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@ Definicoes

i Sistema de “Trigger”

I Seleciona em tempo-real os acontecimentos (eventos)
“‘interessantes” entre todas as colisoes
Decide se o evento deve ser adquirido ou nao

I Sistema de Aquisicao de Dados

I Colecta os dados produzidos pelo detector e armazena-
0s (quando a decisao do Trigger e’ positiva)

| Sistema de Controle

I Encarrega-se da configuracao, supervisao, e em geral
do bom funcionamento do sistema
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@ Trigger, DAQ & Control

- Detector Channels
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D LEP & LHC in Numbers

LEP LHC Factor

(1989/2000) (2009)
Bunch Crossing Rate 45 KHz 40 MHz x 103
Bunch Separation 22 ps 25 ns x 103

Nr. Electronic Channels ~100000 ~ 10000000 x 102

Raw data rate ~100 GB/s ~1000TB/s x 10%

Data rate on Tape ~1 MB/s ~ 100 MB/s ~ x 10?

Event size ~ 100 KB ~1 MB x 10

Rate on Tape 10 Hz 100 Hz x 10

Analysis 0.1 Hz 106 Hz x 10°
(Zo, W) (Higgs)
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Conceitos Basicos
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@A DAQ Trivial

External View

Sensor

Physical View

Sensor ADC Card

Logical View
AD

Trigger (periodic)
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@E‘ DAQ Trivial com Trigger

Sensor

Trigger

l Delay

Start

) 2

‘7Discriminator

ADC [

Pro% Interrupt

siry‘

I E se um trigger for produzido quando a

ADC ou o Processing esta’ ocupado?
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@E‘ DAQ Trivial com Trigger (2)

Sensor

Trigger

/, Discriminator

\ 4 Busy Logic
ADC Start
Proces- ntenript T et o
sin >| Clear
J Ready
. I Deadtime (%) — A relacéo entre o tempo em
que a DAQ esta’ ocupada e o tempo total.
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‘@‘ DAQ Trivial com Trigger (3)

Sensor
4 .
Trigger
! Delay
Start Busy Logic
ADC Y =29
Full
FIFO
DataReady
Proces-
~INg § Buffers: Dissociam a produgao e o consumo dos
| dados
g -> Melhor “performance”
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@E‘ DAQ Trivial num Acelerador

Sensor

Timing

U U
Beam crossing

BX

~ Start

f_

—

Abort

Full

7 Trigger
] Discriminator

EIFO

Proces-
sin

Storage.

DataReady

Busy Logic

I Sabemos quando ha uma coliséo -> o Trigger
e’ usado para “rejeitar” os dados.
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@ Desafios do LHC

p p crossing rate 40 MHz (L=103%3- 4-10%4cm™ s'1)

25ns

40 MHz
Level 1 I:l

<« ~ S -

100 kHz H
Level 2
<~ ~ mIS —_—
1 kHz
Level n

Timing: Tempo do 19 nivel de trigger excede o “bunch interval”

Sobreposicao de eventos e de sinal de varias colisdes (“signal pileup”)
porque a memoria das celulas do detector €’ maior que 25 ns

B Muito alto numero de canais
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r DAQ Trivial no LHC

Sensor

I Timing
Beam crossing LBX

¥

Clock

Analog
Pipeline

Pipelined
Trigger

ADC

% Accept/Reject

Full

( Busy Logic

EIFO

Proces-
sing

7DataReady

I Front-end Pipelines: Para esperar pela decisao do
trigger + tempos de transmissao sao maiores que o
periodo do beam crossing.
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@ DAQ Menos Trivial

N channels N channels N channels
27
ADC 155—IADC I ADC It ( Trigger
Proces) (Proces) (Proces) S°Me processing
- . i can proceed in
SiN Sin SIn

parallel
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A Realidade

Clara Gaspar, September 2019
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Trigger
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Sistema de Trigger

I Osistemade Trigger decide se um evento e’
Interessante ou nao

I Evento tipico em
ATLAS e CMS’

B >20 colisdes
podem sobrepor-se

il E isto repete-se
todos os 25 ns

B Um evento Higgs Reconstructed tracks
with pt > 25 GeV

JEm LHCb ndo e’ muito melhor e em Alice (PbPb) pode ate’ ser pior
Clara Gaspar, September 2019 16



@E‘ Niveis de Trigger

I Como os dados nao estao todos imediatamente
disponiveis e a funcao do trigger e’ muito complexa, €’
normalmente avaliada por aproximacdes sucessivas:

I Trigger(s) em Hardware:
| Rapido, usa dados so de alguns, poucos, detectores
| Tem um orcamento de tempo limitado
=® 1 Nivel ou, por vezes, 2

I Trigger(s) em Software:

| Refina as decisoes dos triggers hardware usando dados de
mais detectores e algoritmos mais complexos.

| Normalmente implementado usando programas que correm em
processadores.

=®» High Level Triggers (HLT) -> Trigger de Alto Nivel

Clara Gaspar, September 2019 17



©) Trigger Hardware

i Felizmente as colisbes pp
produzem principalmente
particulas com momento pTT\IO _
transverso “p,” ~1 GeV x\

I A Fisica interessante (conhecida
ou nova) tem particulas com
elevado p;

I Concluséao: o primeiro nivel de trigger tem que
detectar particulas com momento transverso
elevado
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@ Exemplo: Trigger do Calorimetro LHCDb

B Detectar alta
C ECAL HCAL
concentracao C
. Detector + PM
de energla > b A" Bxéi -:;ISIFE card
numa pequenat =1+

Superﬂ,C|e //// 10 m cables
- e
i . 5
=N
VME 9U crates g
: “Sqmar C?m 0S 14 (ECAL) + 4 (HCAL) =
vizinhos S
Each half crate: =
Address - 8 FE cards. =
request - 1 Validation Card .=
HCAL o]
Validation Walidation %
Breshok Card Carnd LVDS links 5
reshower
RS =
I Agregara oo a -
informacéo _ 70 1 !
) Selection Crates
i Avaliar a(s) @
decisbes Highest Highest | Second Total . 3
Electron Hadron Highest Energy LWVDS links =

LO Decision Box
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‘@‘ LHC: Transmissao do Trigger

Global Trigger Local level-1
— )
v

===
Os sinais de Timing e I”’ il ”ll

Trigger tém que ser
d' 'b 'd d |.|_u.|.|_|_u_|.u_u.|.|__|.u_u.|.|_|.J.|_|.u_u.|.
IStribuidos a todas il I ij i I Ii

~ 3 uS
latency

as cartas eletronicas ; # Trigger
de front-end Primitive
Font-End I Generator
pipeline
delay
accept/reject ? ~ 3MS

I Sistema digital sincrono a 40 MHz

I A sincronizacao a saida do pipeline nao e’ trivial =
“Timing calibration”
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Detectors
40 MH

1 MHz [

Readout
buffers

Event
building

Processor

Farm
5KH

Storage

Niveis de Trigger: LHCDb

B Level-0 (4 us) (processadores especiais)

z

I Alto p; em eletrbes, mudes, hadroes
I Pile-up veto.

Trigger
level O

B HLT (=ms) (processadores comerciais)

I Refinamento do Level-0. Rejeicao de
“background”

I Reconstrucao do evento. Selecao de
“canais” de fisica.

-

High leve I Precisa de todos os dados do evento
Trigger

=

Clara Gaspar, September 2019
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Niveis de Trigger: ATLAS

B Level-1 (3 pus) (processadores especiais)

Detectors . I Clusters de energia nos calorimetros

40 MHz I Trigger de Mudes: Matriz de coincidéncia de
Front-end Trigger tracking.
Pipelines level 1

100 KHz 7 I Level-2 (=ms) (~processadores comerciais)
Region of E;:I_._J I “Regioes de Interesse” (ROI) relevantes para
Interest a decisdo do trigger.
Readout I Agregacao da informacéo selecionada (ROI)
buffers level 2 via routers e switches.
Event ° KHZ I Algoritmos sofisticados com dados detalhados
building * mas apenas das regioes seleccionadas.
Processor i Level-3 (»s) (processadores comerciais)
Farms SUEl o I Reconstrugcao do evento usando todos os

200 H dados. Selecao de “canais” de fisica

Storage

=
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Aquisicao de Dados
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@E‘ Data Acquisition System

I Colecao e agregacao dos dados produzidos pelo
detector (para decisOes positivas do trigger)

I Eletronica de Front-End:
| Recebem os sinais do detector, de trigger e de timing e produzem
Informacéao digital.
I Readout Network

| Leitura dos dados dos front-end e formacao de eventos
completos
- Event building

I Processamento & Armazenamento
| Processamento e filtragem
| Armazenamento dos dados

Clara Gaspar, September 2019 24



@E‘ Front-Ends

i Especifico ao Detector (Home made)

I No Detector
| Pre-amplificacao, “Discrimination”, “Shaping”
amplificacao e “multiplexing” de grupos de canais
| Problemas: Niveis de radiacéo, consumo de energia
I Transmissao
| Cabos longos (50-100 m), elétricos ou fibra optica

I Nas “Salas de Contagem”

| Centenas de crates de FE:
Recepcao, Conversao A/D e Buffering

Clara Gaspar, September 2019 25



‘@‘ Estrutura de um Front-end

Detector
Amplifier

Filter

Shaper

Range compression

clock
——

Sampling

Digital filter

Zero suppression

Pipeline

Feature extraction
Buffer

I ] Format & Readout
Clara Gaspar, September 2019
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‘@‘ DAQ “Readout”

i Os dados estao agora digitizados, pre-
processados e marcados com um
identificador (nr. da colisao)

# Mas distribuidos por muitas cartas de
“read-out” ("sources”)

i Para a proxima etapa de seleccéo ou para a
escrita em disco temos que coleccionar os
varios fragmentos:

“Event Building”

Clara Gaspar, September 2019 27



@) Event Building

Data sources T T T T £

Event Fragments

==

[ Event Building ]

Full Events

Data storage E 3
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@ Trigger Software

i Higher level triggers (3, 4, ...)
Event
building *
Event filter
avel 3.4
Storage 8

i As experiencias LHC nao podem guardar todos os dados
adquiridos -> SO eventos “uteis” devem ser armazenados.

i A funcao de filtragem seleciona os eventos que serao
usados nas analises de fisica.

i Usa processadores disponiveis no comercio (PCs comuns)

Mas precisa de milhares deles em paralelo.

Clara Gaspar, September 2019
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@E‘ Event Building para uma farm

Data sources T T T T £ <
Event Fragments
=
[ Event Building ]
] ] ]
Full Events
Event filter CPUs @ <>

1

Data storage [ ]
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@ Readout Networks

B Podemos construir redes usando “buses” ou “switches”

0000 20000, 200008 0o
- M Q@ data

! ‘ ‘ ‘ processors

B Switches vs. Buses

I Abanda passante de um “bus” €’ partilhada por todos os
processadores. Adicionar processadores degrada a “performance” dos
outros. Buses, em geral sao pouco “escalaveis”.

I Usando switches, N transferéncias simultaneas podem coexistir.

Adicionar processadores €’ “facil” -> um switch maior. Switches séo
“escalaveis”.
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. Arquitectura de Readout

B Numa experiencia LHC

[ Detector Front Ends ]
Trigger
Leve! 1/2| ______ e Readout Units

Manager
vianager,

Event Filter Units

A T A |

Storage ]
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®) xemplo: LHCb

é Detector R
VELO[ ST [ OT [ RICH [ ECal [] HCal [|Muon
_LO < I I I
Trigger e )
v v v v N A
i i FE i FE

FE i FE i FE i FE i FE
Electronics|| Electronics|| Electronics|| Electronics|| Electronics|| Electronics|| Electronics

| S TN N SRR TN N

Readout Readout Readout Readout Readout Readout Readout
Board Board Board Board Board Board Board

N\ \ \ | / / /

\ 5 5 AronttEnz /‘ 4 /

—— o e -y
<
<

READOUT NETWORK

1LOtrigger

Event Builfling

Z /0N N N

plrlrlr|Plr|P|P| (PP [P[P[ |Pr|P[P| |PP|P|P| |P|P|P|P
ufululul|u]ululu| |uulufu| |u]ufufu| |ujulufu| {uju]u|u

HLT farm
Event data Average everfr size 50 kB
— — = Timing and Fast Control Signals Average rate into farm 1 MHz
Control and Monitoring data Avergge rate to Tgpe 5 kHz
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Volume de dados

Event Size L1 Rate Bandwidth |Storage Rate| Storage
(MByte) (KHz) (GByte/s) (KHz) (GBytes/s)
25 1 25 0.050 1.250
1 100 100 0.200 0.200
1 100 100 0.200 0.200
0.05 1000 50 5 0.250

Clara Gaspar, September 2019
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Level-1 Rate (H2)

10°

10* |

10°

102

High Level-1 Trigger

(1 MHz)

LHCb High No. Channels

High Bandwidth
( 1000 Gbit/s)

ives
/tes)

ATLAS
CMS
High Data Arch
.. (PetaBy
“A_LTCE
o o 10
WLEP
Event Size (byte)
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‘U

rades”

Now Upgrade (2019-2022)
L1 Rate |Event Size|Bandwidth] L1 Rate |Event Size|Bandwidth
(KH2z) (MByte) | (GByte/s) (KH2z) (MByte) | (GByte/s)
1 25 25 50 20 1000
100 1 100 200 4 800
100 1 100 1000 4 4000
1000 0.05 50 40000 0.1 4000

Clara Gaspar, September 2019
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LHCb Uparade DAC

Detector front-end electronics }

PUSRRY
C =--n--d|n|ll
1\
' P B
Eventbuilder PCs |

N

mlwm Eventbuilder network

switc
D e
-
Online
storage

OGbIt/S

subfarm
switch

JOC )8
] Eventfilter Farm \_‘[:[:
UL (up to 4000 nodes) :EE
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Configuracao, Controle e
Monitoragem
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4l SUpEervisao
Detector Control System (HV, LV, GAS, Cooling, etc.)

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ A A A A A A A A A A

Detector Channels

idd

LO

- VYV VYV VYV V PV Y VPV P P Y 9 m Y Y %Y 9 9 9 A A 9 Y Y YYYy
> Front End Electronics

A A I

a

vV V

\ 4 A 4 A 4 \ 4 A 4 \ 4 A 4 \ 4 A 4 \ 4 A 4 \ 4 A 4 \ 4

\ 4

a

Readout Network

v

a

\ 4

HLT Farm

a

\ 4

Monitoring Farm ‘ DAQ

External Systems (LHC, Technical Services, Safety, etc)
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Sistema de Controle

VELOX{ ST HCal [ Muon
: I yay 1 1 ’ & ” . » §
Trigger I I T R A |
1 L0 trigger | FE FE FE FE FE FE Fe |
LHC clock
I I ar ef aS 4 rony-En
]
I MEP'Request i ¥
READOUT NETWORK
el ulldil

I Configuracao

| Carregamento de parametros
(em funcéao do tipo de RUN)

| Activacdo/desactivacao de partes da expenenma

I "Partitioning”

| Possibilidade de utilizar partes da experiencia
concorrentemente e simultaneamente.

[ Monitoragem e tratamento de erros
| Detectar e recuperar problemas o mais rapidamente possivel

I Interface Utilizador

Clara Gaspar, September 2019 41



‘@‘ Sistemas de Controle LHC

| Baseado em sistemas comerciais
SCADA (Sistemas de Superviséo e aqmsu;ao de

dados) ~ o=

I Geralmente utilizados em:
| Automacao Industrial
| Centrais elétricas
| Transportes, etc.

I Fornecem:

| Bases de dados e ferramentas de configuracao

| Arquivamento de dados incluindo ferramentas de visualizacao
de dados historicos.

| Definicao e visualizacao de alarmes

| Ferramentas de design de interfaces utilizador
Clara Gaspar, September 2019 42




‘@‘ Operacao & Automatizacao

i As Experiencias funcionam 24/24 7]/7
i 2 operadores (non-experts)

I Automatizacao:

I Evita erros humanos e efectua mais
rapidamente os procedimentos repetitivos.

I O que pode ser automatizado:

| Operacoes standard (Start of fill, End of fill)

| Deteccéao e recuperacao de situacOes problematicas
(conhecidas)

I Como:

| Maquinas de Estados
| Ferramentas de tipo “Expert system”
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@E‘ I\/Ionitoragem

i De dois tipos:

I Verificar o “comportamento” da experiencia
| Tentar automatizar quanto possivel
| Uma boa Interface Utilizador
(homogénea e intuitiva)
I Verificar a qualidade dos dados adquiridos

| Producao e analise automatica de histogramas
(machine learning)

| Ferramentas intuitivas de visualizacao
| Event displays (raw data)
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LHCDb “Run Control”

EpaQ
ERunInfo
e
EmTEC
LT
[Ellstorage
[ErMonitoring
[EReconstruction
ECalibration

- [OTA_DAQ_FEE_T2
- [OTA_DAQ_FEE_T3
[EmoTA_DAQ_TELLL
[EoTA_DAG_Telll ORXContr
--[JOTA_RunInfo

~CJoTa_TFC

~CJoTa_HLT

~[JOTA_Storage
~[CJOTA_Monitoring

OTC

EmTru

[ injector
i
EAutorilot

+/- [6ig Brother
(#-[JServiceDomains

< T |

¥ View All Dwners

Monitoring

Reconstruction

Calibration

Nr. Events:
15502054

Step Nr: To Go:

Max Nr. Events:

[ x]
Sustom Stats i | Thu 07-Feb-2013  00:52:49
oo | 8| & —
Sub-System State —Run Info
pcs m Run Number: Activity:
DAl m [ 135883 [coLuisiontpa ~| Deferred HLT -
LI I-._@_ Run Start Time: Trigger Config: View... |
Runinfo [ rowms -/ [07-Feb-2013 09:37:45 [pa_2013 ~| ® DeferHLT
Run Duration: Time Alignment:
HLT _ﬂ 000:15:03 I~ TAE half window |0 v] I LO Gap
Swone | 5|
| 4 |
[ wamnie ] 4|
[ ]

HV

:

Deferred HLT Info

R

LO Rate:

I” Run limited to |0 Events
Automated Run with Steps: Start at:
I~ Step Run with |0 Steps |0

LHCb_Deferred l NOT_ALLOCATED ~ | l:@

Runs/Files: o/0

Processing:

% 50% 100%

-]

Disk Usage:29%

Efficiency Trigger Rates |

LHCb Elog |

| o]

TFC Control | TELL1s |

Sub-Detectors:

17192.04 Hz

Data Destination: |Ofline  ~| Data Type: |IONPROTON1S }:I v Automatic

HLT Rate: Dead Time: Overflow:
-100% -100%
-50% -50%
-0% -0%
5584.61 Hz 0.78 % 0.00 %

File: l/daqarea/lhcbfdata1201SIRAW/FULL/LHCh/IONPROTON13[135853 Run DB

TOET | Zff| veLoa | &| veLoc

HOT_READY ~

ecal |G| wea |G| muona |G| muonc |G

Messages:

Trigger Components:

LoDU

Tcao | §

mwa |G| tauc (G| Teu |G

U7=FEN-2013 U005 4 T = CHOT BXETUNTTY at o S TR T OTY
07-Feb-2013 05:03:42 - LHCh in state ACTIVE
07-Feb-2013 05:03:42 - LHCh in state RUNNING

07-Feb-2013 05:28:21 - LHCb executing action CHANGE_RUN

Clara Gaspatr,

September 2019

Acesso
homogéneo a
todas as partes
da experiencia
Operacoes
simultaneas
(partitioning)

Automatizacao
(Auto Pilot)
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{3 LHCb_LHC: TOP

LHCDb

System State
Big Brother
Sub-System State
LHC
BCM
Magnet
LHCb Clock
—Handshakes
LHC LHCb
R
—Voltages
System State Requested Settings

I LHCh_LHC_HV&LV

W

I PHYSICS vI

Brother”

| Wed 06.Feb-2013  09:47:22 ]

—Big Brother
= | t
3y Settings I e oy

—LHC

Mode: Fill Number: Energy:

|PrOTON-NUCLEUS P [3533 [4000 Gev
—Magnet

Set Current: Measured Current: Polarity:

[ 5850 A [sas0.0A [Down

—DB Interfaces

Run DB Server: . Cond DB Server:. PVSS Archive: .

=10lx]

—~VELO Closing M
Motion State

— &b

DAQ HV BCMBPM VTX

(A X X X
Motion Criteria |

Sub-Detector State Req.HV %0k HV State (AIC) a basit — past
VELO_LHC_HV lioeol eam Position otion System Position
X [ 069 mm XA [ 069 mm XC | 059 mm
TT_LHC_HV 100.00
IT_LHC_HV 100.00 Y [ 019 mm Y | 021mm
OT_LHC_HV 100.00
t B i
RICH1_LHC_HV 100.00 s IR SR it
RICH2_LHC_HV 100.00 06-Feb 06:19:09 - Now waiting for 2nd update of the BeamPosition. .. ﬂ
06-Feb 06:19:10 - X¥A=-0,169, X¥C=0.165, Y¥A=0.037, YW¥C=-0.076
PRS_LHC_HV 100.00 06-Feb 06:19:10 - Got good update(s), going to next step.
06-Feb 06:19:10 - End of automatic closing procedure
ECAL_LHC_HV [100.00 06-Feb 06:19:10 - Current YTX values frozen.| j
HCAL_LHC_HV 100.00 06-Feb 06:19:10 - Usina limits for ste: 0
MUON_LHC_HV READY 99.94
—Safety
Sub-Detector Requested LV LV State (AIC) Sub-Detector State
VELO_LHC_LV TT_Safety
TT_LHC_LV IT_Safety
IT_LHC_LV OT_Safety
RICH1_LHC_LV RICH_Safety
RICH2_LHC_LV MUON_Safety
Messages
06-Feb-2013 06:10:31 - LHCh LHC HV executing action GOTO PHYSICS j M
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I Controle
geral e
completo
baseado
no estado
do LHC
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|| Eile Edit View Tools

LHCb Online Presenter

Q@ SEw [ I

—Database Page Browser

Partition: [LHCh ~| Trend legth: |Last 10 minutes ~| ‘G Run:

4 ]137312

b [2) History using: |set run number ~ li o @

%=-0.00208333, y=0.885007

[ WARNING message 8101

[2013-02-15 173357

L JRILH.

423 shift

ALO: Display

ALO: Electrons and Photons
{F ECAL: Ecal Status Overview
CAL: Heal Status Overview
LT: 1- LO rates

LT: 2- HLT1 rates

LT: 3- HLT2 rates

LT: 4- System Info

LT: 5- Mass plots

B HLT: B- Online Conditions
LT: 7- HLT Trigger Rates

: Clusters

: Error banks

0CALD: Status

0DU: page 1: Status Overview

1 LoMuON: Status

HCh:Total Event Size

UON:1 Hits by ODE

Ey UON:2.Timing =
< Il |

—Alarms from Automatic Analysis -

D Alarms 0 Warnings 98 archived

= archive
(OcaLo
#-(IMUON
- (JHLT
[
- VELD

QAI least one VELO sensor shows too
=-@m
(3RIcH
cr

—Page Comments

Analysis alarm

Savesets/2012/LHCb/VeloDAQMon/11/12/VeloDAQMon-132114-20121112T014629-EOR.root

Avrg. Occupancy vs. Sensor

Entries—— 544

Occupancy/%
a

0.8
0.6
0.4

12fa0,
02

1 | I L 1 Il l 1 1 L | |

r 1 U 1 l
00

60 80 100
Sensor Number

v

&t least one VELO sensor has 0% occupancy. Please try a fast run change. If that does not fix it, or it re-occurs too frequently, call the VELO piguet. algorithm [i
CheckEmptyBins : Number of empty hins= 23

Created on Tue Aug 21 01:17:14 2012

Occured 44 times, solved 17 times, retriggered 16 times

Disappeared on Mon Nov 12 01:48:57 2012

1 editor canvas

JhistiSavesets/2012/LHCh/VeloDAGQMons1 1/12/VeloDAQMon-132114-20121112T014829-E0R root
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I Verificar a

gualidade
dos dados

Comparar
com
referencia

Analise
automatica
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5.4. 2010 1:30:09
Run 69618 Event

primary vertex  pies———
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7w -
‘3_.) Conclusoes

I Os sistemas de Trigger e de Aquisicao de dados sao cada
vez mais complexos.

i Felizmente as exigéncias da industria (telecomunicacoes,
computadores, etc.) também evoluem e contribuem ao

desenvolvimento de novas tecnologias:

I Hardware: Fast ADCs, Field-Programmable Gate Arrays, Analog memories,
multi-core PCs, Networks, Helical scan recording, Data compression, Image
processing (GPUSs), ...

I Software: Distributed computing, Software development environments,
Supervisory systems, Data Analytics and Machine Learning techniques, ...

I Uma grande parte dos nossos sistemas podem agora ser
desenvolvidos usando componentes do comercio (os front-
ends terdo de continuar a ser personalizados)

I E’ essencial acompanharmos os progressos feitos pela
Industria.
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