uBooNE DAQ readout

Eric Church, uBooNE Director’s Review Break-Out-
FNAL, 12-July-2011.




System Diagram for Triggered beam event
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DAQ System

" outside network
SEB PCs
1 — Sub Event Buffer PC
network — Receive data from TPC/PMT readout
ik R boards through fiber optical links and
i PCle cards
el — SEB Processes
__________________________________ * Trigger loop process
uBooNE DAQ * Sender process to communicate with
network uBDPC through TCP/IP
* uBDPC
— MicroBooNE DAQ PC
— DAQ Processes

* Assembler process to build the events

* Streamer process to write events to
local disk

* uBNPC
— MicroBooNE Nearline PC

— Nearline Processes

» To manage raw data files and storage
on ENSTORE system

* To build supernovae event
* To prepare files for web server
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Slow Control and Monitoring

* |OCs (Input/Output
Controllers) live on PCs
running EPICS

— High voltage
— Low voltage
— Temperature/pressure/

vacuum/interlocks etc.

— SEB PCs run EPICS at low

overhead for voltage/current
readings in the crates

e Master EPICS Server

— AIll EPICS PCs will report to a
Master EPICS server

— Responsible to push coarsely

vkt i Yk time averaged quantities at
low rate to a DB on the FNAL
network

FNAL network

uBooNE DAQ
network

To Hardware
(RJ45/Cat5)
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SEBPC TPC code -- C everywhere unless specified. 9-10 instances of these.

from /etc/init.d on crate power-up

Slow Mon of this crate

EPICS instance,

main()

{

while()

{

/I ~1 Hz local crate

/I diagnostics

/I over controller PCle
readPClelOC();
write(localDB);

}
}

SN data reaper

main()
{
while()
{
checkDisk()
rm1HrOIdFiles()
sleep(5m)

}
}

Main data-taking Process

main()

{

Socket: create, bind, listen() // blocking

= /l pending assembler
code)

get(runinstructions) // cal or normal Run
if (calibrate)
{// on devoted PCle controller card.
ReadCalibTrigger(delay) //
}
nnu=0; nSN=0;
while(!lendOfRun)
{
// Do this block twice: once for SN, once for triggers.
if (n*sizeof(event)>sizeof(memForManyBuffers))
{// on devoted PCle DMA cards.
malloc_pcie(memForManyBuffers);
dataPCleTPCDriver(memFillFromDMA);
headers,data=ReadEvent(eventSize*n)

}

if (lastNuThreadExited) pthread_create(Nu,headers,data)
if (lastSNThreadEXxited) pthread_create(superNovaData)
checkAndProceed(threadReturnConditions)

} /1 lendOfRun

}

void NuData()

{ //Write triggered buffer and adjacent, ~5MB/sec
buffers ,walkThroughMemory(); nnu++; writeDataToSocket
0;

pthread_exit(); se
} ass
void superNovaData() //

{ //\Write continuous buffers, ~ 50MB/sec
walkThroughMemory(); nSN++; writeDataToLocalDisk();
pthread_exit();

}

connect to Assembler

on uBDPC

pull data from FEMs

2-threads: SN and
triggered data

d triggered data to
mbler across socket

write SN data to local disk
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SEBPC PMT/Trigger code -- 1 of these.
from /etc/init.d on crate power-up

EPICS instance,

main()

{
while()

: {
Slow Mon of this crate | | .| .. crate
/I diagnostics
/I over controller PCle
readPClelOC();
write(localDB);

}
}

Manage massive SN PMT data

SN data reaper

main()

{

while()

{
checkDisk()
rm1HrOIdFiles()
sleep(15m)

}

}

Main data-taking Process

main()

{ L | connect
Socket: create, bind, listen() // blocking .

<

/l pending each SEBPC
A code)

get(runinstructions) // cal or normal Run
if (calibrate)

{ // on devoted PCle controller card.
Load(FPGA code) //
Load(calibTPCParams) //
FireAndSetCalibTrigger(delay) //

}
nSN=0
while(!lendOfRun)
{

/l Same memory allocation for both streams.
if (n*sizeof(evéaty>memForManyBuffers)
{// on devoted PCle DMA cards. These 3 cmds

to Assembler
uBDPC

Calibrate if desired

/' just once here, for PMTs.
malloc_pcie(memForManyBuffers);
dataPClePMTDriver(memFillFromDMA); //
header,PMTdata=ReadPMTHeader(eventSize*n)

}

pull

pthread_create(Nu,headers,PMTdata)
pthread_create(SN,headers,PMTdata)

} /1 ''endOfRun

/I Same functionality in the two threads to ship triggered
// data over sockets to assembler and write SN data

// to local disk as in TPC SEBPC code. We must also

/l read,write triggers here.

ata from PMT FEMs

readExtrniTriggers(header,clock) read tl"iggel" and clock

hip data across socket to
assembler
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uBDPC code -- C everywhere unless specified.

from /etc/init.d on uBDPC power-up, start daemons:
daglLogd, shmMonitorFile, supervisor

<assembler, dataStreamer started with each new rum>
even ervisor

shared memory to monitc
run from other processes

build the event, ship it.

:assembler: m@' uBDPC data-taking Process

main()

{

Socket: create, bind,

" ColansHiD)
uctions) /I cal or normal Run

while(lendOfRun)

getBunNumber(dagl og,dBHooks)

connect(socketSEBs)>

}// lendOfRun

}

void collateData()

{
connect(socketDS);
select() //to listen to all SEB PCs on sockets and

/l receive data from them as shipped
readData(socketSEBs);
negotiateRaceConditions();
buildEvent()
shipData()

}

void shipData()

{
write(socketDS)

}

0 dataStreamer

supervisor script

#l/usr/bin/python
while True:
checkAcnet,RWMData
checkDB
checkDaemons
checkDisks
checkACNET_DAQ
checkSundryProcesses
once_A_Week:
SuperNovaBuilder()
if (pastCommissioning):
start(assembler)
start(dataStreamer)

dataStreamer

main()

{

// socket to assembler

while()

{
checkDisk()
shipOldFilesToEnstore()
openSubRunFile(fd)

ata=read(socketDS);

addGlblHeader(data)
mergeAGNETdata)
writeToLocaIFiIes(data)‘(

}

}

SuperNovaBuilder
main()

dagtogReport();
readFromSEBDisksBuildWrite()
}

scripts to check

DAQ health.

0th order DAQ
task.

once/few-day
SN event build.
Wi ill eventually
exercise this with a
(pretend) SNEWS
email.
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Runs on my Powerbook

Terminal Shell Edit View Window Help B © @ = 4 (=F000% WedFeb23 12:37 PM Eric Church

®NNn Terminal — shmMonitor — 80x24

Terminal — fake_seb — 57x23

te$[l + ${i)).out -p $[31415 +${4i)}) -t 2000 Run number = 0 (DATA MOD:,

8) Killed install/fake seb -f data/cr Event number = 733501, Latent = O (=0.0%) )
te$[1 + ${i)).out -p $[31415 +${i}) -t 2000 Total Rate = 104785 Hz, Later’. Ave = nan Hz "
9]- Killed install/fake_seb -f data/cr Tastant Rate = 92508.0 Hz. “atent Inst. = 0.00 Hz

tas$[l + ${i}].out -p $[31415 +${1}) -t 2000

10)+ Killed install/fake_seb 8024 Started Wed 31-Dec-1969 17:00:00 MST, 0 ms

Terminal — fake_assemblerMu

ate$[1 + §{i}).out -p $[I1415 +§{i; -t 2000 Current Wed 31-Dec~1969 17:00:00 MST, 0 ms

ric-Churchs-MacBook-FPro:code chur(h$ sebs foke assemblerMulti: finished 2100000 events. Wrote 20559996. Time Elapsed = 0.00 hr

1] 22345 fake_assemblerMulti: finished 2110000 events. Wrote 21099996.

2] 22346 fake assemblerMulti: finished 2120000 events. Wrote 21199996. ... . BUAR: e a2 P Ot count(latent) ————eeeee

3] 22347 fake_assemblerMulti: finished 2130000 events. Wrote 21299996. Deam: Dilinan,) =, L, ~dboe~1B8: 0.00(nan) Hz, 0(0) Garma:

4) 22348 fake assemblerMulti: finished 2140000 events. Wrote 21399996. 0.00(nan) Hz, 0(0) Beta: 0.00(nan) Hz, 0(0)

5] 22349 foke assemblerMulti: finighed 2150000 events. Wrote 21495999%6. Strobe: 0.00(pan) Hz, 0(0) Gamma-2ZB': 0.00(nan) Hz, 0(0) Ganma ' &

6) 22350 fake assemblerMulti: finished 2160000 events. Wrote 21599996. 0.00(nan) Hz, 0(0) Beta't 0.00(nan) Bz, 0(0)

7] 22351 Jake assemblerMulti: finished 217000 ) ew nts. Wro « 27 69999(. Laser: 0.00(nan) Hz, 0(0) Cal-Bm: 0.00(nan) Hz, 0(0) Cube:

B8] 22352 it Ve adiila ol oV el a2 AV 0a a0 0 41N 0.00(nan) Hz, 0(0) Tri: 0.00(nan) Hz, 0(0)

9] 22353 CLEINS CCUEDINAL TV EZINAL -0 1A Michel: 0.00(nan) Hz, 0(0) SuperN: 0.00(nan) Hz, 0(0) Tank:

10] 22354 fake assemb'<-*~1ti: finished 2200000 events. Wrote 21999996. 0.00(nan) Hz, 0(0) Veto: 0.00(nan) Bz, 0(0)
ric-Churchs-MacBook-Pro:code church$ date fake assemblerMulti: finished 2210000 events. Wrote 22099996. BigNu: 0.00(nan) Hz, 0(0) NuMI & 0.00(nan) Hz, 0(0) :
led Feb 23 12:34:18 MST 2011 fake assemblerMulti: finished 2220000 events. Wrote 22199996. L
ric=Churchs-MacBook-FPro:code church$ 1s -lat o fake assemblerMulti: finished 2230000 events. Wrote 22299996. Boards -0

otal 3274248 fake_assemblerMulti: finished 2240000 events. Wrote 22399996. Backlog -0

Lo 0 S S 1 church staff 1675800360 Feb 23 fake assemblerMulti: finished “~QQ0" guantg, Wrote 27499996. ERRRRR AR R RAR R AR RS ATRACKER SRR SR AR RS R AR O RRAS

fake WLV ITW SIS UMalw 4 L' DW0) W nER. 1\ V 4 125 )97 5F y_-al
fake \"A'AR (X W (£ o5 el d 27 /000 aved 8. | rotd 118 ¥/,
fake_assemblersuici: finishe' 22v070v events. wWrote 2z/9%99%s.
. Termina iF fake assemblerMulti: finished 2290000 events. Wrote 22899996.
faka_auunh’-:_‘:‘.:i. AHABDUDG SIVVVVY wee—mee  Wrate 22999996.
«~axe_assexblerMulti: finished 2310000 events. Wrote 230y>>24.
fake assemblerMulti: finished 2320000 events. Wrote 23199996.

122 sleeping, 490 threads 12:37:22
gsage: 7.14% user, 42.39% sys, 50.46% idle

i data, 0B linkedit.

ident, 44M private, 745M shared.

Ph 1 v va, 640M inactive, 3348M used, 618M free.

VM: 260G vsize, 1042)1 rrmrk vsize, 4878759(0) pageins, 29816(0) pagecuts.
Networks: packets: 65217426/28G in, 61935442/26G out.

Disks: 776033/12G read, 1301274/46G written.

Eric-Churchs-MacBook-Protinstall church$ pwd
/Users/church/uBooNE/DAQ.git.working/DAQ/~ ce
Eric-Churchs-MacBook~-Prosinstall church§ cd .
Eric-Churchs-MacBook-Pro:code church$ install
~bash: install/daqlog: Mo such file or directory
Eric-Churchs-MacBook-Pro:code church$ pwd

/Users/church/uBooNE/DAQ.git .working/Da” ' coas
Eric-Churchs-MacBook-Protcode churchy ./install/daqlogd
Eric-Churchs-MacBook-Pro:code churchy daglogd: exiting. childpid is 21842

el S PID  COMMAND SCPU TIME #T W #7 )RT #MREG RPRVT RSHRD RSIZE VPRVT
daglogd: Setting umask to 0 nxt ... 22434 cvmsComp x86 0.0 00:00.54 1 0 18 33  1484K 244K 5984K 18M
Saeiads St el e 0 Cit This alonaT (e 22431 Preview 0.0 00:00.57 2 1 107 152 11M 46M 31N 62
daqlogds Calling daclogServer om port 12345, 22427 quicklookd 0.0 00:00.10 6 2 80 84 2260k 18M  6260K 62X
22422 shmMamis~- 0.0 00:00.031 O 15 31 156K 308K 460K 17M
e i ook Etcode’| herchl oo sux 1lame Sact 22421 fake sssembl 81.8 03:12.12 1/1 0 14 30 146K 30K 444X 17
church 21844 0., (.) 23120 %o 7«3 S+  7121AM 0:00.00 grep daqL 22392 o=k .5 00:00.291 0 17 24 524k 736K 1212k 1M
church 21842 0.% (. 23981 2.5 03 § 7:20AM  0:00.00 ./install/daglogd s R A A L
Eric-Churchs-MacBook-Proicodt church§ . e~ LogServer: host=128.165.251.151, serv=51530 22358 top 7.6 00:27.90 1/2 0 31 33 138K 244k 1524x 1M
daqLogServer: host=128.165.251.151, serves1987 22354 fake_seb 7.6 00:16.66 1 ©0 14 29 152K 308K 440K 17M
daglogServer: host=128.165.251.151, serv=60645 22353 fake seb 7.1 0%16.701 0 14 29 152K 30BK 440K 17M
daqlogServer: host=128.165.251.151, serves0653 22352 fake seb 7.2 00:16.701 O 14 29 152K 308K 440K 17M
daglogServer: host=128.165.251.151, serv=60655 22351 fake_seb 7.1 00:16.56 1 0 14 29 152K 308K 440K 17
daqLogServer: host=128.165.251.151, serves0657 22350 fake seb 6.6 00116.521 0 14 29 152K 308K 440K 17
Ao gt vaie § RIS L AP G T Mt e 22348 fake_seb 7.5 00/16.76 1 © 14 29 152K 308K 440K 17
Eric-Churchs-MacBook-Proicode church$ daglogServer: host=127.0.0.1, serv=62915 22347 fake_sed 7.0 00:;16.611 0 14 29 132Kk 308K 440K 1M
datonllrviiy oY TT 0051 eIV 22345 take seb 7.3 00:116.701 ©0 14 29 152K 308K 440K 17M
22343 =mdworker 0.0 00:00.74 3 1 S50 80  S884K 18M 17N 58

A

a
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uboone DAQ project

® We have a uBooNE DAQ project: https://
cdcvs.fnal.gov/redmine/projects/uboonedaqg

® git code repository.
® plans, instructions.

® We meet fortnightly for now.
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Next work, in order

® SEBPC server is in Test Stand in LCC108. Some PCle code has been exercised there: data
rates on bus verified. Some EPICs code too: monitor/report Event Number from Shared
memory.

® Add new KOI uBDPC & a network switch to that Test Stand in next couple weeks.
Network these up. Repeat slide 8, but on 2 real machines. (Something like this has already
been done at KSU.All rates are encouraging.)

® Add a second SEBPC to network.Assembler can then be tested on uBDPC. Need to gain
some experience with reading/passing-on compressed uBooNE fake data. This is in
progress.

® PCle communication. Understand Jungo driver to interrupt, write/read registers, do DMA.

Put fake data onto optical bus, and pull it out into SEB PC memory. (This is well along. See
Chi’s slide 20, docdb1570)
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Work, cont'd

® Nearline coding can start when we have some

sensible MC output fc files. Nearline: 2nd level
triggers, physics stream splitting, EVD, Recon
(LArSoft) processes (?), database, file
management, ...

EPICs coding, databases. PAB HV Test Stand -- an
actual useful milestone toward EPICS-ing things up,
is coming along.

Overall System State Management, scripts, unit
tests, ...
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Coders

® Nevis+Yale:2 50% FTEs each, one 9th floor
50% FTE

® EPICs: KSU 50% FTE; one 9th floor 50%
FTE

® State, SuperNova read-out, etc.: one 9th
floor 50% FTE




Test Stand Schedules

e PAB HV for PMTs: EPICs exercise which will be
directly translatable to Detector Hall.

® | CC Test Stand at FNAL: Testing/developing code,
shipping all forms of fake data. Now through
Detector Hall occupancy in 201 3.

® Feb/Mar, 2012: Proto 2 Test Stand at Nevis will
come to FNAL. Electronics in a crate: actual FEM
cards and XMIT and Controller card, so we can

move FPGA-generated data around. Then “real”
ADC data. {Test per Chi’s slide 17, docdb-1570.}
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