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NUSTAR experiments

Many types of detectors

Short production runs (~1 week)

- Reconfiguration

Large distances between detectors
- (Super-FRS - Caves)

riggered (so far)

Increasing number of electronic channels



MBS is good!

H.G. Essel, J. Hoffmann, N. Kurz, R.S. Mayer, W. Ott, D. Schall
"The new data acquisition system at GSI.”
IEEE Trans. Nucl. Sci., vol 43, no 1, pp. 132-135, 1996.

H.G. Essel and N. Kurz,
"The general purpose data acquisition system MBS.”
IEEE Trans. Nucl. Sci., vol 47, no 2, pp. 337-339, 2000.

—~  DAM
* Rock-solid for > 20 years Readout 4y
(e.g. Nurdlib) CPU

- Standard DAQ @ GSI

- Many other places
 Incl. South Pole

* Countless experiments
* Multi-crate sync: TRIVA

* Well-defined scope:
- Readout by user code.
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DAQ system needs

Focus areas:
Sticky events

Operating modes
- Triggered

- Free-running }
_ Not today
- Hybrid

Scalable
Modular

Easy re-configuration

Readout

(e.g. Nurdlib)
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Building an experiment from individual detectors:

* Multi-crate setup using trigger bus

- Master
M S S S

- Slave(s) N N




Topology

Building an experiment from individual detectors:

« Multi-crate setup using trigger bus

- Master
- Slave(s)

e Data merged by

- Event builders Online clients

vy

Online clients



Same as MBS...
(move on...)

Topology

White Rabbit
- facility-wide
timing

Building an experiment from individual detectors:

Multi-crate setup using trigger bus

- Master
- Slave(s)

Time-stamped
Data merged by

- Event builders

— Time sorter
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Partial (debug) data
from anywhere

Online clients



New features

Mostly automatic, much faster, recovery
Simplified configuration

Use full input bandwidth of event-builder
- Deep event-builder input buffers
Easy gdb (debugger) access to readout

Sticky events



Something for everyone?

DeveIopers
. operators )
Mostly automatic, much faster, recovery
Simplified configuration
\ Operators
AnaIyS|s

—~ >

Use full input bandwidth of event-builder \(c;n.yone

olata stream J

s

- Deep event-builder input buffers

Easy gdb (debugger) access to readout

Sticky events Developers.
r ‘Analysis | T

Many concepts caused lots of
discussion during NDAQ TDR writing.
None about sticky events!
|

4




Backwards compatibility (MBS-style)

 Produce LMD files
- (extensions/modifications planned)
« £ user readout() - Interface to readout
— Built upon lower-level interface with more control
e Stream and transport protocols supported



- ~Setup by
POrtablhty Michael Munch,

Aarhus

» Code is automatically tested on many systems: —

- architectures

X86 amd64 | ppc | arm
gcc clang | gec clang | gec gcc | Compilers
o eteh v
al éo\@ wheezy
c9 jessie v v More amd64:
]
S V\(’\@ trusty v v v « Fedora ¥
Z X xenial 4 . CentOS WW
O « OpenSuse ¥ ¥
gcc latest 4 . Debian:
ELDK o « Stretch
« Buster
Fl’eeBSD 10 4 \ 4  Ubuntu:
. « Zesty
Mac (sierra) v . ATl

« Some other systems at irregular intervals



Status: advanced beta-stage

* Used in experiments:

- 1S561b @ ISOLDE - (few weeks ago)
- 1S561 @ ISOLDE - (last autumn)
- In Aarhus

* Being tested at:

- Cave C @ GSI — multiple systems



Performance (readout)

_Q-time data readout, trig period: 100 ns

e N 80
- New trigger e
after DT release. - M
(- 100% DT)
No actual data o0r
read out
. (fillers inserted) / ¥ 0t N_FRAG=50
N 2 g N_FRAG=200
— g 40} N_FRAG=800
r4l-11 s N_FRAG=3200
A 30} N_FRAG=12800

2 7 Y SN — drasi
o ':J: X /.“.+ Xl .
20 @QJ :rx.-, N - - drasi 1 word DT release
by e #3 - - drasiirg, 1 word DT rel.
v/
10} Z, Y/ S — MBS polled
gl L — MBS irq
0 1 | . R | . | . T | .
10 / 100 1k 10k 100k
— Event size [B]

LMD event+subevent header is 28 bytes.‘




Performance (readout with livetime)

_O-time data readout, trig period: 0-20 us, avg 6.6 us ___

80
More realism: | 70
New trigger 60r 1
0-20 s
\gfter DT release:/, 9 50+ N FRAG=50 ||
~. = N, N_FRAG=200
e N_FRAG=800 ||
r4l-11 p -
a

N_FRAG=3200

w
o
T

20 drasi 1 word DT release |
- - drasiirg, 1 word DT rel.

10} — MBS polled .
— MBS irq

% 0 1k 1k 100k

Event size [B]



Orders of magnitude

EL
1/2 floppy

1 byte/s | 0.6 MB/week
\
10 MB/s | 6 TB/week "1 disk”
100 MB/s | 60 TB/week "1 raid array” 48
1 GB/s 600 TB/week | "half-a-rack” @< <@

999

S034 (1992): 15 kB/s _» 16 GB
S135(1995): 250 kB/s ~ —» 243 GB
S393 (2010): 4 MB/s —» 427TB

r» Recording: 3200 TB/year

ATLAS level 3 trig: 320 MB/s
(@

ATLAS

ATLAS level 2 trig: 5 GB/s J Fact Zhgets

ATLAS level 1 trig: 150 GB/s



Performance EB/ TS

Event builder

2500 R _
— 1 src
— 2000H — 2 srcs
E — 3,4,5 srcs
E 1500 L — 10,15,20,25 srcs |
3
E 1000} &4\" 1
— pY e . T —
g ool © Limited by single-threaded
\ = __data generator (‘readout’) |
2500 _ Timesorter
— 2000}
40 GbE ?g
= 1500}
g
____V___, Elooof
. dummy | g ool
0 . S | . R | . R R | . R
10 100 1k 10k 100k

Event size [B]



Performance EB/ TS

- Normal

CPU clock cycle consumption

Measured non-saturated
(i.e. not at peak performance)

Desktop
- CPU
" clk/frag clk/event clk/byte
Input (net) 20 + © 20 1.1
40 GbE Y
205 @ 175
/ Merger ’\ 0.9
------- ' 340
 dummy | TS 33/src CZ
"""" Output (net) é) + 38 0.9

o




Network
switch

DEMO

FPGA: TRLO Il (firmware)




FPGA: TRLO Il (firmware)

DEMO (TS)

Display

Master 2
(timestamped)

Network
switch




DEMO
s CONtrols

master < slave - EB
Readout Data rate
(Master) status A ——— -
Readout EB input Restart
(Master) event rate Node buffer fi e master + 3 slaves

TCP conn. &

’/ As above,
124723

master < EB 150. 5k T 192. 168.20. 10: 5658 R PIETELY 4280.8k 0.0% M+35 with larger events.
AN >2¥= 67 168.20.11:56583 4138. 6k 4272.0k  0.0% =
~-><-- | 192.168.20.12:56583 4140.4k 4274.9k  0.0%
\ﬁ\-x- - | 192.168.20.13:56583 4213.3k 4280.5k 0.0% Restart
- | M+ 35
Tree view L S o 192. 168. 20. 1: 5658 maStel’ + Slave

c EB
Z (large) .
of setup/ —»t i + (timestamped)
data flow s master + slave
M+5

126 31456432 4291.7k 2.2% 4194.0k rate: MaSter rate m0n|t0r
: 127 31609482 4285, 1k 2.3% 4194.3k master
Rate monitor —»r 128 31760616 4232.0k  2.3% 4192.8k rata: Event-builder/time-sorter
128 31913044 4268. 1k 2.4% 4195.9k EB/TS .
130 32063806 4221.3k  2.4% 4193.5k | rate monitor
og:
A plain
Thiz iz the a zerver il dl
[drazi] Transport client cobnected [192 ME8,20,1], log:
22414 fzunal 3/TCTL Setup TRIYA [EMABUS, HALT, |SLAVE. RESE i
15:24314] zangl 3/ TETL Hininum evert| bine ohine(1o) +1%rd(225 )kt (208) +Fot in\(100)=1062 na\(950,570 kHz) e 'Normal' |Og messages
5:24:14 zungl3/TCTL EST: GO
Log messages 124 zgzgiyﬂﬁm Trigger 14 segn,
2017-11-11 :
JI.E:CIB: N ST ETaa e A=Y I ent with trigger 14 seen, |nC|Ude |nf0 |Og |eve|
Status Time since | | Events Data rate Send rate
last failure

Event rate Buffer fill




So far...

Only Happy Users

* Problem?
- Tell S
e Suggestion? | fehao@

@ @ : chalmers.se
- Telll

@

The fine print:

AN

* Regqularly keep your version up-to-date.

In return, you will:

e Read the documentation.
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Short-term todo:
 Release as open-source (LGPL)

~
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e gl Contributors:
Michael Munch, Aarhus

Bastian Loher, Hans Tornqvist
TUD / GSI
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Compressed size (*.h*, *.c*, *.pl, *.sh, *.vhd) 'xz -9' (kB)
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Complicated?
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