIC Streaming DAQ

O(100Tbps)

0O(100Gbps)

* Collision data flow is independent and unidirectional-> no global latency requirements

* Avoiding hardware trigger avoids complex custom hardware and firmware

* The “Front End Processing”, programmable hardware between the FEEs and the DAQ
computers, is deemphasized relative to the yellow report, but should not be precluded.

* Datavolume is reduced as much as possible at each stage
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» Al collision data digitized but aggressively zero suppressed at FEE =fFrontendtie "_on'cs
* Low/ zero deadtime DAM = Data Aggregation Module
* Event selection can be based upon full data from all detectors (in real time, or later) EBDC = Event Buffer / Data Compressor

Stored data volumes
~0(100Pb) per run




ALICE O?system

50kHz Pb-Pb collisions
TPC moved from triggered readout (gating grid) to continuous readout with GEMs
ALICE had experiences on hardware accelaration (GPUs) in HLT during Run?2
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Online processing in ALICE O?

Raw data decoding TPC Reconstruction Extraction of Calibration Data 8 GPU/ EPN, 250 EPNS
FLP EPN Data Compression, CTF Creation
TPC clustering, |.
TPC 7S » tracking, compression
(GPU) / Input for calibration \

\ 4

) ITS tracking
clustering Selection ) e matching
| v
. Matching
(TR0} o[ Mt
TOF >[TOF digitization, | T

compression clustering | \ to TOF /

| FIT reco
v v
MCH }—b[ MCH Clustering Residuals for LHC Clock
SCD calibration 22 phase
a TRD calibraton | CCDB
PHOS }—»{ PHOS cell ' [ Varit, To, EXB}
CPV  }=»( CPV Clustering

HMPID }

(_MmID digits |} Synchronous Processing
ZDC digits |

CTP

m
<
O
>
—
m
<
0
>
=
(o]

@
»n

‘ Compressed Raw
Input data rate Data Data

StfBuilder DPL In DPL Out fSender In or Out TfBuilder | TfBuilder Out DPL In TF writer EOS

95.668/s 95.0c8/s 93.1c8rss 91.9cass 94.0 GB/s 109 GB/s 70.9 cars 85.4 c8/s 93.5¢8/s 868 MB/s 90.4 GB/s




Online processing performance

Online clustering, tracking, PID
All are done ONLINE

Event display after online reconstruction
1TF =11.5ms,10 kHz IR — ~100 collisions
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Will be used in many experiments
ALICE, LHCb, sPHENIX, CBM, J-lab, J-PARC, etc...
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My activities: GPU processing

Kalman filter tracking

ML for pile-up identification
These works were done in 2016.

TPC Tracking
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y activities: GPU processing

Kalman filter in GPU
ML for pile-up identification

= ~100
e r/,,A\\ /,.,_. - PPN S —— A
L
| V
144 | 0
|
|
170
1241 |
‘ - 60
14
2
38 50
os|/
| Lao
06~
30
04
20
02+ 10
o T ? . Y ' 0
0 5 10 15 20 25 30
Epoch

T T
15 20

M loss (train) W accuracy (val) M loss (val)

25

Accuracy (%)

LeN ET(V’[Xtmp) Image Classification Model

Path

home/guni@NVIDIA_CUDA-7.5_Samples/deep_learningtmp/vixtmptest/1 0000.png
home/guni?NVIDIA_CUDA-7.5_Samples/decp_learnngtmp/ivixtimpiest’2/0000.png
home/guni@NVIDIA_CUDA-7.5_Samples/deep_learningtmp/vixtmpitest'3/0000.ong
home/gun@NVIDIA_CUDA-7.5_Samples/deep_learningtmp/vixtmpitest'4/0000.png
home/guniNVIDIA_CUDA-7.5_Samples/deep_learningtmp/vixtmpitest'5'0000.o0ng
home/guni’NVIDIA_CUDA-7.5_Samples/deep_learnngtmpvixtmptest'1/0001.png
home/guni'NVIDIA_CUDA-7.5_Samples/deep_learnngtmpvixtmptest’2/0001.png
home/guni/NVIDIA_CUDA-7.5_Samples/deep_learningtmp/vixtmpitest’3/0001.png
home/guni’NVIDIA_CUDA-7.5_Samples/deep_learningtmp/vixtmptest/4/0001.png
home/guni’NVIDIA_CUDA-7.5_Samples/deep_learningtmp/ivixtmpiest’5/0001.png
home/guni’NVIDIA_CUDA-7 5_Samples/deep_learningtmp/ivixtimpiest'1 0002, png
home/guni’NVIDIA_CUDA-7 5_Samples/deep_learningtmpivixtmpiest’2/0002.png
home/guni@NVIDIA_CUDA-7.5_Samples/decp_learningtmp/ivixtmpiest’3/0002.png
home/guni@NVIDIA_CUDA-7.5_Samples/decp_learningtmp/ivixtmpiest'4/0002.png

home/guni@NVIDIA_CUDA-7.5_Samples/decp_learningtmp/ivixtmpiest’S'0002.png

Top predictions

1

g

9600006600060

50000000000 R00

a : @@ s a
a :@@ s a
a @ s aE
a a3 + @
a @ :a&
a @ s a
a @ s a
ao @ -a
a 2@ @
a @ @
a @ s ad
a : @ s a
a @@ s aE
a 1@ 2ad
a @ :a&d




TPC cluster finder in FPGA

ALICE TPC clustering on FPGA | P
Xilinx Alveo u55c¢, u280
High Level Synthesis (C++)

Ken Oyama (NiAS) Yasunori Osana (Rukyu -> Komamoto)
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TPC cluster finder in FPGA

ALICE TPC clustering on
Xilinx Alveo u55c¢, u280
High Level

-] #) cfinder(in1, i...ind, in5, out)

#include *cfinder.h"
#include <

::stream<bus_t>& ini,
in2,
in3,
ink,
ins,
bus_t>&

void

#pragna HLS INTERFACE ap_fifo port=out

#pragna HLS INTERFACE axis register both
port=ini, in2,in3, in4, ins

static int tb
th+;

row_loop:
for (int r=0; r<ROWS; r++){
#pragna HLS PIPELINE
bus_t in_vall5];
#pragna HLS ARRAY_PARTITION
variable=in_val dim=1 complete

in_valle] = inl.read();
in_vall1] = in2.read();
in_val[2] = in3.read();
in_val[3] = in4.read();
in_vall4] = in5.read();

pad_t buf[TIMEBINS][COLS]
#pragna HLS ARRAY_PARTITION variable=buf
complete dim=1
#pragna HLS ARRAY_PARTITION variable=buf
complete dim=2

for (int t=0; t<TIMEBINS; t++){
for (int c=0; c<COLS; c++){
bufltllc]
in_vallt].range(cx18+9, c*1@);

B8
cluster_bus_t tmp = ©;
cluster clusters[COLS]

#pragna HLS ARRAY_PARTITION
variable=clusters complete dim=1
for (int c=LR_CELLS; c<COLS-LR_CELLS

e+
cluster cl;

cl.gtot = @,
for (int cc=-LR_CELLS; cc<=LR_CELLS
ot
for (int t=0; t<TIMEBINS; t++){
cl.gtot += bufltllctcel;

cl.sigma_p
cl.sigma_t

i i<s; i+){

( buf[illc-2]%-2 +
buf[i][c-11%-1 +
buf[illc+1lx 1 +
buf[i][c+2] 2
cl.mu_t += ( buf[@llcc+ilé-2 +
buf[1][cc+il*-1 +
buf[3]fcc+ilk 1 +
buf[4]lcc+il* 2 );

cl.sigma_p += ( buf[illc-21* 4
buf[i][c-1]x 1 +
buf[ilfcHilx 1 +

Synthesis (C++

in
[e+1] <
cl.gmax );

cl.valid = o;
cl.th th;
cl.row i

FPGA

cl.col
if (peak){
cl.valid = 1;
clusterslc] = cl;
}
#ifndef __SYNTHESIS__

if(cl.valid = 1){

for (int t=0; t<5; t++){

testfile << buf[t][i] << " ";

testfile << “\n";
¥

testfile << clusters[cl;

#tendif

1

for(int c=8; c<COLS/2; c++){
tmp. range (CD_BITS*(c+1)-1,
CD_BITS*c) =
( clusters[cx2].vali
clusters[c#2].pack() :
clustersc#2+1].pack() );

buf[illc+2]% 4 );

cl.sigma_t buf[8]fce+ilk 4 +
buf[1][cc+il* 1 +

buf[3][cc+ilk 1 +

buf[41[ce+ilx 4

)i
out.write(tmp);

Ken Oyama (NiAS)

U55C10
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Yasunori Osana (Rukyu -> Komamoto)
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LUT

/14,307 1,303,680 54.8

FF

814,623 2,607,360 31.2

BRAM

846.5 2,016 42.0




Online tracking using ML

0.1

ATLAS muon tracking Prof. Horii (Nagoya Univ.) for ATLAS

Implementation of ML-based online tracking

0.05
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Interest in contributing ePIC-DAQ

Plans for ePIC

Data processing and software trigger using hardware acceleration
(FPGA, GPU, CPU)

Vertexing and Tracking at central barrel, PID, jet reconstruction, etc...

|
EPIC Electronics / DAQ

Standard Component Names and Functions

Name Sensor Adapter Front End Board Readout Board Data Aggregation Computing
(FEB) (RDO) Module (DAM)
Sharing Detector Specific Detector Specific Detector Specific Few Variants Common Common
Function -Multi-Channel -HV/Bias distribution -Amplification -Communication -Computing Interface -Data buffering and sinking
Sensor -HV divider -Shaping -Aggregation -Aggregation -Run Control
-Interconnect routing -Digitization -Formatting -Software Trigger - -Calibration Support
-Zero Suppression -Data Readout -Clock & Timing -QA / Scalers
-Config & Control -Config & Control -Collider Feedback
-Clock &Timing -Event ID/Building?
-Software Trigger
-Monitoring
Attributes -MAPS -Sensor Specific -ASIC/ADC -FPGA -Large FPGA -
-AC-LGAD -Passive -Discrete -Fiber Link -PCle
-MCP-PMT -Serial Link -Potentially Ethernet
-SiPM
-LAPPD




SPADI-Alliance

14

“Signal Processing and Data Infrastructure — Alliance (SPADI-

Alliance)”

~80 members in total
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ASICs, FECs, streaming software, hardware acceleration

WGL. Analog (ASIC, Front-end)
WG2. Data Transfer, Timing

WG3. NestDAQ framework

WGA4. Online processing (T. Gunji)
WGS5. User Interface

WG6. Infra-structure

WGY7. Packaging


https://www.rcnp.osaka-u.ac.jp/~spadi/

Needs of online processing

J-PARC E50

~10 MHz interaction rate

Trigger-less data-streaming-type DAQ system &\
Thr eShOId'type Clock/command/timing FairMQ + e redls UO”'GCS
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Total data rate: ~12 GB/s (25 GB/spill) (E50 case) 9



Needs of online processing

RIBF
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Interest in contributing DAQ

Plans for ePIC

Data processing and software trigger using hardware acceleration (FPGA,
GPU, CPU)

Possible work items:

Run and get familiar with MC simulations
Benchmarking of:
online reconstruction (tracking, PID, etc)
event selections
usage of machine learning technique

Full system tests to evaluate computing models and estimate computing
resources

Close collaboration within SPADI-A.



