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* Next 5 slides are mute ... you have just to read
them (they are simple enough)
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Roberto Ferrarl
Istituto Nazionale di Fisica Nucleare

Oh my ! Yet another f...'"" Italian® |

(1) fabulous ... friendly ... fried ... ?

(2) about 11.5+Kostas lectures (out of 27) covered by lItalians

(students’ homework)
discuss one of the following hypothesis:

baseline: what the probabllity of a statistical over-fluctuation ?

ultimate: what about “do the ltalians do it better’ ?
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more seriously

For some days,
unluckily [ luckily, you may think |,
| have been out of any voice.

Not clear | have got back some of it.
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more seriously

For some days,
unluckily [ luckily, you may think |,
| have been out of any voice.

Not clear | have got back some of it.

Hard to be sure | will last till the end of the talk !

... as last resort ...
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... I've thought you may be happy to practice the ltalians way ...
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. I've thought you may be happy to practice the Italians way ...

don’t be scared ... plenty of dictionaries on the web:

A Short Lexicon of Italian Gestures

= |TALIAN PoPWAR GESTURES -
CHAPTER 1L

UMHA Y HAZATE!
UHHA ou wl-ﬂ'}

ﬂ!EL--? {( Bﬁm’”

BASI'A N Lanaua TINE

=~ \""?

\_E;sv
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. I've thought you may be happy to practice the Italians way ...

don’t be scared ... plenty of dictionaries on the web:

A Short Lexicon of Italian Gestures

= |TALIAN PoPWAR GESTURES -
CHAPTER 1L

UMHA Y HAZATE!
UHHA ou wl-ﬂ'}

ﬂ!EL--? {( Bﬁm’”

BASI'A N Lanaua TINE

=~ \""?

\_E;sv

(oops ... be careful with some of them when doing exercises)
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(1)

— hope to give you something sensible «—
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++more ++seriously

(1)

— hope to give you something sensible «—

(2)
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++more ++seriously

(1)

— hope to give you something sensible «—

(2)

— but, please, don’t take anything at face value «—
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++more ++seriously

(1)

— hope to give you something sensible «—

(2)
— but, please, don’t take anything at face value «—

just aiming at enlightening some critical issues
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credit to Sergio Ballestrero
most material comes from his talk at ISOTDAR 2015

Trigger/DAQ design:

from test beam
_UIVERSTY to medium size experiments
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Basic DAQ: De-randomization

Try i ng TO move ce e g f=1kHz <> First-In First-Out

= 1/f=A=1ms

0} + Buffer area organized

Sensor - as a queue
Trigger

» Depth: number of
cells

Discriminator * Implemented in HW
and SW

J Busy Logic } @-@0E0OO|@

—@@ERERE

U

@' O

from here:

= FIFO introduces an
additional latency on
the data path

The FIFO absorbs and smooths the input
fluctuation, providing a ~steady (De-randomized)
output rate
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Medium/Large DAQ: constituents

N channels N channels N channels

ADC ADC ADC Front-End

Event Building

Filtering

_storage_ Data-Logging

puffer/digitization

extracts/formats/
buffers data

assembles/buffers
events

additional
rejection/buffer

temporary
store/offline
. transfer
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trying to get there in b steps ...

* Step 1: Increasing the rate

* Step 2: Increasing the sensors
* Step 3: Multiple Front-Ends

* Step 4: Multi-level Trigger

* Step b: Data-Flow control
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Trigger & DAQ in HEP

High Level-1 Trigger

: (1 MH2)
Irigger _ | LHCb High No. Channels
rate ' J High Bandwidth
A _ ( 1000 Gbit/s)
it oV <& ATLAS

_10° o } CMS
i -
Q
=
oc
‘?é High Data Archives
b (PetaBytes)

jxﬂ_L:CE

N
10° — ] —
104 105 108 107 DAQ
- ™ ev. size
Event Size (byte) '

different issues — different solutions
no magic, unique, solution for all cases
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Single-event readout:

step one: increase rate

wait for data (poll/irq)
read ADC

clear & re-enable ADC
re-format data

write to storage

5 February 2017

A " f=1kHz
S g 1/f=A=1ms

Sensor

Delay

ADC |- Start

Trigger

VDiscriminator
q anﬂ.ﬁﬂ

Set

In errupt
=1 _ |
Processing)
Ready

Clear

Busy Loqgic

dataflow

trigger
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Dead Time — de-randomise

* Buffering allows to

* Processing — bottleneck decouple problems
58, " f=1kHz &= f=1KHz
*E:d_ ~ 1/f=a=1ms T 1ff=A=1ms
Sensor HSensor |
Trigger i Trigger
o Delay
iy Discriminator Start Discriminator
2DC |- Start Full ; [
| FIF i Busy Logic
\. Cand|—
- lntlerrupt Datda
Processing yoe Processing b
_
disk __ B
Dead time ~ (1+x)" ~ 50% Dead time ~ (3" )" ~ 1/(N+1)
[ forx=1/(ft) ~ 1] [ N = buffer depth ]
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LHC (collider) — synchronous

... hevertheless, high luminosity & high cross sections
— high rate, high-pileup, large events:

- most events uninteresting
- good events (triggers) arrive uncorrelated (unpredictable)
- de-randomisation is still needed
-> dataflow Is an issue
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does buffering solve all problems ?

* FIFO
* filled with very variable input flow

* emptied at smoothed output flow

. — the Leaky-Bucket problem

* Q: how often may overflow ?

Smoothed Traffic
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off-topic: some very basic queueing theory

* N-event buffer ... single queue size N:

P : % time with k events in ; P = no space available — dead time

>P =1[k=0..N |
rate(j—j+1) = A-Pj (fill at rate A)

(empty at rate u > A)

1

rate(j+1—j) = P

j+1

steady state: 7\-PJ_=|.L-PJ_+1 = P, =p-P=p""P where p = (A/u) <~1
forp~1 = P~P _ = 3P ~(N+1)P=1 = P ~P ~1/(N+1)

= dead time ~ 1/(N+1)
want<1% = N =100
5 February 2017 16




off-topic: some very basic queueing theory

* N-event buffer ... single queue size N:

P : % time with k events in ; P = no space available — dead time \N
N
X
\65\\
rate(joj+1) =AP,  (fillatrated) Q¢©
A\S

rate(j+1-j) = P (empt 9065\\09 )

0(\ 1+1

steady state: ‘a\c\)\?} = Pj+1:p-Pj:pJ P where p = (A/u) <~1
A
~
2 - -~ P = ~P ~
\ke@( = P~P_ = 3P ~(N+1)P=1 = P ~P ~1/(N+1)

1o

= dead time ~ 1/(N+1)
want<1% = N =100
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de-randomisation
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We can now attain a FIFO
efficiency ~100% with:

-1t~ 1/f

— “moderate” buffer size
Two degrees of freedom to play
with
This dead time often managed by

trigger system itself (“complex
dead time”)
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Complex Dead Time

1) Simple dead time: avoid overlapping (conflicting) readout window

2) Complex dead time: avoid overflow in front-end buffers
(protection against trigger bursts)

e.g. ATLAS uses simple leaky-bucket algorithms with 2 parameters:
max X triggers (X = FIFO depth) in any (sliding) time window = (X*readout time)

Complex Deadtime Fraction [%]
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Game over ?

f 1KHZ

2

1 rf A=1ms

k\\Sensor - /ﬁ;ﬁa\\

Even in a simple DAQ igger
Delay

there are many other e

possible limits '

\

cady

Dlscnmlnator

5 February 2017

% Busy Logic |
o>
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— the sensor

Sensors are limited by

physical processes, e.g. S foheims
—drift times in gases Sensor ) \

Trigger
—charge collection in Si Delay

(possibly) choose fast Fu"S"a” Discriminator
processes ﬁ Busy Logic
analog F.E. imposes limits T /bate

as well Processing ready

split the sensors, each
gets less rate:
"increase granularity”

TRk
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— the ADC

« A/D F.E. isalso limited

. A f=1kHz
* Faster ADCs pay the price B iracims
in precision (# of bits) Sensor _
_ Trigger
and power consumption Delay 77
. ——  Start < arim
o : "ADC |- | Discriminator
Alternatives: y / 1
—analog buffers FIFO | pusy Logic
_ _ Data OD_
* You may need integration e YeRdY
| | rocessing
(or sampling) over quite
some time
[ see Detector Readout and FE disk
lectures ]

5 February 2017 22



An example

e HPGe + Nal Scintillator {},‘ e crystal for isotope identification \ I@:,ﬂ

High res spectroscopy and beta+ decay
identification
« minimal trigger with busy logic

« Peak ADC with buffering, zero
suppression

« VME SBC with local storage

——— | —

§ L
i! !

Crystal HPGe

o Rate ||m|t ~14kHZ Readout (ADC)

Trigger & front-end

— HPGe signal shaping
for charge collection () v Y—s

— PADC conversion time
Sl

e 3x12 bits data size
(coincidence in an ADC channel)
+32bit ms timestamp

e Root for monitor & storage
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— The trigger

a simple trigger may be ~fast

ST, ' f=1kHz
= Ty 1/f=A=1ms

a complex trigger logic
\~ -
may I"IO'|' be [ even Sensor 7 //h H\

when all in hw ] |
Delay .
some trigger detectors may be start | \’/piscriminator 1
far away / slow = latency Full —
B Busy Logic

trigger signal is one: all
information must be
collected at a single point

— 1h one step:
too many cables

— Ih many steps:
delays

— discrete modules: ~ 5-10 ns delay — tot. latency > 20-30 ns «
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DREAM (2006—): a Testbeam Case

R&D on dual-readout calorimetry, setup:
*Crystals
*Scintillating/cherenkov fibers in lead/copper matrices
*Scintillator arrays as shower leakage counters
*Trigger/veto/muon counters

®Precision chamber hodoscope

... always evolving

Acquiring: waveforms, total charge, time information
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DREAM (2006—): a Testbeam Case

a possible
SPS cycle

duty cycle:
~2s/14.4 s
(flat top)

.-l.

slow extraction

5 February 2017

110 CERN SL 24-04-9/7 1/7:40:12
SPS—-Protons updated: 24-04-9/7/ 1/7:40:01

CYCLE Type 928: 4050 Qevwriasmrevrmwumiviun,
Flat top: 2580’m5 ~rength: 14¢4 S

RQTEW
405 349.5 140.5 13
CPS RAMP FS/ 1EX/1

.8 78.2 130.8 125 0
SSE  FS/2 axxz

Targ p/pEl Mul
T1 1379 ?'ga 87
| & 26.5 14 a 8&
¥4 16.4 #9 a 73

“p® 14.4 710 a 75 NAS
110 0.0.rf non®W’ O,
T91 134.7 9 a 5¢ CHORUS
192 12${9 9 7 NOMAD

A96T 1.4E+03
CM5 0.0E+00
8 0,0E+00

COmmer?é 24-04-97 17:29h :

=5

EA:CRN operators /700566/13<{4190>/16013/

Trigger = ( VT xT_| ped ) — easy |

Intensities
inthe SPS

Datafrom
exp eriments

Steen ng
on targets




Spill-driven (asynchronous) Trigger

Trigger = VlexT2 | ped

i DT |
Seil prosert ™ Ve to
L mng X _i?-_'---\-\-\"‘\-\.
i

I. i .u._l -II i I'J;L:-/’-’ L ._.' : e
| y ' = . m'-\.
= I. ) ; | ; Y e O by | . )
.. - ’ 1 ! Y
r R—
. s .

3 I I f*‘_. L B -.-ll '1 — b .._.'I
F = His F
Il'k ,-l'|l » . " _“_ =
\\‘H-____ __'_‘-o-"/ : |

Trigger OR to xDC.s

FADC Trigger

(oscilloscope)

Other signals —
monitoring/debugging

) Profiling

Ped Tr.

First discrete, then FPGA (Xilinx Sparfan 3AN evaluation board)




DREAM DAQ

1 PC — 2 VME crates (access via CAEN optical interfaces) + 1 PC — storage
6x32chxDC.s(x=Q,T:CAENV792,V862,V775)

1 x 34 ch (CAEN V1742) 5 Gs/s Digitizer (single event: ~34x1024x12bit)

1 x 4 ch Tektronix TDS7254B 20 Gs/s oscilloscope

... few VME |I/O & discriminator boards

DAQ logic spill-driven (no “real time”, scientific linux desktop)

in-spill (slow extraction)
a) poll trigger signal ... if trigger present:
b) read all VME boards (w/ DMA, whenever possible)
c) format & store on a large buffer (FIFO over RAM)
d) re-enable trigger
out-of-spill
a) read scope (in case) — size is fixed at run start
b.1) monitor data (produce root files)
b.2) store on disk files (beam and pedestal files) over network

rate ~ O(1 kHz)
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— the dataflow

* Data Processing may be ~

easy and scalable o 1-1khz
TE ffi=a=1ms
* Data Transport may not be \>
Sensor
easy
* Final storage is expensive Delay
(and at some point not easy ADC —

. | Full |
either) — can't store all data —— | Busy Logic
you may acquire - |

==t/ Data

/ ready
f : |
.\ Processing) |
\“‘m = 3 //;.
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step two: increase # of sensors

* More granularity at the N channels

physical level "
’ MU|‘|'ip|e channels ADC Tt Trigger
(usually with FIFOs) Il _]

* Single, all-HW trigger
* Single processing unit

* Single I/0

storage_
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multi-channels, single PU

e common architecture in
test beams and small

II ( - experiments
A0C _| Trigger l » often rate limited by
(interesting) physics itself,

not TDAQ system
rocessing * or by the sensors

N channels

5 February 2017 31



bottlenecks: PU and storage

N channels °* a single Processing Unit
can be a limit

ADC T} Trigger —collect / reformat /
I _] compress data can be

L heavy
— simultaneously writing
' storage

* final storage too:

—VME up to 50MB/s
-> 1TB in 6h
too many disks in a week!

Laptop SATA disk: 54MB/s; USB2: ~30MB/s
5 February 2017 32




— decouple storage from PU

N channels * data transfer data —
Il i dedicated "Data Collection”
ADC Tt Trigger unit to format, compress and
ll store

more room for smarter
QU | processing or decreasec

dead time on non-buffered
> ADCs

siorage -
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bottlenecks: trigger

* to reduce data rates
(to avoid storage issues)
— non-trivial trigger

A —_|| * complexity may already hit
manageability limits for

discrete logic (latency!)

N channels

* integrated, programmable
logic came to rescue (FPGA)
- |latency may go down to
O(few ns)
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another example: NA43/63

Vac. Chamber | Vac. Chamber |1

with crystal with crystal
on goniometer on goniomaeter

DC3  Hel DC4 Sc0 | AKS Scit DC5 DCé E. M Calonmeter

‘151 8
_.—n . _aas T '
[ - - e |
¥ | 7 G -~ }
v "l

n*f

* Radiation processes: coherent * Needs very high angular resolution
emission in crystals and * Long baseline + high-res, low material
structured targets, LPM detectors
suppression... - drift Chambers

* 80/120 GeV e- from * 10 kHz limit on beam for radiation
CERN SPS slow extraction damage

* results in typical 2-3 kHz physics

* 2sspill every 13.5s |
trigger
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NA43/63

30-40 TDC, 6-16 QDC, 0-2 PADC

(depending on measurement)

CAMAC bus
1 MB/s, no buffers, no Z.S.

single PC readout

NIM logic trigger
(FPGA since 2009)

— pileup rejection
— fixed deadtime

5 February 2017

HW Trigger
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step three: multiple PU (SBC)

e.g.. CERN LEP experiments

complex detectors,
moderate trigger rate,
very little background

ittle pileup, limited channel
occupancy

simpler, slow gas-based
main trackers

5 February 2017

N channels N channels N channels

SsS==

Processing | EP

e 105 channels

* 22Hs crossing rate

—no event overlap
e single interaction
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NOMAD (1995-1998)

e Search for vu—>vT oscillations at the

CERN WA neutrino facility (WANF)
* 2.4x2.4 m’ fiducial (beam) area

* Two 4ms spills with 1.8x10" P.o.T.
each (v spills)

* One (2s) slow-extraction spill (.
spill)
* 14.4s cycle duration

front end data

frigger 5 § ,
inbuts ront end crates:
‘5 . VMEbus
Tk | FIC/0S9
V 1 stage each
Py
Calibration
RN SRRERES IARRRT.AR8R |
leleletale el S i I
other — i s | (NRC’
inputs = SR : tEVB
TR A7 N | EvBerate | \TIOD
Sun workstations 8 QHEQ s :
SunoS e RO e | (DREC
Eﬂremei " on-line
“““““““““““““““““““ \recons/

EEE®E
mon mon mon mon mon dlSp

5 February 2017

Dipole magnet

Front R B=04T TRD
calorimeter modules Preshower

Neutrino

beam “ |

Trigger ple
|' Veto planes r ;ge pranes U
Im | lectromagnetic Hadronic
| | | = .
| / Drift chambers alorimeter calorimeter
|
|

|

) |

' / | ./ /

veto counters Trigger counters

— DAQ layout

Muon
chambers
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WANF - SPS SuperCycle

14 4 | 110 CERN SL 24-04-9/ 1/7:40:12
4 5 CYCIE oPo-Frotons updated: 24-04-9/ 1/:40:01
length CYCLE Type 928: 450 Gewria@mreomummimsn
 Flat top: 2580/ms length: 14:4 S
RQTEW
405 349.5 140.5 134 8 /78.2 130.8 125 0
2 X4 ms CPS RAMP FS/1 §£X/1  SSE FS/2 [—;x,»'z

neutrino spills T /pE11 Mul ¥Sum [Expmt Singles Spill
: arg p/p U gm Xpm ingles p;

(f/s extractions) T1 13,9 Z7fa §7 WA9GT 1.4E+03 30

T2 26.5 14 a 88 CMS ©.0E+00 10

T4 16.4 /9 a 73 8 0.0E+00 “g

d

Intensities
inthe SPS

Datafrom

) exp eriments

———® 14 .4 710 a 75
1 x2s muon T10 _O0.04

o

spill (slow T91134.3 9 a 5¢
extraction) 92 12449 9 27T NOMAD

* Commer?é 24-04-97 17:29h

- | Steering
) — on targets
f . s : N

f/s extractions
EA:CRN operators /700566/13<4190>/16013/

slow extraction
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Triggering once more ...

menu for NOMADSs:

v-spill triggers u-spill triggers

VXT;XT, V X Ty X T,
Vs X FCAL Ve X T

Vg X FCAL' x Ty x T, Ve x T4

| Ty XT3 XECALVgXxECAL | Vg X Ty X Ty X FCAL’
WAAAAAAER W RANDOM VX T % T X ECAL

I .'-'_'i .'. _'3' .'-.' -'-_rl_ \ 1 .'-I \ _.J i/ .Ilir- I'_|
i I

=T | ||| ||

| S veto counters (central shaded area is V8)

~i 3
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Triggering — FPGA.s at work

MOdular TRIgger for NOmad (MOTRINO):
6 VME boards providing local and global trigger
generation and propagation

| Trigger Trigger
Formation & Selection Moderation
V - Mask Fast Inhibitl—| V-Stretcher 1| Validout 1, . o
—[[)+{ Trigger | - Mask LDI jL-Stretcher | Calib. Gate—L/ Calib. Trigger
Condition | - = g v—Stretcher?] Validout 2
Out | Fast Inhibitj— :
o U=Stretcher 9|
Vv - Mas gy v-Stretcher3d Validout 3 Global Master
[D éngg@:t{ 5 11 - MaskLD | - Fast Inhibit p—Stretcher 3 Local Masl&ﬁi)* M
oncLion Out2 _[Fast Inhibit v-Stretcher4! Validout 4 U
In 1 v - Mask ; p-Stretcher Trigger In NIM —| y |—~Trigger Out NIM 1-4
™ Tl'iggcr LL - Mﬂskb «| Fast Inhibit J ‘-Jﬁ?lr'::‘.lt:hﬂrﬁi Validout 5 ’ ) . 1
i M ‘FD’ Condition3 s M—E_hrﬂt-::h::r.‘i[ Trigger In Dif.Bus—
" U - [ Fast Inhibit v=Stretcher® Validout 6
. X V- MaskL : —Stretcher 6
Ingger i - Mask 7 Clk Time Counter ¥ Ty
i 3/ N i = D | MHz Clk——{Time Counteri. Elgger Time FIFO
In1-8 — il
v - Mask ém -6 C Validout 1-6 __ Trieeer Status FIFO
Iit, Busy Trigger - Mask D Trigger ounters Gates T" W .gg
. Bus e h S . rite
Tinie Ot Condition Oui3 +P“
YT | LS Delgyed Status FIFO
m Trigger 1L - Mask D Prog. Delay —¢ Write
tart of Cycle | = o
Prog. Logic for LT Out 1-5 vl-Gate | & E
1 -Gate | ©
Ext Clk. Livetime determination ‘ug e :E E
8§ : Calib.- Gate | 2 —
Start of Cycle ﬂ_ Busy —‘*-:; lg
l Global Slave =2
Gate Generator Int. Busy |
'_‘ﬂ‘“ Filter | Busy
: \-":l : gj:: Start of Cj’ﬂl'ﬂ Global Master =
L v2 - Gate ”&gﬂg - &
L alik - e “ -l w
Calib.- Gate V2 -Cate EE
G[ls:rbﬂll maslcr Calib. - Gate | § 5
osaL lanee . Start of Cycle J % =
) Trigger il
Validout 1-6
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NOMAD DAQ

* ~30(?) (64 or 96 channel) Fastbus xDC [ x=Q,P,T ] boards
* Typically:

* ~15 evtsin each 4ms spill (neutrino triggers)
* ~60 evts in each 2s spill (muon triggers)

* 256-events in off-spill calibration cycles (calibration triggers)

— On spill(cycle): on-board buffering of up to 256 events (no way to read
event-by-event)

— End of spill(cycle): block transfer to 5 VME PU.s (motorola 68040 FIC8234
board, OS9 real-time system)

— Event building and storage on another VME PU

— Monitoring and control on SunOs/Solaris workstations

— on-board buffering
— data processing done off-spill (i.e. off-beam)
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bottlenecks ?

N channels N channels N channels

,

@cessing \
/f
ff*"'/

g

ﬂ-\._______

* trigger complexity < storage

» single HW trigger not sufficient to reduce rate
* add L2 Trigger

 add HLT

5 February 2017
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step four: multi-level trigger

Typical Trigger / DAQ structure at LEP |
* more complex filters

» — slower
Digitizers DF % | * = Gpplled |Cl'|'€l" |n The Cha|n
- m 100 Hz
| LEP
Zero Suppressmn | . 105 ch |
Formatting see Trigger lecturess = ="

e 22Us crossing rate
—no event overlap

Buffers e single interaction
e L1 ~103 Hz
<> .
_

Event Building

e L2 ~102 Hz
e L3 ~101 Hz
» 100kB/ev — 1MB/s
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ATLAS!

LHC

107 channels

ARCHITECTURE

Trigger

(Functional elements and their connections)

DAQ
Calo

MuTrCh Other detectors
10's PB/s

1 v equivalent)
e 25ns crossing rate 40 mh: 17 . oy I
_h|gh event Over|ap — — — FE Pipelines
. . o 7 8
= 100 k -
20 interactions _— TERTETEN .o s,
L1 ru105 HZ | 150168/s | Read-Out Links
, Rol Read-0Out Buffers
Rol Builder
B T
L2 ~1 03 Hz L2 Supervisor »
LZLi N/work A Read-Out Sub-systems
Unit
L3 ~102 Hz e _ y ~5 GB/s
~3-4 kHz it ecc = o2 Wy A Dataflow Manager
1 IVI B/ev —> lf,‘_ w— t Event Building N/work
1 OOM B/S g 0 Sub-Farm Input
Event Filter " w Event Builder
Processors Event Filter N/work
F acc. : ~0.2 kH Sub~-Farm Output
~ 300 MB/s
~ 200 Hz ->» 1 €D / sec

ATLAS T&DAQ Why & How, L. Mapelli @ISOTDAQ 2010
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ATLAS Run-1 Architecture

o Still 3-level trigger
o buffers everywhere
e L2 on CPU, not HW, but limited

Pipelines 40 MHz
to ROIs ,
. . . / S '
e L3 using offline algorithms ot o L _ 100 kHz
e “economical” design: the least Buffers

CPU and network for the job

Event Building

Buftters

see "TDAQR for the LHC
experiments and upgrades”
lecture
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ATLAS Run-2 Architecture

< +

@ ( Lvi-1 )
us lal : ~

b ————

Regions Of Interest

Regions
Of Interest

’

[ TI I
[ @ E ™

G

—> Merge L2 and L3 into a single HLT farm

— preserve Region of Interest but dilute the farm separation and fragmentation

— increase flexibly, computing power efficiency
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Off-Topic: Event Selection Latency

* L1:0(1 psin real-time), let say = 2.5 us
* L2:0(10 ms) - let say =40 ms
* L3(HLT):0O(s) > letsay=1s

Q: do these 3 numbers mean the same thing ?
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Latency and Real-Time

real time: system must respond within some fixed delay

— Latency = Max Latency
— over fluctuations bad, will create dead time

non-real-time: system responds as soon as it’s available
— Latency = Mean Latency
— over fluctuations fine, shouldn’t create dead time

real time o0.S. :
very stable time delay in responding to events

standard unix kernels are not real time:
a system call can in principle take any time
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Off-Topic: Real-Time Linux

User Space Frocessi
Frocessi L S Frocessi Standard
Standard - Standard L
-
SYS tem CH”S Frocessr Keal-Time
L Linux Kernel
B 4

&

i
i

[ Scheduler ] /
Preemptable Linux Kernel
e, Real-Time Kernel )
Interrupts SW

Vo
e - -
Interrupts HW

( m—

&

Interrupts

| ow-latency patch & —

(Ubuntu Studio):

. . RTAI: linux kernel runs as a
Interruptible linux kernel

higher priority application
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CMS!

custom hardware

PC

network switch

o
|

51

CMS TDAQ Design - S. Cittolin @ISOTDAQ 2010
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CMS Architecture

. Deatactor
* Only two trigger levels electors

Dwgilizers

* Intermediate event building step (RB)

Front end pipelines

* |larger network switching

see ? TDA Q f()f’ L /—/ " /eC fure - Readoul buffers

m Swilching nalworks

* upgrade: no architectural changes but:

J_ ¢
* Myrinet - Ethernet .
* Ethernet = Infiniband W,

— file-based event distribution in the farm
* full decoupling between DAQ and HLT
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Evolution for Run 2

ATLAS: CMS:
more like CMS more like ATLAS
.. still using “L2” ROI, but as .. still doing full EB, but
first step of a unified analyse ROI first
L 2/EB/HLT process

DAQ@LHC Joint Workshop 2013 :
http://indico.cern.ch/conferenceOtherViews.py?view=standard&confld=217480
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step five: dataflow control

* Buffers are not the <final

solution> they can overflow due
Pipelines - 40 MHz 1o}

Zero Suppression | | 100 kHz T bUrSTS
Formatting '
c.w — unusual event sizes
Bufters
: * Discard

Event Building

N &
Bofien m )
) — "backpressure”,
.. &
— . .

tells lower levels to discard

Who controls the flow?
FE (push) or EB (pull)
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a push example: KLOE

* DA®BNE e*e collider in
Frascati

e 105 channels

* 2.7ns crossing rate
—rarely event overlap

* CP violation parameters in the

Kaon system _ .
— "double hit" rejection

* high rate of small events
* L1 ~104 Hz

— 2us fixed dead time
* HLT ~104 Hz

—~COTS, cosmic rejection
only

Drift Chamber (He/iCsH o light gas mixture) °
EM Calorimeter (Pb/SciFi, excellent time resolution 5 k B / 50 M B / d .
[ ’ ev — S [design

0.52 T Magnetic Field (Superconductive coil)

* "factory”: rare events in a
high-rate beam

Dafne @ factory (ete at 1020 MeV and L, =10fb'/y)
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DETECTOR

-‘.-.r
" La
&
ot
-

...........

Lirline Harm:

Cvent bulleiog, eveat filter
AN &VeNr NeonC er

vent cronitasing

TH[:I.' |i|u:-l|:,'

5 February 2017

KLOE

deterministic FDDI
network

not real need for buffering
at FE

push architecture

vs pull used in ATLAS
see DAQ Software lecture

try EB load redistribution
before resorting to
backpressure

Which LHC experiment has a somewhat
similar dataflow architecture ?
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LHCb: dataflow is network

— From Front-End to Hard Disk

e 0O(10°) Front-end channels g - l'lllllllll
e 300 Reaq-out Boards }Nith ‘. ll 1 l 11 l l l
4 x 1 Gbit/s network links ,

e 1 Gbit/s based Read-out = |

network

e 1500 Farm PCs
e >5000 UTP Cat 6 links
e 1 MHz read-out rate ’

Data is pushed to the Event :
Building layer. There is no 4
re-send in case of loss =

e Credit based load balancing
and throttling

Streaming,

Disk writing &
Central Storage

The LHCb Data Acquisition during LHC Run 1 /
CHEP 2013

more info in "TDAQ for the LHC experiments”
5 February 2017 57




Looking forward to LS2 and beyond

On some long term, all experiments looking forward to DAQ@LHC Workshop
significant increase in L1 trigger rate and bandwidth. ALICE
and LHCb will pioneer this path during LS2

Lk -~

%

* First level trigger for Pb-Pb
interactions 500 Hz — 50 kHz

* 22 MB/event
— 1 TB/s readout — 500 PB/month

* Data volume reduction

* 1 MHz - 40 MHz readout and
event building — trigger-less

— trigger support for staged
computing power deployment

* 100 kB/event

— on-detector zero suppression —
rad-hard FPGA

— 4 TB/s event-building

— on-line full reconstruction

— discard raw-data

* Combined DAQ/HLT/offline farm
— COTS, FPGA and GPGPU
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Trends

* |Integrate synchronous,
low latency in front end

— limitations do not disappear,

but decouple (factorise)

— all-HW implementation

— isolated in replaceable(?)
components

* Deal with dataflow instead of
latency

e Use COTS network and

processing

* Use “network” design already
at small scale

* Use networks as soon as possible

5 February 2017

— easily get high performance
with commercial components
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take care, lot of issues not covered:

Hw configuration

Sw configuration

Hw control & recovery
Sw control & recovery
Monitoring
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Lost & Founa
(off-topics)
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Appendix A: Trigger Coincidence

11

Hnearoqt ut
o : | (bad for trigger)

clock enable

shaped output
(ok for trigger)

clock

MM = Monostable Multivibrator = One-shot Pulse Generator
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Exercise: Time Analysis

1) Linear Output =T1 and T2 and not Veto
2) Shaped Output = Fixed-duration Pulse at ((rising edge of (T1 and T2)) and not Veto)

1) Veto must completely overlap T1 and T2
Out-of-time veto may change the duration of (T1 and T2) coincidence

Early (out-of-time) veto may cause the (T1 and T2) coincidence rising edge to jitter

2) Veto must only overlap the rising edge of (T1 and T2) - very short in-time veto is
required

Out-of-time veto may only veto the pulse generation but can’t never produce
shorter or jittering pulses
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Appendix B: Profiling

Take care: optimize your code — first of all - where it
really needs. To get it, you may use of profiling.

for C/C++ code, look (for example) at this gprof tutorial:
http://www.thegeekstuff.com/2012/08/gprof-tutorial/

Very simple, at least for standalone code ...
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Appendix C: backtrace

Segtfaulting ? Have a look at backtrace:

https://www.gnu.org/software/libc/manual/htm| node/Backtraces.html

BACKTRACE(3) Linux Programmer's Manual
BACKTRACE(3)

NAME

backtrace, backtrace _symbols, backtrace symbols fd - support for
application self-debugging

SYNOPSIS
#include <execinfo.h>
int backtrace(void **buffer, int size);
char **backtrace_symbols(void *const *buffer, int size);

void backtrace _symbols_fd(void *const *buffer, int size, int fd);
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Howlo

1) file “my segf.cxx” : install a signhal handler to print the backtrace

#include <stdio.h>
#i1nclude <execinfo.h>
#include <signal.h>
#include <stdlib.h>
#include <unistd.h>

void handler(int sig) {
vold *array[10];
size_t size;

// get void*'s for all entries on the stack
size = backtrace(array, 10);

// print out all the frames to stderr
fprintf(stderr, "Error: signal %d:\n", sig);
backtrace_symbols_ fd(array, size, STDERR_FILENO);
exit(1),;

vold baz() {
int *foo = (int*)-1; // make a bad pointer
printf("%d\n", *foo); // causes segfault
h

void bar() { baz(): }
void foo() { bar(); }

int main(int argc, char **argv) {
sighal (SIGSEGVY, handler); // 1nstall our handler
foo(), // this will call foo, bar, and baz. Baz segfaults.

¥
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2) compile with -g debug flag on:

g++ -g -rdynamic my segf.cxx -o my segf

3) get the crash:

[roberto@bob-laptop ~]S ./my segf

Error: signal 11: handler
/my segf( Z7handleri+0x1c)[0x400a52] « _
/lib64/libc.s0.6(+0x347€0)[0x7fa55f1c07e0] libc
/my segf( Z3bazv+0x14)[0x400aab] < my crash
./my segf( Z3barv+0x9)[0x400aca]

/my segf( Z3foov+0x9)[0x400ad6]

./my segf(main+0x23)[0x400afc]
/lib64/libc.so.6( libc start main+0xf1)[0x7fa55flac731]

/my segf( start+0x29)[0x400969]

4) crash is at ( Z3bazv+0x14) ... the function name is “ Z3bazv” (c++ function
name mangling). How to get it ?

5) Demangle it thanks to: http://demangler.com/
6) Take the Answer: baz() -» crashis at (baz+0x14)
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7) crash is at (baz+0x14) ... open the debugger: gdb my segf

(gdb) info address baz
Symbol "baz()" is a function at address 0x400a55.

8) so crash is at address (0x499a55+0x14) ... then:

(gdb) info line *(0x400a55+0x14)
Line 24 of "my_ segf.cxx” starts at address 0x400a65 <baz()+16>
and ends at 0x400a7c <baz()+39>.

9) got it | That’s not yet the reason but ...
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Appendix D: Cables and Transmission Lines

Spoken about sighals, amp.s, digitisers, ... but ...

... almost nothing about how signals are transmitted over long
distances. Is there any issue ?

Q(1): what is a cable (for a single signal) ?
a couple of ideal conductors (R=C=L=0) ?
Q(2): which speed can it reach ?
Q(3): what’s its impedance ?
Q(4): what does it to your signal ?

Ok the full line must be properly matched:
Z(out) = Z(cable) = Z(in) That’s all ?
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Cables and Transmission Lines

Lossless transmission line:

YY L /YY) (YY L /YY L __/YY\__

J_ I L I i I

CT C T CT CT C

)|

Lossy transmission line:

5 February 2017
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Cables

Cable element (dz):

o R L
bl e MASTTET
L%im —| 'H/m
2T | a | |
S |
- - & > o=
C ~ 2T F/m | G
In(b/a) | '

R depends on the frequency (skin effect)
G should be negligible

Z = (L/C)*
v, = (LC)* = (ue)*
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Cables

Equation for standing waves:

2 2
o =L.C o +(LG+RC)8—V+RGV
0z° 0t’ ot
solution: sz ,
e =(R+iwl )(G+iwC )V=y"V

y=a+ik=V(R+tiwl )(G+iwC )

R usually dominated by the skin effect:
R(w) = r*D/(4*0)

r = resistance per unit length

D = diameter internal conductor
O = skin depth ~ 1/Vw
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Cable Losses

Neglecting the transconductance G:

a=R(w)(27,)~cVw
k= VRC =wl (B c)

V(zt)=V exp(—oz)exp|i(wt—kz)

50-Ohm fast (v =4 ns/m) CERN-store cables:

04.61.11.F - COAXIAL CABLE 50 OHM - TYPE C-50-6-1
04.61.11.H - COAXIAL CABLE 50 OHM - LOW LOSS - TYPE C-50-11-1

f(-3db, 40 m, cable C-50-6-1) ~ 120 MHz
f(-3dB, 40 m, low loss cable) ~ 640 MHz
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Signal Distortions

Time parameter:
a~u\F

7,=(pz) /m

uz ~ 32*E-6 (C-50-6-1), 14E-6 (low loss cables)

7,~320ns(C—50—6—1)

7,~60 ns(low loss cables)

*** Take care: would like T, << T(signal)
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Digital Pulse Distortions
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Bandwidth Effects — Analog Signals

~1ns analog-signal response fol
BW ~ 300, 150, 75, ... MHz

signal In

signal out

| ] | | | | | | | | | | ] | l | ] | | I .!-'i .]. L 1 | 1 | | | ] | |
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Thank you for your patience ...
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