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- Hardware trigger H\EE(C
« Software trigger / data reduction Z U7z0Y,
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- Dynamic memory allocation
- Container class
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Beyond the socket programming
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« TCP/IP socket programing
* Pros
s RAIXRTHIEHTEZD,
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« J\Ow R, BERE(TRISIBRVKDITER
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« Non-blocking &1 LMD Know-How (time out Y2 poll/select &)
s EBHODIEEDEIR server side (FFEICIZE EMNSIRONEWTRLY,
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« IXE ZeroMQ H\?
« JEEEAIX V-2 LAYV —D—D
« 18{E7%Z TCP/IP, UDS D _LICEIH L TULB,
o RT3 DHES - TzERC U< TKUY,
« RSEODFTOVEITOEMIRTIL —A
« J\wI7 2 TZEZEZRIRKTRUL. (EWLWNRED)
« Memory allocation / free Z X< BB T I2MENH D,
« Fa—HAuoENCRBETOVITS,
« Non-blocking 2B TWBRELIEF D ENHD,
« %< D Linux distribution [CEZFE 1. Windows ZZ8HUL\A3
LAE OS TENLTLYD,
- BARBETETILMEBEEINTNS,
« AT —ZEUF1HEL\,
e ELSAEHRUTHBRERELRL. ((F97?)

« MPI KDEZEDAQICEWNTWVNBRRN T B?



ZeroMQ E%J&?)b@—%[i

| PUSH l

R4

fair | queuing
R1, R4, R5, R2, R6, R3

Event building
Thread

PUSH/PULL [C &3 |
;] il A HDDAQ & Event-builder

Ventilator

Publisher lﬂ{ PUSH/PULL (:A:é
rus PUB/SUB vasks Ventilator/Worker/Sink

) N — ~ W
- #lffixve—> § } > ASAZRITI—
ke —_—— — ,
( I Worker Worker Worker
updates updaltes updz]tes { FUSH { FUSH { PUSH
' ' ' t )
connect connect connect results
SUB ] ( SUB ] ( SUB ] v
Subscriber I Subscriber I Subscriber I PULL
Sink

fiC. BBAA Exclusive PAIR £ 3. 5



DX DAQ Ziak 9 SIC(

- iB(E
A IRARAEER :
: « INITIALZE, IDLE, RUN, POSE, STOP :

o S - Bl :
 « JREBIEHR, Watchdog ;

e J\—= RIT T T7HE5DFT—SDEDIAH
« Socket programing, read(2), device driver

> FTATHHFR (RN SD DTz, > FairMQ



FairMQ

. GSI/FAIR Of=HICHRENTULD (DAQYWEIT. =1L —>3>%&80) JL—LAT—2
- ZeroMQ + State machine + fllfEl plug-in + 72 < S ADEADMHE
What is FairMQ?

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

‘ f.  SPLITTER 4 PROCESSOR ‘ »

Communication patterns: PUB-SUB, PUSH-PULL, REQ-REP, ...

Ready to use devices are provided for typical scenarios.
User-defined devices can be implemented by inheriting from FairMQDevice.

Alexey Rybalchenko | ALICE Offline Week | 01.07.2015

from Alexey Rybalchenko(GSI)’s slide

. Entry
. State with an optional user handler
Error
Found

Q Idling state

Plugin (ZJ:%?[EEjJ\E_[ﬁg FiarMQ state machine | Q==

—> Automatic Transition

— Manual Transition




B eEBeamiiiz lC RITDFairMQd

« ES5O0 Fiber tracker & Cherenckov counter Mitg%* ELPH T 2018 fE(CfTo 7=,

- FairMQ (7788 7= EH
HUL TDC MDEfcsndr i U
BFEIDE|(C KD Time frame building
VIRNITTICKDAAEFTANIL—
FRBHIEH plug-in
“PUSH/PULL, PAIR” iB{EZ={£H
. —ICENME
e DSFELHVTWVWBREZTBEIAYE—DHRRRBZEFRRM T,

R. Honda et al. “Continuous timing measurement using a data-streaming DAQ system”, PTEP
https://doi.org/10.1093/ptep/ptab128.,

TCP/IP TCP/Unix Domain Socket

Sampler
uE (data reader)

] TCP/UDS TFB

(Time Frame TCP/UDS
Builder) '

Sink
(“read and drop” or
“read and record”)

Several Sinks

Full mesh connection and round robin network 8



J-PARC HD C®D Streaming DAQ

« IREERFHBR C DR VST EDIRER
— ZBOTOCREEET D75ENHNUL -
— Key-Value B25-—5~X—2X redis

&P redis

FairMQ + radis 2> NestDAQ (Network based Streaming DAQ)

— FairMQ & redis Z#AENBETES5EDTEAE D,

« E16/E50 ZEFI)LT —XICUTHFEMNMEA TLID,
 Pipeline front-end readout (HUL/AMANEQ + ---)
« FairMQ DIRREEFSHEM. #RHIEIER D 2 FI A
- 2B, FHlENC (S redis Z{EH
« NoSQL F—HAIXR—X/F+—)\ 1 —H
- XEVIER/EER
o F—  AR-EH - HEICERD

» redis API % FairMQ #llfl Pulg-in (C#EFAHAAT
redis W57 —FZ&HAILD. #Hlfflcnizn,
« Control

» Status monitor (Metric) S—— (fgﬁﬂ) prevwm— EEF,
- Parameter loading CIEEE




C<SADEDZEETD

NoSQL/Key-Val

DT
FairMQ Plugin

* DAQ Service Plugin

 Run control
« State machine Ml
« Run number D%TE

« Service discovery
- IESESTEDOFEENME

« Metrics Plugin
 Process (DIRREEHE

« Parameter config Plugin
. /\—ETLT@H)MB%'O)
a:)

1A

alue 85—

S5

SIN—X redis TINT
JQ/QON eI CFlilzd D,

topology  parameter

daq command \A /
k
. P
& redis —» ¢
Grafana
plugins v N\
DAQ service parameter config metrics
I .
/‘/V_ ;"proc?"stat

state machine

/proc/self/stat

ProgOptions | logger
E——
v
FairMQChannel user task

FairMQDevice

10




E<SADEDZE/RT D

DAQ Service : Service discovery

» 1000 EDF—TILFFES(FHENTRV, > BRAOFEENE
;fﬁg%_:; mIEJ)L—TJ L UTHITTCEY 25X THEGIERZ B8N (CHE

« Interface, Service, Endpoint, Link

¢ T T T T e
# service channel options

¢ g g S
endpoint Sampler data type push method bind
endpoint Sink in type pull method bind
endpoint Worker data-in type pull method connect
endpoint Worker data-out type push method connect

¢ T
# servicel channell service2 channel2

 + T T T
link Sampler data Worker data-in

link Worker data-out Sink in

data-in Worker:0 data-out

data-in Worker:1 data-out
Sampler data H

data-in Worker:2 data-out

data-in Worker:1000 data-out 11



E<cADEDZHIEHT S

RUN 1z

« DAQ Service Plugin

« redis channel Z#)F
 redis DA wtz—#EE
« Client CXYTE—%ZEXBCENEERDS,
« PUB(Publisher)/SUB(Subscriber) channel
. 1IHBOE(E “ B
» redis interface ZEDEDTHNIOAN RZFEITTE D,
« HlfE UI pEi=nTULVD, WebRX—X, redis-cli. python script

E16 RUNO Tl Ul D=

« Web-based GUI
« HTML + JavaScript + WebSocket + boost::beast
« RUN number D%TE, EHh
- JRREZEFZ 1Y > R(Idle—=>Running, etc.)

Plugin
HTML FairMQDevice
JavaScript THittpServer Q
[ WebSocket _,é redls —4| FairMQDevice
Web-base GUI
FairMQDevice | 12




Sample Ul screen

<« C O A€ 35.160.228.58:8080

DAQ controller
RUN number
Ny value

Latest : 3

State transition command

Idle * Running

Idle = | Init Device and Connection | Device Reacy = | Ini

Idle < Running

= Ready = = Running

Idle = -+ Device Ready ~ [ Reset Task | ~ Ready =

v Exit

P | < Running

a e w »

Undefined|OkError|Idle|Init—De

Jound Connecting Device—Ready|Init—TaskRead

R

t-Task

Reset-Devica|

Exiting

last—update

2022-11-16 09:59:35

2022-11-16 09:59:34

2022-11-16 09:59:35

===y

2022-11-16 09:59:34

Service|Instance state|last—update|

Select command target

Choose Services . | [Choose Instances

all all
dtdcSampler -0
didcSink didcSink didcSink-0

didc\Worker
fairmg-merger

dtdcWorker-didcWorker-0
didcWorker-didcWorker-1

fairmg-merger fairmg-merger-0

My WelSocket Conrection ID: 1 (Date: 2022-11-16 C9:4858)

WihSocket Connected ID: Date
120221116 08:48:58

Messages

Web controller

@ ™ (G DAQ status 2 - Gr:

File Edit View History Bookmarks

15 DAQ status 2 - Grafana

< C O & 192.168.16.33
-8 Import bockmarks... @el6é GG
£8 DAQ status 2 = ! 3 ®

Fiesink in (]

ssampler cutll )

caSarmpler out] ME)

na — Mozilla Firefox

Tools Help File Edit View History

15 DAQ Status - Grafana

&«

» | -3 Import bookmarks... @ e16

Filesnk 1 sum (ME)

(v} AUM numbe:

30735

g
00 r i
it LY N ¢
il 1 I
5 29 { £ )

5 Grafana

Boo|

C O & 192.168.1

(d
C

Metrics Plugin & Grafana (CKD

13



FairMQ/redis D'E CETEI DH?

= 10GbE : :
= TCP/IP : PC2 .

= PUSH/PULL

TCP/IP Worker-000 Worker-000
PUSH/PULL Worker-001 Worker-001
Sampler ‘ Worker-002 \ Worker-002
Dummy data ‘ Worker-003 Worker-003

generation

TCP/IP
PUSH/PULL

Worker-n

Software trigger farm Zi&R U 1ZIRIE TR
« 10 Gbps network THEEDPCHADIRNNTULD
« +937% Worker ZJ7OTZANMHBNIL 1150MB/s < SU\THLIENA]HE
EELELT 700 Lo Ot R =EHE
Round robin, Queue full ZIFOFIEHITEEFE (FEDO— RIS
AMESNSD,
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Coincidence trigger X0 > CHD

« TDC dummy data generator
 Timeframe 20bit x unit
« chO (C random (C Hit TDC %8 D,
« chli~ch31 (C chO + random hit Zi&&H D,
- Coincidence trigger Tt/ CHDo

« Coincidence trigger

« 20bit ([FFENAST/RAVNDT, XEUICEBHEALTY—D
7&4‘JIH_C L < %/E_C ufWTO F#

« chO &E&FEXEDE.
-ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂnﬂ
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Coincidence lrigger 3

Conf|gurat|on

Event generator N ELND T ]

Coincidence
worker

Dummy event merger CEH DT —2Z
generator V—LERLEDET

Dummy event Coincidence

generator worker
merger Sink
Dummy event Coincidence

generator worker

Dummy event Coincidence
generator worker
20 bit timeframe TDC °

Coincidence 2L (C 1 core &p/zD 2.2 ms (Xeon platinum)
> 1ns count TDC ZARE I D & 32 ch 1ms DHEARID Timeframe =4
9 BDI(C 2~3 core
> OR + AND O Trigger {LIE(C #i~+%% core K BWVWTITIFZED
-> il (S T 16



NestDAQ 1 VR ~—)LEREFEIR

o« {KTF
« C++ 17

« Redis 6.0.10
« Redis TimeSeries 1.4.18
« Grafana (optional)
« Boost 1.72.0 or later
« FairLogger 1.9.0 or later
« FairMQ 1.4.26 or later
« Hiredis 1.0.0
 redis-plus-plus 1.3.3 or later

e 1>)\1)L
« M9 5 source 512\ AILT B,
c TAAMNJEZ—>23>0E0%EFED E(FFDDTELSD,

« BRIRIE : OS CentOS 7.9 + devtoolset-8
« BESKIE C++17 DM KRS IMRF (IR -

17



/N 197 2
« https://github.com/spadi-alliance/nestdaq
« XIEHRATOHIEE., 1A M=JLRFIA> bDH

« FFIAZMIERLEIDELTND. TR—AR—Z(IHRETH

) spadi-alliance/nestdag: Astrear X 4
< C (¥ @ gihu

SPADI alliance Mi&EI & LT github
(CARELUTLD,

FI5EanEE. H1IEE

FkNH DA, AMECRD TERULA. S
B HOUTHEELS &F(E SPADI e o
alliance (C&fxI DN, FAF TIEREL I

&0,

00 DO
= A

wwwwwwwwwwwwww

IRDYAILA ~—> -
ESO *ﬁtﬂ%ﬁ@t@@ﬁ—h;z '\ 2023 NestDAQ

*’ " E ' A streaming DAQ implementation for the particle measurements

> CZTWVWAWNWAHEIZUTZLY,

Publish your first package

2 4w ® = 0

k

aaaaaaaa
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ES0 & es05%

ESO test bench setup Layout (draft) 2023&@’@

i INRGASLAND ARNA NI N

S 7 E
Pt b
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7F J .
s o L
7 S
o PRRETE R
— ] ] A N
.“’»— )

-PARC Hadron hall K1.8BR

Streaming DAQ D&Y
 1E#%5¢ TDC (TDC, HR-TDC, MPPC)D&d+it U
* Clock B> X5 /n (MIKUMARI)
« Software coincidence trigger
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o JE\I'EJ%%— L A7 —AUWE (TG U A MY — /A8 DAQ software
HFE P

. ZeroMQ/FairMQ + redis > NestDAQ

« o> < DEFEETH
« ERAEAELEFETHLTLSD,
- Coincidence ZEWBICITIRBZCHEFTELSRLVLED,

N EFE

ESpCT

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

SPADI Alliance Mattermost : https://www.rcnp.osaka-
u.ac.jp/mattermost/login?redirect_to=%2Fspadi-alliance%2Fchannels%2Ftown-square
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