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Streaming capable DAQ software : Concept

A Overall management

A Overall control Bottleneck -less mesh connection Load distribution
A One-to-many, many -to-one data

communication across the computers. Trigger
A Data buffering process

\ Time frame build ‘M Data store
Readout of FEE ){ w‘::: F‘)I'rr(;%gz; 2)’7
' Trigger '
- A Time frame build %\%f/’& Data store
Readout of FEE \ process /
Trigger

Multiple data storage
processes work on
multiple machines.

Readout of FEE _
Trigger

process

A More advanced communication method than TCP/IP, socket
A Universal database

EHOW to achieve these? }




A streaming capable DAQ software

To accomplish to develop the streaming DAQ, we employed the following s

A The processes communicate to other many processes

Az OMQ
A One to many, many to one communication

A Message queue works as a data buffer.
]
&P redis
Redles

A Process and state management of a large number of processes

A Key-Value database: Redis
A Memory -oriented and fast response
A Key-space notification
A Pub/Sub A It can be used for control.

A State machine and control of it
A FairMQ
A FairMQ is a experiment framework developed for GSI/FAIR experiments.

A We combined FairMQ and Redis.

FairMQ (core part) + Redis
A NestDAQ (Network based streaming DAQ)




NestDAQ Process structure

FairMQ can extend their functions by plugins.

FairMQ Plugins

SlowDash

Topology 1 ) 2N

A DAQ SerVICe Plugln o Web baesed Ul
A Run control DAQ command

A Control the state machine \ LParameter

A Set the run number -
A Service discovery é redis Grafana
Plugins T

A Semi-automatic connection configuration /

(
A Grasping the processes staluses =k

\

A Parameter config Plugin - -
State Machine Program Options Logger /proc/stat
=

A Read program option from the

command line or the database. <
A Read device initialization parameters e m
from the database.

\FalrMQ Device )




Configure the huge number of connections

DAQ Service : Service discovery

Al't s not realistic to hand write a conne
connections.

A Semi-automatic connection configuration

A The database provides information about each process names, its data channel -ports
and their connections

A Service discovery configures connections regardless of the number of processes.

Example: An arbitrary number of worker processes

Topology data on the database Configured topology structure

e e e e

# service  channel options

e e e e e

endpoint  Sampler out type push method bind [ Worker:0 out

endpoint  Sink in type pull method bind

endpoint  Worker in type pull method connect in Worker:1 out

endpoint  Worker out type push method connect H
Sampler | out in Worker:2 out

H e e

# servicel channell service2 channel2

#H

link Sampler out Worker in ; .

link  Worker out Sink in i Worker:1000 o



Readout devices and clock/time synchronization

DDR3.

Front -end electronics (FEE)

nnnnnnnnnnnnnnn

A Data transfer from FEE was used FPGA implemented
TCP/IP ( SITCP).

A They synchronize by a clock/time system(MIKUMARI).

FPGA based clock/time synchronization system A FEE handles continuous data by dividing it into a time

MIKUMARI

,,,,,,,,
nnnnnnnn

DDR3.

intervals named hart -beat frame(HBF).
A Current HBF is 524.288 us (Clock 125MHz, 16bit)

Continuous TDC data stream

TDC data of HBF Al TDC data of HBF Al TDC data of HBF

delimiter delimiter

FPGA based streaming TDC with TOT

[1Gbps/106bps TCP/IP ]

[ DAQ server ]

General -purpose data streaming TDCs for nuclear and hadron experiments in Japan
Ryotaro Honda (KEK), April 25 evening




DAQ processes and behavior

A Sampler
A Reading data from front -end electronics

— A Sub-Time Frame Builder (STFB)

— N, — :
\\\,{ Fi|ter§;§,; N o A Chopping t he data from the sampler for
v each HBFand several HBF are put

Common DAQ configuration

Sampler X TFB /“'A A Filt I

— i @:{?# - together to make a Sub  -Time Frame.
459 Sy . .

Sampler '; ime Frame //)‘{ Filter ’ recording) A Tlme Frame BUIIder (TFB)

samplr 7 e ~ EB A Making Time Frame combined from

Sanpier Sub-Time Frame data from each Sub -
Time Frame Builder

A Filter/Online software trigger

---------
----------------
-----
an?® .
. .
.* o*
o*
-

EB A Finding the good event in the time
B JRR Y- : JUR A ' frames.
| | | Ll | | .] | | || | A Event builder (EB ) (for Streaming Read Out)
| R HE I || A Extracting the data in the time near the
Detector  — ] | | B = 0 found trigger time.
Toes : : : A EB reduces the size of data.
|11 £l I | | | A FileSink
_ : : A Writing received data to the file.
Trigger Time — | pyr— '.......l ....... 7

determined by the filter process



General logic online triggering filter by LUT

ABehavior of a general combinational logic filter
A Create a logic table by calculation from the expression before the RUNNIG
state.

1. Check marks to an array of HBF length.

2. Scan the array and picking up the array index where the LUT returns true.

3. Store the index where the value changes to a vector. (edge detection)
KEY: parameters:LogicFilter (Hash of Redis)

Field Value
Trigger-signals (Oxc0a802a9 8 0) (0xc0a802a9 10 0) (0xcO0a802aa 32 0) (0xcOa802aa 33 0)
(OxcOa802aa 34 0) (OxcOa802aa 35 0)
Trigger-expression | (0&1) & (2& 3) & (4 & 5) Trigger Timing LUT
IS EEr-UACT £ (wodule [ ch [ 0o | o1 [ 02| 02 [0a {05 [06 |07 |08 |09 [10 11 |12 [ 13 | 14 ] 15|

TDC1 Ch.08
TDC1 Ch.10
TDC2 Ch.32
TDC2 Ch.33
TDC2 Ch.34
TDC2 Ch.35




First trial to apply a streaming DAQ to a actual detector

RCNP Grand Raiden spectrometer A Plastic scintillation counters
' A FPGA base streaming HR -TDC with TOT x2

Drift chambers
A FPGA base streaming TDC with TOT x8
ACl ock distribution system =N
ASoftware trigger pr oNegBAQC (cCoO
A Confirmation of the streaming DAQ

RYNT—=DRAYF

eb0server03

BRIE10MET —7 I
RBZFR>T16m

1-F.C. — ¢=

’ Focal Plane Detectors (gR=2. 5.4.5° ) Wl

Location of the
readout electronics
(AMANEQ) on the
focal -plane detector

Scattering @
Chamber

Grand Raiden (GR)

0 deg. Beam Dump

2023/03 (GR = 0 deg.) 2(95MeVIprn
0O 1 2 3m un—-polar

| —— —— Sl

2 B

First application of a streaming -readout data -acquisition system, products of
SPADI Alliance, to physics experiments at RCNP towards the standardization
Shinsuke Ota (RCNP, Osaka University), April 23 morning




Behavior of the filter

Load distribution

process

5HBF consumption duration

(w/o data transfer)

Filter 1D : Elapse Time
EntriesFllter'102499 Log scale Elapse

= Mean 7.5 AMD EPYC 74F3 = 3 Entries 102499
e "] std Dev 4.61 24 -Core Processor - i | Mean 4591

- ne N . |StdDev 1610
0o T e e s A @ 3.5 GHz 10 E
B e e e Filter 1D B merE L

Filter 35000__1 """""" i I = !

6415 [ e “TEntries 102499 - ‘ a 1L\J_LL

— Mean 7.5 - | | L

— Std Dev 4.61 81 I R
L e e S S N 1 102 = e

— Zoom view - 3 = i LPLH

oo T e L S — N B III T IR SR 25000 f """"""" - 1’““7

[ - ! ] T LTH e RS ORI
.ttt I-.-—BH i  rElB et el - /i ti' 20000 |- = | | uww |
6395; """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 15000;——7——7—77—«3 rrrrrrrrrrrrrrrrrrrrrrrr 1; I - : L] "

- - 0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
6390 ; """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 10000 :_ ........................... e S
T T e T s S ]t Ieiott ST -

= BOOQ frreervieroee

o 2 4 e - 10" 12 14 16 18 20 - ; ; : ;

7\ Lo ‘ LUl | | | L1 1 ‘ L1 ‘ L1 1 | L1 ‘ L1
% 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
m s
Filter 16 process Trigger: Chl * Ch2 * Ch3 * Ch4
The load is distributed moderately by Round - It should be processed during 5HB 0.524*5ms = 2.62ms

Robin + Skip at

Queue

global task dispatcher.

- Full algorism without a

A Itis possible to process to use more than 2 processes
because the average consumption time is

4.6 ms.
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E50 detector/DAQ test InJ - PARC HD K1.8BR

A Front -end electronics, number of channels

A HRTDC x2 : 128 channel [SF1] [ | LTOF®)
A TDC x15 : 1920 channel vorw - BT T | [torm)
A MIKUMARI x3 : 96 channel - e
. . . . @ Target ! [mT‘\ \LW @
A Combinational logic trigger process by LUT el
A Data Quality Monitor using PUB/SUB T
communication by the Probe port {f‘ L
A Data flow (at recording): N RS
A O 180MB/s (average of Flat Top ON/OFF) : 2023/06
A O 240MB/s (at Flat Top ON)

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

\/ »l 4 Filter kl et
b Sampler ‘\’ Filter /

e Frame

: L Sampler
E - ] + &' FileSink
o P | T " —" 1 b h ) (Data recording)
TV T PR o M - o e s PR Sampler llter
i+ Mﬂwﬂ’u““\”! ] sicer)
B
‘ Sy Fllter

o™

Sampler

FEM - Sampler - STFB TFB Triger Workers
(20 process) (4 process) (16 process)
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Elapsed process time and counting trends

Trigger logic: (D1L*D1R)+(D2L*D2R)+(D3L*D3R))*((U1L*U1R)+(U2L*U2R))

Rate Moniter:1 \

2000

o

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 -
us aor

400
Elapse time of the process
Log scale Elapse
10% i ko) Entries. 142276
= Mean 7660
- Std Dev 1619
7000= = Software trigger process time of 1 HBF
- B . 7.6 ms /524 us=14.6
6000~ 0% «- A over 15 processes were required
- = | ! ! ! ! ! ! N_trigger Trend
5000— B Trend
— — i Entries 100000
— 100 i | mean 6.056e+04
L 10 - Std Dev 591.6
1000 " F —>
- - | 80 Sink) ="2:3s(Spill'gate length)
3000 — - : : ! : . .
3 L] R S b T e T 60
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5 5 20 e il
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RCNP GR/WS E585

Appling a real physics data

2023/07 [ Two server PC configuration ]

taking on Grand Raiden
A General logic trigger filter — — . | [ |
A Event builder (for SRO) — = . —
H H semeler Euilder 9 Time-Frame-Builder — Filter Event-Builder e eb Brower
A (Ij?ecordlng pre -scaled unbiased = 9 L = }
Bl o —— e g
ata seal g: Time-Frame-Builder ——»[ Filter ]—)[ Event-Builder ]7
A Software scaler T e L
A Web U . —— et T S
A DAQ controller = . -
A Online monitor by  SlowDash * o — DAQ server
A Data flow visualization = 242?: e === 12 Core @ 3.8GHz
A Software scaler A , r w
A Issue flag display oo I — AMD Ryzen § 3000XT
m"i Sameler |_’| L,”dswer Time-Frame-Build ——ﬁ Filter ]—)[ Event-Builder '7 12_Coriﬂz$2?;igr€s(§53.aGHz
[ FileSink
| FileSink ‘ FileSink
| FileSink
[ FileSink
—
[ FileSink _
E 2. J g [ Filesink File server |nrefgﬁizgnférgisuegse-rz)ew
i . : '“ o :" | FileSink v2
2T | L 48 Core @ 2.70GHz temory 24008

* SlowDash : A web tool for control and monitoring of concurrent systems
Developed by Sanshiro Enomoto , University of Washington 13
https://github.com/slowproj/slowdash




Topology configuration data of RCNP E585

H +H
ﬁ service channel options ﬁ servicel channell service2 channel2
link Ar_nQ?tercSampler out STFBuilder in
# Sampler ) link MikuTdcSampler out MikuSTFBuilder in
endpoint Ar_nQ?tercSampler out type push method bind link STFBuilder out TimeFrameBuilder in
endpoint  MikuTdcSampler out type push method bind link STFBuilder dgm Scaler. in )
link MikuSTFBuilder out MikuSink in
# STF ) ) link TimeFrameBuilder out fltcoin in
endpoint  STFBuilder in pe pull method connect link TimeFrameBuilder decimator DecSink_ in
endpoint  STFBuilder out pe push method connect autoSubChanneltrue link fltcoin_ out EventBuilder in
endpoint  STFBuilder dgm type push method connect link EventBuilder out FileSink in
link Scaler out ScrSink in

endpoint  MikuSTFBuilder in pe pull method connect
endpoint  MikuSTFBuilder out t)t/ype push method connect

# DQM

endgoint Scaler in pe pull method bind

endpoint Scaler out pe push method connect

#TF : : : :

endpoint  TimeFrameBuilder in pe pull method bind

endpoint  TimeFrameBuilder out pe push method connect autoSubChanneltrue

endpoint  TimeFrameBuilder decimator type push method connect

#flcoin The option to use strict round -robin

endpoint  fltcoin in e pull method bind istributi ' -to- i

endBoint fitcoin out ppeppush method connect autoSubChanneltrue distribution Wlth peer o pe(_ar connection  for
cB time frame building

#

endpoint  EventBuilder in pe pull method bind

endpoint  EventBuilder out t¥ype push method connect

# Sink

endpoint  FileSink in type pull method bind portRangeMin 22001 portRangeMax22100

endpoint  MikuSink in type pull method bind portRangeMin 22201 portRangeMax22300

endpoint  DecSink in type pull method bind portRangeMin 22401 portRangeMax22500

endpoint  ScrSink in type pull method bind portRangeMin 22601 portRangeMax22700
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Trial to read a triggered DAQ (COMET CDC)

Trigger

It works fine with a Sampler that reads
data as -event by even
ID instead of the time  -frame ID.

RECBE x 105 _
Optical 1Gb Optical 1&b

FS.com S3900 FS.com S3900 FS.com S3900 FS.com S3900 FS.com S3900

24F4s 24F4s 24F4S 24F4S 24F4s

FS.com S3900 24F4S Optical 10Gb

A Event size: 6156B

e A Number of FEE: 96 w/o data recording
DAQ PC e L A R B S B R
Xeon E-2236 @ 3.40GHz : : ; : ‘ : :
Memory 32 GB 1150 650

NIC: Broadcom NetXtreme || BCM57810 1100

N _
P &
Q =
o =
:\ 1050 °00 é
5 =3
" Recbe  mpl Sampler g oo ey B
_ Sampler TFB Sink 8 950 _ -------- ------- ------- o ------- o ] =
e —— (Time Frame v (Data checking) g Q0 T e T e - 500 é
> : E : E E : E : =
L el T N s E BSOF x
: u lg&lgg)me (Data checking) g 800 I i i i | i i i 450 =
__Recbe Sampler 1 2 3 4 5 6 7 8 9 10
T

Number of TimeFrameBuilders



E50 detector/DAQ test 2 nd trial at 2024

1000 = BDC

We are taking beams intheJ -PARC Hadron Hall Bl ===y
from April 12 ™ to May 27 . [rorwy 17 f//fnh“’”“’
[Torge] L | ]
We are trying to improve the streaming DAQ. FLE()—_t |
A Improved clock/timing system {T L J U U
A Improved communication format * 1
A 2nd online filtering and data taking for 2 nd online .
fllterlng study Detector Front -end electronics Number of Number of
A TOF modules channels
A Tracking Clock/time system (MIKUMARI) 4 128
A Introduction of GPUs TOF FPGA HR-TDC (AMANEQ) 2 128
[ ond gnline filter Drift chamber FPGA TDC (AMANEQ) 15 1920
Fiber tracker MPPC readout FEE (CIRASAME) 18 2304

‘IIIIIIIIIIIII..

N 2nd Filter

(Time Frame LogicFilter v EB S~ /- 2nd Filter ..
Builder) v'_‘ N < M’H ‘ FileSink
\\/ Lol }\\'lz EB 2::'1’/:7{ 2nd Filter “'/ (Data recording)

'; 7 X7 K~ ‘
“'H\ 2974 S ‘é{' %H $
War s 2o Z;Y/&Z':'A ond Filter Q:’:’/

-\\
7
/A

’I). TFB SV)'AY. LogicFilter I EB S, 0% %
ampler l ed H Hli'é X H (Data recording)
— _ /;'A A\ LogicFilter // \\ EB //A“§ 2" Filter I

7

= 2nd Filter
A J

Y pssssssnnnnnn®




AThe development of a streaming capable DAQ software framework
"NestDAQ " based on FairMQ and Redis is in progress.

AWe had some experience with DAQ using this framework.

A We were able to acquire data in several detector systems, including the acquisition of
physics experiment data.

A The software part of the DAQ can be used not only for streaming DAQ but also for
triggered DA('f.

A 1t also works with DQMs or online monitors.

ATo do or in progress

A Log Collector
A How do we manage many logs from many processes.

A We are evaluating popular log collectors such as Fluentbit .
: : : . . \
A Organized data handling for inter  -process communication. ““0“-
A More effective and advanced online trigger filters uy atte
ATracking, GPU processing, 0 fo\‘vo

AGood UI 0o

T\‘\a“‘( V 17
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A streaming capable DAQ software

AHow do the processes communicate to other many processes
A ZerOMQ QMG

AHow do we configure the state machine and how do we control state?
A FairMQ

AHow do we manage a large number of processes
A Key-Value database: redis

A What if we combine FairMQ and redis ?

FairMQ(core part) + redis
A NestDAQ (Network based streaming DAQ)

A We employed the state machine and controlled system from FairMQ.
AWe usedis®- for the overall management
A NoSQL database / Key -Vale type
A Memory -oriented and fast response r

A Key-space notification A It can be used for control.




Process units

AHart -beat frame (HBF)

AProcessing time unit determined by the FE and Clock
synchronize/distribution system.

AFE processes data by the time in units of Hart -beat frame.

ASub-time frame (STF)
ASub-time frame is the unit for data transfer. It includes several HBFs.

ATime frame (TF)
ATime frame is
AFilter (Online Trigger)
AEvent build (tentative  name)

21



DAQ process configuration and connection

A Sampler

Common DAQ configuration A Reading data from streaming front  -end
electronics

A The data have hart -beat Frames ( _HBF% to
. - separate time period. The current period o
Buider) XA \ F"efg‘k HBF Is 524 us.

— S g% A Sub-Time Frame Builder

! ‘ XX
Builder, :
Sampler ) 5 FileSink

% AR i Y A Thehdﬁtg |:fromdthe sarr?plfetrhis cut out f(t)r
sampler e N eac . and several of them are pu
— g” e A—— together to make a Sub  -Time Frame.

p— A Time Frame Builder

A Making Time Frame combined from Sub -
Time Frame data from each Sub  -Time
Frame Builder

3 stage N column parallel configuration A Filter/Online Trigger
=3 ) =T A Finding the good event in the Time Frames.
e T a=m A Event builder (for Streaming Read Out)
e N ST A Extracting the data in the time near the
o " —— found event time.
(]
° A FileSink
| saroer g WNSTEENN) g Fesnk |

A Writing received data to the file.

22



............................................

Detector
TDC

Trigger Time ‘ ‘
detect by filter process ; : :

...........................................
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RCNP GR/WS E585

App”ﬂg a real physics data taking EmmEs

AmQ-00 hit counts vs cf AmQ-01 hit counts vs ct AmQ-02 hit counts vs ct

10° | scaler:Scaler- 10° . scaler:Scaler- 1) So———— scaler:Scaler-

108 [ 0:counts-vs- 10 1:counts-vs- 10 2:counts-vs-
ch 3 ch ch

102 10

General logic trigger filter - - I

=
15}
©
=
o
>

.
AmQ-03 hit counts vs cf AmQ-04 hit counts vs ct AmQ-05 hit counts vs ct
B0 S — e scaler:Scaler- 108 scaler:Scaler- 108 scaler:Scaler-
4 L 3:counts-vs- 104 4:counts-vs- 104 5:counts-vs-
107 ch ch ch
. . 10°f 10%f n?
Recorai 1J pre -Sscailead unplase ata X - who | paqconmler
0 50 100 0 50 100 RUN number
New value: Send |[+1 |[Cet| B Auio increment at RUN Stop
AmQ-06 hit counts vs cf AmQ-07 hit counts vs ct e
108 scaler:Scaler- 10— fl//‘ S Stare.
104F 6;‘counts-vs- 104 7 swop
2 € 5 © State transition command
10°F 10°F
10° ! i 100 ; : 1dle B Running
0 50 100 0 50 100 nd Connestian | Device Ready B | Init Task | B Ready & [ Run | B Running
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1ale [ Reset Devics | < Devics Ready < [Raset Task | <@ Ready < [5op | < Running
‘ ! u p at‘ [# SlowDash-230724..png  ~ [8 SlowDash-230724..png  ~ [8 SlowDash-230724..png  ~ [# b Exit

Auy state b End | & Exiting

A Auto inclement Run number -

Service N{Uindefined O E rror Tl 2 | ting e e o Dot |

C 10

A Run a device control script when the run = :
starts and stops - _ 1= :
Online monitor by  SlowDash
A Data flow visualization
A Software scaler
A Issue flag display

Show deisis

Service]lnstance[statef ast-update]

Select command target

Choos Sennces Chooss instances
all all

Am MO T
STrTuder AmQEuTHESam e ANSITY
Am

fcon
Mg

AmQstTde rAMQSH TdcSampler-5
AmQStTdeSamplerAmQSkTd:Sampler-7 «

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

WebSocket Connected ID: Date
2 13-03 15:06:0¢

24




Just a little ingenuities

Probe port File Replayer
A All DAQ processes (Device process) have : :
a probe g)oort that pr(gvides thpe same)data AFile Replayer can read data files and
as the out port. process the data again in the same
A Grab the data from any process while the sequence as it was taken.

debugging and understanding the situation.

A The data can be streamed separately.
A 1t can be used for DQM/Online monitor.

Development using TFB File player and STFB File player
Development of a filter program

(STFB, TFB, Filter ) Player

Development of a Time -Frame -Builder and a filter program

‘ Dump
Debug info.
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Trial to read a triggered DAQ (COMET CDC)

—Reche® i s a
channel read -out
card for drift
chamber.

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 Nomory a0 o oz

NIC: Broadcom NetXtreme || BCM57810
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Data flow throughput

Sampler . . .
{ — \ It works fine with just a Sampler that reads data
SN TFB Sink as -~event by event©° with t
[ Sampler ~“\(/ (Time Frame Builder) v (Data checking) the time -frame ID.
Sampler ‘H : i .
[ : A T A S;]nkk_ UDS was used for internal process communication
[ : SRR (Data checking) instead of TCP/IP.
Sampler

| Sampler

w/o data recording
L e

1150
1100
1050
1000 . . . . | . . .
- A=k
950 =

96 FEE and 96 Samplers
650

Using One DAQ PC
600

A Event size: 6156B
A Number of Recbes: 96

Maximum acceptable Trigger (Hz)
Maximum Throughput (MB/s)

ADAQ PC 900 I S S S o o S S S _
A Xeon E-2236 @ 3.40GHz 6 Cores - H 500
A Memory 32 GB 850 F SRR R s e e
A NIC: Broadcom NetXtreme Il BCM57810 300 | | | i | | | i 450
A 1G/10G network switch 1{ 2 3 4 5 6 7 8 9 10

A FS.com S3900 24F4S
Number of TimeFrameBuilders 27
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DAQ controller

RUN number

New value: [Send]
Next: - )
Least:
Start:

Stop:
State transition command

Idle B> Running

Idle B> [ Init Device and Connection | Device Ready B> | Init Task

Idle < Running

Idle <[ Reset Device | <1 Device Ready <[ Reset Task | < Ready <1 [ Stop | < Running

B Exit

Any state > [ End ] B> Exiting

State Summary

+1 |[ Get | @ Auto increment at RUN Stop

t> Ready B> | Run | &> Running

DAQ control

Service N|Undefined Ok Error{Idle DI:V‘I‘M Initialized/Binding/Bound|Connecting| ];i‘:;;' ;‘;‘s‘k Ready/Running Re::]:' [1}:‘5:; [Exiting| last-update
|AmQStrTdcSampler{10 10 égﬁ;ﬁ’e‘zg
23-03-
STFBuilder 10 10 égﬁsojs 27
23-03-
TimeFrameBuilder [3 3 égﬁsojs‘za
fitcoin 16| 16 ggﬁsois 28
tfdump 1 1 égi_ﬁ-so ?-6 :27
f Show details

[Service[Instance/state]last-update]|

Select command target

[Choose Services [Choose Instances

all all

AmQStrTdcSampler AmQStrTdcSampler:AmQStrTdcSampler-0
STFBuilder AmQStrTdcSampler:AmQStrTdcSampler-1
TimeFrameBuilder AmQStrTdcSampler:AmQStrTdcSampler-2
fitcoin AmQStrTdcSampler:AmQStrTdcSampler-3
tfdump AmQStrTdcSampler:AmQStrTdcSampler-4

AmQStrTdcSampler:AmQStrTdcSampler-5
AmQStrTdcSampler:AmQStrTdcSampler-6
AMQStTdcSampler:AmQStrTdcSampler-7 «

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

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

Enomoto (Washington U.)
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General logic online triggering filter by LUT

ABehavior of a general combination logic filter

fTrig
fTrig

fTrig
fTrig
fTrig
fTrig
fTrig
fTrig
fTrig

fTrig
fTrig
fTrig
fTrig

fTrig

->MakeTable ("01&23&|45&|67&89&|&");

A Create a logic table by calculation before the RUNNIG state.

1. Low-resolution TDC /High -resolution TDC A 4ns TDC

2. Check and add marks to an array of HBF (524us/4ns) length.

3. Scan the array and picking up the array index where the LUT returns true.
4. Store the index where the value changes to a vector. (edge detection)

- >SetTimeRegion (1024 * 128); a 1HBF
->Clearentry ();

“>SetMarklen (10), - & 4ns* 10 (coincidence time with) voave Lo L oo [o1 [02 [ o3 [ 4 [os [os [o7 Joe Joo [so [ua [2 [ 13 Lae s
- >Entry(Oxc0a802a9, 0, 0); //DR
TDC1 Ch.00
- >Entry(Oxc0a802a9, 1, 0); /DL
- >Entry(0xc0a802a9, 2, 0); //IDR UpEs Gk, ]
- >Entry(Oxc0a802a9, 3, 0); /DL TDC2 Ch.05
- >Entry(Oxc0a802a9, 4, 0); //[DR TDC2 Ch.08
- >Entry(Oxc0a802a9, 5, 0); /DL

- >Entry(Oxc0a802aa, 32, 0); //UR
- >Entry(Oxc0a802aa, 33, 0); //UL
- >Entry(Oxc0a802aa, 34, 0); //UR Ch.35
- >Entry(Oxc0a802aa, 35, 0); //UL
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Mini booking tool for online display

A SlowDash is a visualizer on the web browser. =
A Itis developed by S. Enomoto , Wasinton U.
A It can display trends and histograms from the values on the database. i

A Display histogramto  Slowdash from DAQ processes S s
A Similar interface of TH1, TH2 of ROOT. : Slow
A Mini booking tool:  uhbook TR e S
A Converting function to JSON:  Slowdashify () o )
A Data store function to the redis DB: RedisDataStore

Da

o

sh

Title: Hello ]

Entry: 100 Title: Hello 2D

Over flow: 0 Entry: 10000

Under flow: 0 Over/Under flow: 0 0 O

0.0e+00:0.0e+00| : 0 10000 0

6.7€+00:0.0e+00)| -0 0 o

1.3e+01:0.0e+00| !

2.0e+01:0.0e+00|

2.7e+01:0.0e+00| 5.0e+01|

3.3¢+01:0.0e+00)| 5.5e+01| ..

4.0e+01:1.0e+00}# 6.0e+01| T {

304011 Der00ps 6.5e101] o

-3e+01:1.0e+ "y ", [P TR n ",
6.00+01:3.0e-+00} 7.0e+01| AR bins": { "min": 0, "max": 200 },
6.7€+01:0.0e+00)] 7.5e+01] . XXX " "

7.3e+01:9.0e-+00|###HHHHHH 8.0e+01] - - HXTX@XF - counts”: [

8.0e+01:8.0e+00| it 8.5e+01| . -+ X@@@ @t

8.7e+01:1.8e-+OL|HHHHEHHHHHHHHEHHHH 9.0e+01]| . X @ @ @ XX+ 0, 0, O, O, 0, 20, O, 1, 2, 2,
9.3e+01:1.3e+01 [t Lk "

1.0e+02:1.0e+0L|#HHHHH#H## 9.5e+01] ’ X* fisiisit ++;" 3, 5, 10, 13, 12, 13, 15, 11, 8, 2,
1.10+02:1.5e+0L [HHHH#HHHEHHHHHHH 1.0e+02 - T QHHHQM..

1.1e+02:8.0e+00[## 1.0e+02] : -~ XX@@#H@xx+ 1,0,0,2,0,0,0,0,0,0]
1.26+02:4.0e+00[#### 1.1e+02| . - Q@@ @*+H+H.

1.3e+02:6.0e+00#H##HH### 1.2e+02| . XXX - }

1.3e+02:1.0e+00}# 1.2e+02| . - XXX

i-‘s‘ﬁggig-gﬁggl## 1.2e+02| R

.5e+02:0.0e+

1 5ar0210.00100] 1.3e+02| . e

1.66+02:0.0e+00| 1.4e+02| e JSON
1.7€+02:0.0e+00| 1.4e+02|

1.76+02:0.0e+00| 1.4e+02|

1.8e+02:0.0e+00| 1.5e+02)

1.96+02:0.0e+00|

1.96+02:0.0e+00|

Histogram object 30
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Elapsed process time and counting trends
A Trigger logic: (D1L*D1R)+(D2L*D2R)+(D3L*D3R))*((ULL*U1R)+(U2L*U2R))

I leypee tinme 1 remal

Elapse time of the process

cale Elapse
e T Entiies | 142276

Mean 7660

Std Dev 1619

—
]
<£2

104

10° s e 0 A
Software trigger process time of 1 HBF

. 7.6 ms /524 us=14.6

... A over 15 processes were required

7000

6000 “ 102

N_trigger Trend

Trend
i Entries 100000
i | mean 6.056e+04
Std Dev 591.6

1 ) '2"(2'"“g'F‘iI‘eSin'kg)“:"Z'.'3‘S"§(‘Spi'II"'g'atge'ie'n'gth');‘

5000

100

10
4000 -
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3

AData flow T3 O

AGR N~ 4

A® ' v EventBuilder X Multi-partmessage ~ . ~ 1 7 79
5" |
A™ 7 1multi -partmessage © . 100message X 1000 w. 7~

1

AEventbuilder ©~ A J message ~ Event ~ 4i_  ~ ~ 1

AA 1 AR . 2 1 _ Event Builders CPU

i EVB-0-cpu 2.0148
100} : » oA EVB-1-cpu 2.0144

‘ EVB-2-cpu 2.0151
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

80|

60}

40,

':-i ,I. i

13:42 18:44
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ATriggerlessDAQ ~ =~ 1
ASoftware Trigger ~ A 1

Al " AnM~ R

ANnMY 441 ~“wva 91
AT yYdAY141~4 - ~ 8
A 5 MA4nv~’ - "0

A A 4i 1 RO T P W |

z a AT " Front -end Electronics

Z Tf " N0~ Clock system

z & A" a4 p..4. " NdAYA11k Software trigger "
d11° p VY VA
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Streamlng Oriented DAQ Software

ATWI\J MA4TAYNY 4V Y 1 T
Ao ~~ 9 1N i N1~
A VT AdN

5 Q /
Time frame build <

‘V

Trigger \l

A TCP/IP, socket ~ J~ = |

AObw6bD'H3UBGgT Y?

AAnvynM

Tri gge r\l

\

rigger \
H' A. KxR
“"'r Trigger \

‘&Tmfmbm A‘L” 1. KB
7

N7

» A ZeroMQ
A redis

igger \I
A -4=

9 AnV N4 N M
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DAQ process configuration and connection

Common configuration

TCP/IP

PUSH-PL PUSH-PULL PUSH-PULL PUSH-PULL

Sampler
(data

TFB Filter
\\/, W vl'_t\ FilSink
' % \\ l} Fllter " rec(ording)
Wi 9 XA
}'I[.‘ (Timl:i?ame é‘;#é FI Ite ! ":‘
7 S

Sampler

Sampler

FileSink

, 4", / ’\ ‘ ’ (Dal‘a
Sl ll"\ / “ 8 " recording)
Sampler II\ (Time Frame ) <‘ Z:zer r

ilter

, )

Sampler

Triger Workers

3 stage N column parallel configuration

Sampler FileSink

Sampler FileSink

Sampler FileSink

Sampler FileSink

Sampler
A Reading data from streaming front  -end electronics
A The data have hart -beat Frames ( HBF) to separate time period. The period
of HBF is 524 us.
Sub-Time Frame Builder
A The data from the sampler is cut out for each HBF, and several of them are
put together to make a Sub  -Time Frame.
Time Frame Builder

A Making Time Frame combined from Sub
Time Frame Builder

-Time Frame data from each Sub

Filter/Online Trigger
A Finding the good event in the Time Frames.

Event builder (for Streaming Read Out)
A Extracting the data in the time near the found event time.

FileSink
A Writing received data to the file.

#.
# service channel options
#.

endpoint AmQStrTdcSampler out
endpoint STFBuilder in
endpoint STFBuilder out
endpoint TimeFrameBuilder in
endpoint TimeFrameBuilder out
endpoint FileSink in

type push method bind
type pull method connect
type push method connect autoSubChannel true
type pull method bind
type push method connect autoSubChannel true
type pull method bind

H* H*

servicel chan nell service2 channel2

**

STFBuilder in
TimeFrameBuilder in
FileSink in

link AmQStrTdcSampler out
link STFBuilder out
link TimeFrameBuilder out
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m DAQ s 41 ARDz#U

AT | . .
A1 N 1 N 1 NV nA TNV MYnMi1n ZeroMQ

“IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII..

A 0

AINITIALZE, IDLE, RUN, POSE, STOP
AN k N
I Watchdog

QA EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER?®

‘IIIIIIIIII..

T>o

.lllllllllll’

AMn1” " "o > Anw & -
ASocket programing, read(2), device driver

A A ~ v 1 A FairMQ
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A A software framework to develop for GSI/FAIR experiments(it includes DAQ, analysis,
simulation)

A ZeroMQ + state machine + control plug -in + many peripheral projects

What is FairMQ?

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

SPLITTER MERGER |

| PROCESSOR ! m
PROCESSOR

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

. Entry

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

— Automatic Transition

— Manual Transition
Alexey Rybalchenko | ALICE Offline Week | 01.07.2015

O State with an optional user handler

from Alexey Rybalchenko ( GSI ) s sl i de FiarMQ state machine

It IS possible to extend functions with plug -Ins.
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topology  parameter

daq command \A l /

* & redis — 5

Grafana

(plugins v N\
DAQ service parameter config metrics

= 2

DAQ command
Topology
\ Parameter
&B redis

Grafana
(( \ 4 Plagins
DAQ Service Parameter config Metrics
I I
v v
State Machine Program Options Logger Iproc/stat
/proc/self/stat

FairMQ user task
FairMQDevice

- - /proc/stat
state machine ProgOptions || logger /proc/self/stat
N + — | |

[
l N\ | *
?yUser Task

FairMQ Channel

J

\FairMQ Device
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Filter worker
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Subtime -frame length dependency

Elapse Time

Elapse Time
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v

Time - Frame Builder

One process CPU load at 3 TFB (%)

Number of HBF in STF
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Trigger

FS.com S3900
24F4S

TE]
A read -out card for drift
c h a mb Recbe%

Optical 1Gb

FS.com S3900

24F4S

Triggered readout DAQ

Sampler

Sampler

Sampler

Sampler

[ Sampler

[ Sampler

STFB° Header = = Sampler

Internal process communication

TFB

(N

RECBE x 105

Optical 10Gb

105to 1

FS.com S3900
24F4S

DAQ PC

Xeon E-2236 @ 3.40GHz
Memory 32 GB
NIC: Broadcom NetXtreme || BCM57810

(Time Frame Builder)

(Time Frame Builder)

TCP ™’

s

w UDS "~

Optical 1Gb

FS.com S3900
24F4S

(Dat

(Dat

AEN

FS.com S3900
24F4S

FileSink
a recording)

FileSink
a recording)
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Control Display



