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* Trigger less DAQ Z= L 7/zL\,
. Software Trigger Z1TUL\/ZL\,
c BIRICT—AHZINE LT,
« T—AIMNRENDIN> RigzHlTIzu,
. D EMC AR NEIL RESER TS
« BEDA KL —2(CEEEEINUSL--

DN TRIR, EATRE T DT SN,

— L‘bbaﬁé’#u L BJgE/ Front-end Electronics
iK% [EHA 9 B Clock system
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Streaming Oriented DAQ Software

- TIREIE
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DX DAQ Ziskd DIC(

. 1S :
« —X1%, BX—ZHR—bUE Xvtz—>F 13— ZeroMQ
BIRAREEBRS et E

« INITIALZE, IDLE, RUN, POSE, STOP =
o HllED - #5Z e 1iE :
H{ 2HE#E. Watchdog P DRTHRICAND DT,
...................................... .® — Fa|r|\/|Q
e J\= RIT T H5D7—FDEDIAH
« Socket programing, read(2), device driver
« S AT LDEREE
« T —AINR—2 redis



FairMQ

. GSI/FAIR D= (TR SN TS (DAQYWEIT. =1L —>3>%8D) JL—LAT—2
- ZeroMQ + State machine + #lfil plug-in + 72 < SADELADDHE

What is FairMQ?

Organize processing tasks in , consisting of independent processes (Devices),
that communicate via asynchronous message queues over network or inter-process.

-

SAMPLER

PROCESSOR

SPLITTER | PROCESSOR . MERGER |

PROCESSOR Communi ication patterns: PUB-SUB, PUSH-PULL, REQ-REP, ... . Entry
O State with an optional user handler
Foun
Ready to use devices are provided for typical scenarios. O Hlbmsee
User-defined devices can be implemented by inheriting from FairMQDevice. @ Final state
— Automatic Transition
— Manual Transition
Alexey Rybalchenko | ALICE Offline Week | 01.07.2015
’ . . .
from Alexey Rybalchenko(GSI)’s slide FiarMQ state machine

Plug-in (C X 3#L5EN RIEE



A streaming oriented DAQ software

« COLDICBHOTOTREEEINEL\DH? é redis
>Key-Value B85 —SH~X—X : redis

- FairMQ & redis Z#AEHE 5 EDTEAD?

FairMQ(core part) + redis %
> NestDAQ (Network based streaming DAQ) s/

« FairMQ DIRREEFSHEAR. R HIEER 2 =X,
- 2AREIE, FHENC (S redis Z{EFE
« NoSQL F—HAR—X/F+—)\ 1 —HI
« XEUIEM/ER
o« F— « AR=EH — #HHICERSD




NestDAQ Process #&)&

NoSOL/Key-Value B —5~X—X redis TINTDTOLZRDIREE
EEC‘: J1ﬁ|]€a:3\t_7_d\jo

FalrMQ Plugln DAQ command Tonology <y
\ Parameter ﬁ
- DAQ Service Plugin é redis
« Run control i i / Grafana
- State machine Dl :
* Run number Ds%3E ( _ Y _ Plagins )
« Service discovery DAQ Service Parameter config Metrics
- EERTEDL B ~—— /
State Machine Program Options [ Logger [ /proc/stat

FairMQ Channel

- Metrics Plugin e : /proc/self/stat
« Process DIARRIEIE Tuu -
Ser [as |

- Parameter config Plugin \_FairMQ Device

+ \= RO IS0 (5 A~ B
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E<SADEDZIEKT D

DAQ Service : Service discovery
+ 10004 EDF—TJI)VIFFES(FIHENTRV, > BEO+FEHE
- BEEZRIETIL—T L THIITEY 25X TiERIRIR T BEIN (KR T Do

« Interface, Service, Endpoint, Link

# _______________________________________________________________________
# service channel options
# _______________________________________________________________________
endpoint Sampler out type push method bind
endpoint Sink in type pull method bind
endpoint Worker in type pull method connect in Worker:0 out
endpoint Worker out type push method connect

in Worker:1 out
RIS el
# servicel channell service? channel?2 Sampler in Worker:2 out
o m m m m e e e e e e e e e oo
link Sampler out Worker in
link Worker out Sink in

Worker:100




Streaming DAQ process &N & 152

Sampler
. i%fﬁéﬁafﬂj L FEE D5 —AZ&id+t U TREER(C
XD

o

. F—4FEEYINSY TS HBF (524 us) &5
T3,

WEIA> I« —>3>

TCP/IP PUSH-P PUSH-PULL PUSH-PULL

Sub-Time Frame Builder
- Sampler h"5D7F—4% HBF &I(Ct]) LY
; ’)B\irc‘:&b‘c gub—Time Frame 75:4’?%%%59(:

(Time Frame

7
mmmmmmmmm é\%‘
uilder) NG 2 1
VO“:“ ileSin 50

SR

W a—— - Time Frame Builder
- o E#D Sub-Time Frame >—4%[E U BB &
Triger Workers (:’gt&;‘c Time Frame Z=4E D?&é??(:ﬁgf

r . S Filter/Online Trigger
3EN5I 15 3> T4 IL—>3> « Time Frame D/I&HHM5 Event ZRDITD,

Event builder (for Streaming Read Out)

S N W I ) < . Event [HRDKEICEENZT —F=ikEH Uik
» S RIXS

: « FileSink
» <GEENI » RITHOJeT =52 T 7 A )UCEL



LUT [CKDMNAZRIE Online Trigger 7012

 J}LAA logic filter
« AHICLUT F— T ILEEE L THES.
1. Low-resolution TDC / High-resolution TDC - 4ns TDC
2. Hart-beat Frame (524us) / 4ns OBEHICY—TZF 1T TL <,
3 @Eﬁ']’a:’Xij‘/LfC LUT DY true (CIRDECZBZIBLIHT,
ZIELUCTL\DEF3%Z vector (CEE8HD,

fTrig->SetTimeRegion(1024 * 128); < 1 HBF ANTZ2ESENEL G2, AEYZENTES,

fTrig->ClearEntry();

fTrig->SetMarkLen(10); <« uUns * 10 (coincidence time width)

fTrig—>Entry(0xc0a862a9, 0, 0); //DR — . - A
fTrig—>Entry(0xc0a802a9, 1, 0); //DL LUT Z5[W T true 1T 2 & 2A%RWVWHT,
fTrig->Entry(0xc0ag02a9, 2, 0); //OR Modute _Lon o0 10102 05 |04 Los Los Lor Los Lo li0lue iz 53 ia 55
fTrig—>Entry(0xc0a862a9, 3, 0); //DL AMANEQL  Ch.02
fTrig—>Entry(0xc0a862a9, 4, 0); //DR '
fTrig->Entry(0xc0a802a9, 5, 0); //DL AMANECL | Chdi HEN
AMANEQ1  Ch.06
fTrig—>Entry(0xc0a802aa, 32, 0); //UR AMANEQ1 Ch.08

fTrig->Entry(0xc0a802aa, 33, 0); //UL
fTrig->Entry(0xc@a802aa, 34, 0); //UR
fTrig->Entry(0xc@a802aa, 35, 0); //UL

fTrig->MakeTable("0 1 &2 3 & | 45& | 6 7&89 & | &"); Ch.31



B&oEUIETIX

Probe port
o (BERBYI(C| Td DAQ JOt7 X (Device program/process) (C out
éort D ét)—%tljjj‘cg5 probe o(ut port %(qu_C&%o )
« F)\WI/IARZIEEUEWESFEOTOCIMNS TET—4Y=Z2BENn3.,
« T—HAEDTTRHRED,
- DQM/Online monitor (C{EX 3.

File replayer
c EERSNE 7 AIVEFAT, BE

Device process T—SFZRED
(STFB, TFB, Filter )

TFB File player, STFB File player (C K23

- T |

Filter OFF

L o o cC > > > >

Time-Frame-Builder. Filter ORF

11



Streaming DAQ Z=[ED&E LY AT AIC BRI D50H

RCNP Grand Raiden spectrometer « Plastic scintillation counters
v - FPGA base pipelined HR-TDC with TOT x2

Drift chambers
- FPGA base pipelined TDC with TOT x8
Clock distribution system “MIKUMARI”

Software _trigger process (coincidence + a)
“NestDAQ”

XYRNT=JRLYF

‘ .
\ —“g
Y
= .,'-—.‘--.,'
ol >
N
[ ]

eb0server03

RIE1OMAE T —T I

- Streaming DAQ D&

e Z ocal Plane Detectors N-+.C. B
INBIY —)K—F v Y (GR=2.5,4.5° ) Wl —e
VME 7L —h Scattering @
AMANEQ (\,s Chamber
(EREREHSBOAIC ™ Dump-Q
HE3)

Grand Raiden (GR)

0 deg. Beam Dump 295MeV pr:

(GR = 0 deg.)
2 =




Filter process MiINDFE )

B3 5HB JHERE (T — Xz fR<)

Filter ID

- Elapse Time

— Entries 102499 Elapse
- Mean 7.5 AMD EPYC 74F3 . |Entries 102499

T ] et et SOt ES S

- Std Dev 4.61 24-Core Processor |
00 T BT 1.5~3.5 GHz e

; ; ; ; Mean 4591
. N P i | StdDev 1610
i 111 LiLjLLE i i i i

A000 [ o Filter 1Dy - B 10% -
Filter 35000 e f e g
e | Entries 102499 - ; ; =

— Mean 7.5 — i i L

- Std Dev 4.61 30000 [rmreederromsmee e e
e L e R e s S S S - s I (1 = _ : R -

i C E
BA0S [ 25000 I A | -

E - 10 = cebeenhen [P SR Ljuﬂ TSRS SRR
e B e e S 20000] o =0 iﬁw |
e e o e I AN B S 15000 - A e [ —. e | —

: : :\ \“I\I\I\IIIIII\III\\\I\\\‘\ ‘\\\
DY Y NS SN NS NS NS SN SN S S S - | | 0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

- 10000 i R S N
B385 | -

[ 5000 j ---------- - B o] T e LT T PP SRR SPEEPEREEEEEEE SESEERPREREE

o 2 4 6 8 10 12 14 16 18 20 C | |

07\ Lo ‘ L1l | | | L1 1 ‘ L1 ‘ L1 1 L1 ‘ L1
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

MS
Filter 16 process Trigger: Chl * Ch2 * Ch3 * Ch4

Round-Robin + S |p at Queue-Full TEFE 5HB 0.524*5 = 2.62ms CTUIE I Bz (C(F?
[FESNWNCEBMNDESN TS, > 5 4.5 ms I&DT. 2, 3 TOTXTUIRLERS.
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ES0 &=ipsssnsx in J-PARC HD K1.8BR

o Fudrh UtKEs. T v 2 <)LEX

« HRTDC x2 : 128 SFT | [ s LTOF(D)
« LRTDC x15 : 1920 ror RS //Jf T
- MIKUMARI X3 : 64 zE=r | Bl =

o LUT ([CLBEHFEDERIBCLS Trigger o) [l Hiin— 15T

process ﬁjﬁﬁw_ o

. DQM port H50M PUB/SUB (C &3 DQM {f T

. E3F1AH Data flow : 8 4
« ~180MB/s (Beam B FT-ON/OFFZ &1L L TC) .

« ~240MB/s (FT-ON Fj¥)

TCP/IP PUSH-P PUSH-PULL PUSH-PULL PUSH-PULL

Filter

w’ FI lter I (DatFai |Z§Ll:§ﬁg)
S ‘\’ Filter /

'I - (Time Fvame ’ H
Sampler '
4}‘! &' l FileSink
Sampler / / (Data recording)

Filter

mmmmmmm
Sampler

F|Iter

Sampler

FEM - Sampler - STFB TFB Triger Workers
(20 process) (4 process) (16 process) 14




Elapsed process time

 Trigger logic: ((D1L*D1R)+(D2L*D2R)+(D3L*D3R))*((U1L*U1R)+(U2L*U2R))
* 1 HBF Z{UE 9 DD D TZHFE

7000

6000

5000
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1000

Elapse time of the process

10*

10°

....102

10

—
IIII|

Elapse

Entries 142276
Mean 7660
Std Dev 1619
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Std Dev

100000
Mean 2.306e+04

1795
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RCNP GR/WS ES85

DIEEEZ(CIEA

ﬁ W - A AmQ-03 hit counts vs ck AmQ-04 hit counts vs ct oo
° = Y lter dD3 i - 2 DAQ controller
100N 10

= ch
1% w RUN number
10° 10° L
N \ 0 50 100 0 50 100 New value Send || +1 |[ Get | @ Auto increment at RUN Stop
¢ Eve t bUIlde ( O SI ,\O) @1 s
I I I | I S AmQ-07 hit counts vs ct Least:
- g aler- 10° scalel Start,
. 6:counts-vs- 10t 7:cou geop;

Pre-scaled unbiased data MEEg - ) e

1dle & [ Init Device and Connection | Device Ready b [ Init Task | & Ready & [ Run | b Running

\‘/_I \ I : Idle < Running
/ ( Idle <1 Reset Device | 4 Device Ready <1 [ Reset Task | <t Ready <[ Stop | < Running

B Exit

« Auto inclement Run number

State Summary

A ey - T 1/, Servi | Undefinedlo Errords (ing Device] nit- mgReset[Reserc ] o
PY l I n a r O H IJ 'f C rl 1T ervice ndefine rror[ldle] onnecting g Task Devien EXiting|last-update
AmQStTdcSampler 10 10

STFBuilder 10/ 10 o
rLl 202303

P | O W d a S h l . TimeFrameBuilder [3 3 barisac2n
S I ; | 3 3 2023-03

. fltcoin 15 16 aris 1628
- Z023-03

tidump ! ! 03T15:16:27]

Show details

« Data flow MDBJfRAL
« Software Scaler

Service|Instance|state[last-update]

Select command target

Chaase Services Choose Instances
all all
AmQStrTdcSampler AmQStTdcSampler: AmQSuTdcSampler-0
[ SS l I e a D STFBuilder AmQSuTdcSamplerAmQStrTdcSampler-1
AmMOSHTe: mQStTdcSampler-2
ficon AmQStrTdeSampler:AmQStTdcSampler-3
Hedump AMQSUTdcSampler:AmQSt TdcSampler-4

AmQStTdeSampler:AmQStTdcSampler-5
AMQStTdcSampler:AmQSt TdcSampler-6
AmQStTdeSampler:AmQStTdcSampler-7 «

My WebSacket Connection ID: 2 (Date: 2023-03-03 15:06:08)

‘WebSacket Connected ID: Date
2: 2023-03-03 15:06:08

16




RCNP GR/WS E585 software configuration

redis
Subtime-Frame-
= 1 l
Web-display
Subtime-Frame- Web-Controller (Slowdash) (SERIERIEEE Web Browser
> Sampler Builder Time-Frame-Builder Filter Event-Builder .
Scaler .
utiger Time-Frame-Builder ——»[ Filier ]—)[ Event Builder ]7 OO T VTP U TUUTPRPPRTPPSPUUTI SUPPOS Web Brower
Scaler
14 L
Subtime-Frame-
e Time-Frame-Builder ——)[ Filter ]—)[ Event-Builder ]7 n |a bdaq 0 5 (DAQ)
==l Sute Freme- L « AMD Ryzen 9 3900XT 12-Core Processor @ 3.8GHz
Scaler Time-Frame-Builder ——)[ Filter ]—)[ Event-Builder ]7 ] Memory 128GB
[ i Subtime-Frame-
Scaler
Time-Frame-Builder ——)[ Filter Event-Builder
Subtime-Frame-
= BN - |
Scaler
mﬂ Sampler Subtime-Frame- ?,4 Time-Frame-Builder ——>| Filter H Event-Builder '7
Builder §
N L
Scaler é,?"
. ¥
_>| Sampler Subtime-Frame- J" Time-Frame-Builder — Filter Event-Builder ]
Builder ; LA J
3 L
scaer AT T DAQ-PC 1
I
ST 1] AMD Ryzen 9 3900XT
m_’{ Sampier Builder T ATz = 2L AT ——P[ Sl ]—b[ Event-Builder ]7 12-Core Processor @ 3.8GHz
Scaler Memory 128GB
h 4 b

¥
[ Filesink | s ;
— ] | FileSink | FileS

(e ] | — i -1 (F|Ie server)

[ FileSink |
e » Intel(R) Xeon(R) CPU E5-2697 v2 48 Core @ 2.70GHz
|W|" e Memory 240GB
lev DAQ-PC 2 (File server)
[ Fllesink_J | Intel(R) Xeon(R) CPU E5-2697
[ Filesink | V2
ITW‘I 48 Core @ 2.70GHz
|7 v Memory 240GB 17
FileSink




Triggered DAQ N\MD@H (COMET CDC)

ST © —Y
A read-out card

for drift chamber
“Recbe”

Trigger

RECBE x 105

Qptical 1Gb Optical 1Gb

FS.com S3900
24F4S

FS.com S3900 FS.com S3900
24F4S 24F4S

FS.com S3900
24F4S

FS.com S3900
24F4S

Optical 10Gb

105to 1

DAQ PC

Triggered readout DAQ o s Aoer:

NIC: Broadcom NetXtreme || BCM57810
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Data flow throughput

Sampler

Sampler

Sampler (Time Frame Builder)

Sampler

(Time Frame Builder)

Sampler

Event size: 6156B
Number of Recbes: 96

DAQ PC
« Xeon E-2236 @ 3.40GHz 6 Cores
« Memory 32 GB
* NIC: Broadcom NetXtreme || BCM57810

1G/10G network switch
e FS.com S3900 24F4S

Maximum acceptable Trigger (Hz)

Sink
(Data checking)

Sink
(Data checking)

R EFDEZEFV,

UDS ZfER LU THI.

1200
1150
1100
1050
1000

950 |-
900 |-
850 |-

800

2 3 4 5 6 7 8 9

Number of TimeFrameBuilders

650

600

550

500

450

Event by event (C5iA T Event ID Z AfJz STFB
D Header Z#> fzSampler Z{/EB1Z1FTT. {AEMHE

Internal process communication (C TCP T2 <

Maximum Throughput (MB/s)



[l iR C R

- Data flow DEMETRHIRE
« GR/ES E585 DEF(CFLR
- HE&5< Event Builder H' Multi-part message Z/ED I ==z TIERW
MNEFE,
. ?ft 1 multi-part message &7=D 100 message FZ2E /=2 7=dH 1000 < SULV(THE
A1z,
« Event builder @73 message & Event B(CDTDDZEHT.

7 = F51=
> mﬁ*/ﬂbt£jt° Event Builders CPU

- EVB-0-cpu 2.0148
. _ 100 i Py EVB-1-cpu 2.0144
égﬁﬂ’ﬁﬁﬁﬁ . fﬂﬁ@ ok | ‘ EVB-2-cpu 2.0151

i EVB-3-cpu 2.0148
EVB-4-cpu 1.0067
EVB-5-cpu 2.0148
EVB-6-cpu 2.0144
EVB-7-cpu 2.0140
EVB-8-cpu 2.0140
EVB-9-cpu 2.0137

18:42 15:44
Sun, Jul 23 2023 +9h 20



Mini booking tool for online display

e TH1, TH2 BEDEDZ Slowdash (CER =T\,

AmQ-03 hit counts vs ct

« Mini booking tool : uhbook T
« JSON (CZ# : Slowdashify()
* redis (CEZ&1A4 : RedisDataStore

Title: Hello
Entry: 100 Title: Hello 2D
Over flow: © Entry: 10000
Under flow: @ Over/Under flow: 0 0 0
9.0e+00:0.0e+09l . 0 10000 )
6.7e+00:0.0e+00
1.3e+01:0.0e+00 | e e e
2.0e+01:0.0e+00 |
2.7e401:0.0e+00| 5.0e+01|
3.3e+01:0.0e+00 | 5.5e+01| ..
4.0e+01:1.0e+00 | # 6.0e+01| e
4 7ev0t: oerools 6.5e+01| S {
.3e+0l:l.0eH wp s n woson n n
6.00+01:3. 0c+00 | #1 7.0e+01| AT bins": { "min": @, "max": 200 },
6.7e+01:0.00+00 | 7.5e+01]| S XXX " .
7.3e+01:9.0e+00 | #HHHHHH 8.0e+01= . XRX@XKE - counts”: [
8.0e+01:8.0e+00 | #HHHHHHH 8.5e+01 - HXEEE@X++- . .
8.7e+91:1.8e+01I################## 9.0e+01| .o EXR@@HEF@X XA - . @, 9, @, @, 0, 26, 9, 1 5] 2, 2 5}
9.3e+01:1. 3e+01 | #HHHHHIHHHH ks *
1.0e+02:1.0e+O1 | ##HHtHH i.gemll ST R 3, 5, 10, 13, 12, 13, 15, 11, 8, 2,
.0e+02| B iz S SN
1.1e+02:1. 5e+01 | #HHHHHHHHHHHH
1.1e+02:8.0e+00 | #ititit 1.0e+02| - T XX@@HH@XXXH - 1, o, 0, 2, 0, 0, @0, 0, 0, 0 |
1.2e+02:4.0e+00 | #ii# 1.1e+02| <SS EXKEEEE* +++ .
1.3e+02:6.0e+00 | #HH 1.2e+02]| XXX }
1.3e+02:1.0e+00 | # 1.2e+02] Com XXX
1.4e+02:2.0e+00 | ## 1.2e+92| e
1.5e+02:0.0e+00
1 201020, 0er00 1.3e+02]| B
1.6e+02:0.0e+00 1.4e+02| c e _J SO N
1.7e+02:0.0e+00 1.4e+02|
1.7e+02:0.0e+00 1.4e+02|
1.8e+02:0.0e+00 1.5e+02|
1.9e+02:0.0e+00
1.9e+02:0.0e+00

Histogram object 21



« Streaming DAQ software framework

« FairMQ + redis > NestDAQ

« T—AZRBIEITRSEEANICHERIDIRLDICRDTE,
- BRICHERNHD D,
« BRHERIER /R FAAEER CEAE

. Triggered DAQ (CHEAT]RE

« DQM/Online monitor IREELERTE/.

o JRODREA
« Log collector
o E<ETADTOTRAD Log 2 EEH HZEHTEIET B,
« Fluentbit % z¥4fiH
 Global state OEIR & Hl1il

o AR DOTOTRXDIREBRDBED I 15%8 1% SPADI-A mattermost 7 %

« Data MELD KLY https://www.rcnp.osaka-
- HIERNAICMERS Data Format u.ac.jp/mattermost/spadi-alliance
* *ﬁﬁ%ﬁ?‘y E>0 Repository

https://github.com/spadi-alliance ,


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

