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H 1e +  or e - p

9 6ns
be tw e e n be am  crossings

L45

H 1 Events
60H z
1k B- 1MB , ~ 100k B 
average
~ 6 MB/s sustained average

L45 trigger
Full event reconstruction
Back ground rejection ( eg vertex position )
Event Classification ( assign to output stream  )
Finders -  select special ph ysics ch annels
Downscale soft ph ysics
Monitor &  Calibration

Storage
~ 3 MB/s
RAW
DST
RANDO M
LED...

Data tak ing in "runs" of few m inutes to one h our.
A run h as fixed trigger and readout settings.
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L45 upgrade H ERAII

O LD NEW

VMEbus processors
standalone program s

Network ed PCs

- Sam e platform  as offline com puting (identical software) - resources can be sh ared  
- lower cost  - expandable network  &  cpu - sam e fram ework  for reprocessing

standards based event distribution fram ework
CO RBA for data and control - > m ultiple language bindings
C+ + /Fortran/C - > link  binary code from  H 1 standard libraries
Pyth on - > control &  setup scripts
Java - > h istogram  collection &  display, run control

Approach :

Investigations sh owed th at data transfer via CO RBA is fast ( >7MB/s on 100Mbit network  ) 
with  <1m s/call overh ead => transfer in ch unk s of ~ 500k B.
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 W h at is CO RBA ?
Com m on O bject Request Brok er Arch itecture
open, vendor- independent, standardised arch itecture and infrastructure for rem ote m eth od 
call via network
standard protocol IIO P over TCP
m ultiple im plem entations including open source
any com puter, operating system , program m ing language

IDL interface definition language independent of program m ing language
IDL com piler produces stubs ( client ) and sk eleton ( server ) code in target language

# include  "logge r.idl"
# include  "e ve nt.idl"
# include  "pe rf_m onitor.idl"

type de f se q ue nce  < Eve nt >  Eve ntSe q;

inte rface  e Re pository {
  // Raise d w h e n trying to re giste r to a re pository w h ich  is alre ady
  // closing ( th e  e ofm ark e r h as be e n re ad )
  e xce ption Close dExce ption{
    boole an notifie d;
  };

  void store Eve nt(inout Eve nt e , in unsigne d long tId) raise s( Close dExce ption );
  void store Se q (inout Eve ntSe q  e Se q , in unsigne d long tId) raise s( Close dExce ption );
  void store Barrie r(inout Eve nt e , in unsigne d long tId) raise s( Close dExce ption );

};

IDL

inline
void MReader::storeSequence( EventSeq_var & seq ){
  try{
    _writingReps[0]->storeSeq( seq.inout() , _gId );
  } catch( ... ) {
    cout << _name << "Exception while storing sequence." << 
endl;
    throw;
  }

C+ +
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 W h at are th reads ?
th reads are m ultiple program s running on sam e data
om niorb is m ulti- th readed ... it allows m ultiple sim ultaneous calls
user code m ust care for synch ronisation wh ere necessary 

O RB tak es care of setting up tcp connections and reusing th em  wh ere appropriate
om niorb is careful not to m ak e unnecessary context switch es 

M UTEX - m utual e xclusion - pre ve nts a block  of code  from  be ing 
e xe cute d sim ultane ously in se ve ral th re ads

RECURSIVE MUTEX - ne e de d for th re ad safe  w rappe r around le gacy 
fortran library

CO NDITIO N VARIABLES - allow  th re ads to k now  w h e n a condition is 
re ach e d ( th row n )

synch ronisatiom
  pthread_cond_init( &_confirmCond, NULL );
  pthread_mutex_init( &_commonLock, NULL );
}
//----------------------------------------------------------------
-
void BarrierSrv_i::unRegisterFromBarrierServer( unsigned long iId 
){
  MutexGuard guard( &_commonLock );

  delete _orbiMap[ iId ];
  _orbiMap.erase( iId );

  --_registeredNum;
  cout << "BSRV: input with iId: " << iId << " removed." << endl;

  if( !_registeredNum ){
    cout << "BSRV: all inputs left, stopping the barrier server." 
<< endl;
    _stop = true;
    pthread_cond_signal( &_confirmCond );
  }
}

C+ +
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Event Repository -  1.Basics

writer task s reader task s
Event Repository FIFO

a first- in first- out event store
read and write sim ilar to sequential file access
events stored in repository as suitably siz ed sequences
sequences are created wh en single events are inserted
only entire sequences are transferred between repositories via network
m ultiple writers &  readers sim ultaneously -  m ulti- th readed orb
no expensive data copy required
used both  for event collection and distribution

w rite _e ve nt
w rite _se q ue nce

re ad_e ve nt
re ad_se q ue nce



Event Repository -  2.Synch ronisation
Event Repository FIFO

1

2

3 2

2

Barriers
seperate event flow into block s ( eg runs ), events stay with in a block
all output events in a block  arrive before any event from  th e next block
events m ay be dropped from  ( eg trigger reject ) or added to ( eg extra 
calibration data ) a block
barriers are eg run start/stop, file begin/end, nth  event calibration trigger 

Barriers assigned increm ental num ber wh en first written to its source repository
all writers m ust write a barrier before any readers can read it
writers write event sequences in front of a barrier wh ich  th ey h ave not yet written
as soon as all writers h ave written a barrier it becom es readable
barriers are not rem oved until read by all readers
a reader can read sequences beh ind barriers h e h as already read
each  barrier is distributed to all repositories
repositories m ust be large and barriers infrequent to not h inder data flow

Alan Cam pbe ll 12.04
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Event Repository -  3.Link ing

Insertion into data flow -  3 step process

tell sink  repository we will deliver front- m ost non- readable barrier

tell source repository we will read from  front- m ost barrier

tell sink  we will deliver only from  barrier num ber given by source repository

Sim ilar care needed to detach  from  flow norm ally or abruptly

2 1

3

1

2

3



Alan Cam pbe ll 12.04

Event Repository -  4.Barriers with  Data
Barriers are "broadcast" to all repositories and m ark  tim estam p in dataflow.
Data Attach ed to barriers provides distribution of constants.

Event Repository FIFO

Persistent Barrier Cach e

ensures sam e constants for sam e block  
on all processing nodes
avoids m ultiple access to database
tim ely distribution of run- start records 
ie run settings

W h en barrier with  data is rem oved from  
repository it enters a cach e, replacing last 
barrier of th is type.
New readers first read th e barriers in th e 
cach e to obtain all current constants.
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O verall Dataflow

H 1

Barrier insertion

x18
L45 process

reads eventwise from  input repository on sam e m ach ine
copy of event k ept until new event requested
no event lost in case of L45 process abort

l45const -  extra barrier creation process
allows for m ultiple input processes
inserts additional barriers in data flow if new constants available

L45L45 L45

L45const
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Controller

Maste r
Controlle r

Slave
Controlle r

Corba
Nam e se rvice

Controller -  process creation and corba object h andling ( pyth on &  om nipy )
Master controller
starts slave controllers via ssh
provides global process ids
m aintains lists of object references eg of event repositories, h istogram  servers
m aintains list of repositories and th eir reader/writers
Slave controllers start processes for m aster, ch eck  &  restart processes
controllers are restartable

spaw ns
Nam e IO R GPID

Logge r

Logger
STDO UT

.......

C+ +  th read reads STDO UT
collects lines
transfers to logger via corba
logger process dum ps to disk
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O nline H istogram s

H istogram
Display H isto 

Data

Corba Th re ad

Corba th read C+ +  calls fortran h istogram  pack age ( LO O K )
LO O K m odified to add recursive m utex
H istogram  display fetch es and sum s data from  all processes( Java, JAS, corba )
New: web access via corba web server in pyth on ( om nipy,biggles,svg )

O nline Event Display
rare events m ay be selected for th e online event display
selection criteria are sent as 'constants' via l45const
events selected in L45 are written as special records
latest event is k ept in logging process and fetch ed for display via corba
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Calibration

L45L45 L45
H 1

Barrier insertion

x9

L45 process
outputs ntuples of data needed to com pute calibration
dum ps to data stream  as special records

l45const -  inserts new constants barriers on run start if available on disk
or im m ediately on request via corba

Com pute
Constants

L45const
O racle

Database
Update

Constants



Alan Cam pbe ll 12.04

Th rough put

L45L45 L45
H 1

x9

online L45 process
18 dual pentium III 1GH z  - > 36 l45 processes
typically 5 Mbyte/s input , 3 Mbytes/s output sustained average
50 H z  of 100k byte raw data events

reprocessing
input from  dcach e ( with  prestage requests ) )
13 dual Xeon 2.8GH z  m ach ines - > 52 repro processes
typically 3.4 m illion events/day ( 40 H z  ) 6.5 MB/s output
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Trigger Algorith m  Steering

'MODULES;'
'L1=L_RNDM,L_L1_L5SKIP;'
'QT=I_QT_NHITCRJE,#L1;'
'CJC=I_CJC_NUPSTRTRACK,#QT;'

'L1RESET;'
'L_L1_ALLST      = 0-127;'

'TRIGGER;'
'* Accept Very High ETJET events;'
'L4_HS_VHETJET  =  L_L1_VHETJET                  &'
'                  R_CJC_ZVX>-60.                &'
'                  R_CJC_ZVX<110.                &'
'                  R_ENFL_ETJET>20.0             &'
'                  L_L1_SETSKIP                  &'
'                  L_L1_ECBIT07                  &'
'                           :ACCEPT:0.00:CONTINUE;'
'******* reject obvious background **********;'
'L4_CJC_VTXZ_DOWN= L_L1_ALLST                    &'
'                 R_CJC_ZVX>100.0:RESET_ALLST:0.1;'

'ACCEPT;'
'H1REC   :1.0;'

'HISTOGRAMS;'
'MAIN   = 50,0.,5000000.#    1,0;'
'QT     = 25,0.,  50000.# 1000,0;'
'L1     = 25,0., 100000.# 2000,0;'
'CJC    = 50,0.,2500000.# 4000,0;'
'R_FNC_ESUM = L4_EFS_FNC_Q2   :60, 10.,1210.;'
'R_CJC_ZVX  =                 200,-250.,150.;'

algorith m  defined in text
stored in database

definition of processing m odules
variables wh ich  can be calculated by m odule
dependencies between m odules

definnition of trigger m ask s

statem ents executed until accept/reject
m odules called only if variable needed
statem ent aborts if a subcondition is false
if all subconditions true action tak en
ACCEPT/REJECT/RESET_MASK
RESET_MASK is reject only if no bits rem ain
CO NTINUE specifies test statem ent
fraction specifies m onitor/scaledown
h istogram s per statem ent records result

extra processing if accept

m odule tim ing h istogram s
variable h istogram s
variable h istogram s for individual 
statem ents
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Sum m ary &  Conclusions

H 1 Experim ent H igh  Level Filter 

* Event Repository organises data flow 
and synch ronisation
* m ultith reads overlap data transfer and 
processing
* successful m ix legacy FO RTRAN and 
with  C+ +
* very stable system
* CO RBA gives language &  network  
independence
* entirely open standards, open source




