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Outline Part 2

» Requested Functionality of the CERN timing system

 |mplementation:
Hardware Detalls
Software Detalils:
- definition of terms
- applications
- tools

e Summary



Demanded Functionality of the Timing System

 In general: Stimulate the creation of any particle
beam type and assure the proper sequence of
transport and acceleration througout the chain.

* |n each machine or transport line:
Sequence or synchronize the time development of
every equipment down to the level of the micro-s.

* Provide absolute time information and time
stamping of data down to the level of ns.

 Function as a unidirectional broadcast system for
machine flags or safety information.
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CERN accelerator network
sequenced by central timing generator
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A CBCM Sequence Manager

. BEAM COORDINATION DIAGRAM EDITOR: Edit BCD /scrubbing SPS/ A= I

File Edit R.Checker Tools Specialist Help
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-Type
Description
-General description

Name |scrubbing SPS
Desc.

CreatedlMon Jun 02 07:02:20 Updated iWed Jun 11 13:54:16

Other informations
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[ Fault: Error detected. Can't strip Bed for machine SPS Exception: cern.ps.checm.sivapi.SrvException: Chem Server Exception: Can't get parameter SPS.FILLHOLES; nested exception is: Chcm Context Excemi]
11/Jun/2003 13:54 user | CPS.LABO.SUPERUSER . RChecker
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Hardware Implementation of CBCM

« Atasingle central place (CCR-Prevessin) we have the master timing
generator (CBCM = central beam cycle manager), which generates the
clock-beat and all relevant sequence information.

There is a hot spare system running all the time.

« Through reflective memory the generated information is shared with
the individual timing generator ChaSSIS for each machine.

» From these machine timing
cable/fibre optics links at a
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Hardware ||
LHC MTG

CPS and SPS telegrams and timings
and MTG synchronization when filling
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Hardware Implementation

...and at the other end of the timing cable:
Receiver modules in different form factors;
here shown in VME

- reception of timing infomsation

- programmed reaction to specihf

timing events
- reconstitution of clock references

- programmable hardware outputs

for integration into system
- programmable software interrupts

for system host

;
J&1
f
)
g
Z
s
o
or 2
ol
¥
vl
e

"9:©:0:0.0.0.0.

o )
d '\ EDe |
fik- -8




Outline Part 2

Software Detalils:

- definition of terms = lots of TLA or FLAB
- applications

- tools



Terminology: The Telegram

* Itis a set of parameters group values
(PARTY=PROTON, DEST=FTS,....)
describing what each accelerator should
do now.

« Each accelerator telegram layout Is
different

* Describe the present and the next cycle

* Telegrams drive the PPM/Multiplexing
and SPS Multi-cycling

* They are delivered each basic period.
(Currently 1BP = 1.2S)




Terminology: The basic period

* The basic unit of time use to define cycles.
Characterized by :

— a duration of 1.2s (Can be changed)
— a telegram (32 parameters/groups maximum)

— all cycle and super-cycle durations are a
multiple of this time

— IS the heart beat of the central timing



Terminology: The CYCLE

« Set of basic period
— Length = N x Basic Period

— Static telegram groups

« Their values don’t change within a cycle (USER=SFTPRO)
« They are mostly calculated at BCD build time offline

— Dynamic telegram groups

« Their values can change from a basic period to another
within a cycle (BPNM=1)

« They are sometimes calculated in real time

EASTA Cycle

~_ Basic periods

~.

A

v
USER=EASTA, PARTY=PROTON,BPNM=1 USER=EASTA, PARTY=PROTON,BPNM=2




Terminology: The BEAM

« Link cycles together
(same/different accelerators)
— When a beam is played by

MTG, all cycles of the beam
will be played.

— The basic unit of work for the
central timing

— Decisions taken by the MTG
on what to do next are based
on beams

« Defined by : P EASTC SFTPRO
— Set of cycles I |

— Phase between cycles
BEAM

BOOSTER
EASTA ISOGPS SFTPRO EASTA

| 1.2seconds SUPERCYCLE




Strong and Loose coupling

Strong Coupling
e Same supercycle
length

* Cycles are strongly
connected to create a
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* Free supercycle
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RT synchronization
with machine In
strong coupling for
beam injection

Supercycle can be
stopped
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Terminology: NORMAL/SPARE

« Maximize accelerator up-time.
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Terminology:
NORMAL/SPARE(2)

* Representation in software tools

Normal SFTPRO
CPS p.

Spare // ZERO

Normal SFTPRO

PSB

Spa re ISOGPS




Sequences

LHC Fill
Le\{el request
Switch
32 Levels
Lead-In Main Sequence for Fixed . Lead-Out
Pulse-Start to Target Pulse Stop
Fixed 14Gev
Target /\
Repeat
_ Lead-In Main Sequence for LHC filling Lead-Out
LHC Fill Pulse Start to Pulse Stop
»| 26Gev
Sequence Change
Lead-in Coast Eject
Ramp

Pulse Stop

Lead-out

Pulse Start -
Inject, Ramp/ Main




External Conditions

Comprised of Requests, Inhibits, Interlocks.
They are logic levels 1=Bad, 0=Good
They control the CBCM

— Normal <-> Spare
— Sequence selection

— BCD termination
Can be either hardware or software

Used By FIDO (= real time timing command interpretor)
to make decisions on what to do next



FIDo programs

« MTG Integrates the compiler and the interpreter.
e Can be downloaded in real-time

BCDs

External
Conditions

4 )

('h420 := (sftpro & (dumpint=0)) );
mdpsuser := (guser > 6) & (user < 24) & (tof=0) &(eastc=0))),

notspsmd := sftpro ! sftion };
nokfe71 := u_east ! sftpro };
proton 1= party=1;
antlgrot 1= party=2;
= party=5;
nobeam := party=6);
% Vacume Yo
e %

{ BExcon_2.vv_ps = Excon_2.wvv _ps);
({ BExcon 2.wv d3 :=(d3 & Excon 2.vv d3) );

F{ BExcon 2.vv _fta = ((fta_dmp ! fta_ad) & Excon 2.vv fia) )k

( BExcon 2.vv_atp = ((atp_d4 ! atp dd} & Excon 2 .wvv_atp) );
( BExcon_2.wv_sps := (fis & Excon_2.vv_sps) );
( BExcon_2.wv_ftn = (fin & Excon_2.vv_ftn) );

(———

Beam to produce
BCD to execute

- /




Beam Coordination Diagram editor

BEAM COORDINATION DIAGRAM EDITOR: Edit BCD Iscrubbing SPS! A= I

File Edit R.Checker Tools Specialist Help
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rType

Description e
~General description

Name |scrubbing SPS

Desc.

CreatedlMon Jun 02 07:02:20 Updated iWed Jun 11 13:54:16

Other informations

Fy

Bed length 20
ry

|m v ]| w © 0o | »w D w0 |
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LHCTEST

LHCTEST

<1-> 11 14

ISOGPS

ISOGPS

| »

[ Fault: Error detected. Can't strip Bed for machine SPS Exception: cern.ps.chem.sivapi.SrvException: Chcm Server Exceptmn Can't get parameter SPS.FILLHOLES; nested exception is: Chcm Context Excemll

11/Jun/2003 13:54 user | CPS.LABO.SUPERUSER + Rchecker | |




File Edit Tools Help
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rTyne

Description ﬁ

rGeneral description

Name |LHO filling 3 batches

Desc. |LHC Filling 3 batches - JCB
Testnnlﬂ

Created|Thu Jun 27 16:66:31 | Updated |ThL| Jun 27 16:25:05

rOther informations

Fy Y
Bcd length 22  Bodstatus | Unknown
Ty
] S
S
p
]

EEER F

[ applic unfrozen

18’2002 14:51 IUSER CPS.0OPER.SUPERUSER




Injection

rendezvous Loose coupling ADE
points Sta;t point F)]mction points Eject z;mtiprotons

Help

/
/
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=| AN / adeditor y/4
File Cycle Singie Mm / // /
WorkingMode: CYCLE \\ / / / /
Elements
RP 50 3574 Al
FT 3574
RP 3h7d 2000 3931 \\ /
FT 2000 3500 ) .
RP 2000 2000 C00||ng
FT 2000
RP 2000 300 3000
FT 300
RP 300 300 M 2500
FT 300 s
RP 300 300 v 2000
FT 300 /
BR300 100
FT 100 < 1500
RP 100 100
FT 100 1000
R 100 G50
FT B0 500 j
- 454 ! : : r .
# 0.00e+00 2. 00e+04 d.00e+04 b.00e+04 8.00e+04 8. .Z26e+04
|
[ | ]
Start End Duration (ms) Rounding[ms] Flat startdend(ms] CTIM start
A A AA A& A A A A AA A A A A A A A A A A A A A CtimStartlabell
RAIP 1.00 1.00 1 1 1 g
CtimEndLabell
FY¥Y ¥Y¥ ¥Y¥¥Y ¥¥ ¥
Mo message




Make MTG table

BEAM COORDINATION DIAGRAM EDITOR: Edit BCD /scrubbing SPS/

File Edit RChecker Tools Specialist Help
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Name [scrubbing SPS

Desc. ‘

Created Mo Jun 02 07:02:20

Updated Wed Jun 11 13:54:16

-Other informations:
s

Bedlength 20
v

oo w0l

mo vl ®v ol

<

i

File Cyele Singie GFA Mode Help
WorkingMede: CYCLE
Elenents
RP 50 3574 -
FT 3574
RP 374 2000 SERL
FT 2000
RP 2000 2000 3500
FT 2000
RP 2000 300 3000
FT 300
RP 300 300 M 2500
FT 300 o
RP 300 300 v 2000
FT 300 ;
RP 300 100
[ ¢ 1500
RP 100 100
FT 100 1000
R 100 5
FT 500
- 45
0.00&+00 2.00e+04 4.00e+04 6.00e+04 8.00e+04 9.26e+04
———1=
Start End Duration (ns) Rounding[ns] Flat start/endlns] CTIN start
hhhd hh AbAA 4 FYYV Y ahdh hhad CtanstartLabell
RelfP 1.00 1.00 1 1 1 I end
ChinEndLabell
YYYY ¥Y 9¥YVY ¥Y¥ ¥
No message

[ (O Fault: Ervor detected. Can't strip Bod for machine SPS Exception: cern.ps.chcm.sivapi.SvException: Chom Server Exception: Can't get parameter SPS FILLHOLES; nested exception is: Chcm Context Excepti]

11/Jun/2003 13:54

+_Rchecker

user [ CPS.LABO.SUPERUSER RES

The BCD is the result of the merging of BCDsproduces by the two editors.

BCD




BCD Editor: Rule checker

. Beam coordination diagram editor: Edit BCD lcurrent hw setting/
File Edit R.Checker Tools Specialist Help
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Description | Rule violations | Selection |

Route | Rule name | Error
Twio congecutive CPS EAST cycles must have the same USER name Previous EAST user should have the same name
Twn consecutive CPS EAST cvcles must have the same UWSER name Erevious EAST user should have the same name
Two consecuty Twe consecutive CFS EAST cyeles must have the same USER name: Liqys EAST user should have the same name
Two consecuti Two different CPS EAST cycles must be separated at least by 1 BP ious EAST user should have the same hame
Two consecutive CPS EAST cycles must have the same USER name FPrevious EAST user should have the same name
Two consecutive CPS EAST cycles must have the same USER name Frevious EAST user should have the same name
Twio congecutive CPS EAST cycles must have the same USER name Previous EAST user should have the same name
Two consecutive CPS EAST cycles must have the same USER name FPrevious EAST user should have the same name
Two consecutive CPS EAST cycles must have the same USER name Frevious EAST user should have the same name
Twio congecutive CPS EAST cycles must have the same USER name Previous EAST user should have the same name
Two consecutive CPS EAST cycles must have the same USER name FPrevious EAST user should have the same name
Two consecutive CPS EAST cycles must have the same USER name Frevious EAST user should have the same name

=N TR RPN SRR L =

SIS e

rType

DN 0 o 2 2 20 0 0 0

1]

P <1 1 2 R [ R IS 7 8 9 10 11 2 | 13 | u
EASTC TOF AD
o TSTLHC - EASTC e Fin D TOF | MDPRO LHC
TSTLHC
s D3 ZERO | ZERO EASTA ZERO AD ZERO | MDPRO | ZERD TOF ZERO
I 1 D0 [ e B T i T T e e 12 13 1u |
TSTLHC | ISOGPS MDPRO | MDRF LHC
d e DU | EASTA | MDLHC | EASTA | MD2 | TOF AD I ZERO I TOF I Deh Den be ZERO
B ‘TSTLHC ‘ ZERO ‘ISOGPS ‘ ZERO ‘ EASTA ‘ ZERO ‘ ZERO ‘ ZERO | ZERO | ZERO |MDPRO ZERO TOF ZERO

[ applic unfrozen |

15/50p/2003 16:45 ser | CPS.TEST.SUPERUSER ~ RChecker | |




Seguence manager

% cern.ps.app.choosebestseq.ChooseBestSeq
File Edit Search WView Specialist Help

00 Sep 03 13:57:42 @ add

"ﬁ Refresh "% Send

Current Hardware Settings |

Remaove "E Clear | LE_igI Viewer || i+ Editor

Current Hardware Setting & Flequests

" Level | = SequenceHame |  Bcd Hame : . Description  Created Modified Requested |
i SPS supercycls 950 EPE Supercycle 950 lee target + WD 07 .07.2003 16:30:24 || 07.07.2005 16:350:24 [ |
[ Fixe target - Coast Fixe target - Coast prepare Zoast for fixe target. 07072003 161404 || OF.07 2003 161556 i
| Fixe target - coast
Fixe target - Coast recover
13 ZEro Sequence Pulse stop SPS MPS This Sequence is a system sequen... 07.07.2003 1432:52 07.07.2003 15:37:32 .

Zero Bed
Pulse Start SPS MPS

MTG Sequences Status (STRONG COUPLIHG Maehmes}

Level _ SequenceHame |  SequencesTatus | BedHame || 'PSB Bed Status CPS Bcd Status | SPS Bed Status

1 P supercycle 950 IIBF'S Supercycle 950 I N

2 Fixe target - Coast Fixe target - Coast prepare |___

' LOADED Fixe target - coast I N
Fixe target - Coast recover I N

13 Zero sequence Pulse stop SPS MPS I N
Zero Bed | AcTWE | ACTWME |  ACTWME |
Pulse Start SPS MPS

All machines are playing the last sent Segquences set.

=

pspcidid:ChooseBestSequence:LABO.SUPERUSER: 3112

=2 Reservation:

|i Level Selection |

|i Configuration ||

| (1 Applic unfrozen




MTG diagnostic

X -H YMTG Diagnostic Version 3.00 {Feb 19 2002) |[=][ax]
File Rur Yiew Help
| SEG_3 Ea
[51-651
ZERD PRLISE FALSE
]
SFTPRD | SFTFRO ERSTC TIOF ERSTE ERSTE
[2] [2] [4-5] [2] [17-12] [14-15]
ZERD [ SFTPRO | ZERD [ ZERD ERSTC ZERD | ZERD | ZERD | ZERD ERSTC ERSTC
[21 [2] [4] [5] [E=71 [21 [al [10] [11] [17-13] [14-15]
SFTPRO | GFTPRO [ ERSTA [ GTAGISO STAGISO | TOF [ TSTLHC | LHC | STAGISO | ERSTE | STAGISO | ERGTE | STAGISO
[11 [21 [Z] [4] [E] [7] [21 [91 [111 [12] [12] [14]
ZERD | SFTPRO | ZERD ZERD K| EASTA | ZERD ZERD ZERD ZERD EASTA | 2ZEROD | ERSTA | ZERO
[11 [21 [2] [4] [5] [&] [71 [21 91 [111 [12] [12] [141
Freeze

Lazt Error:

HORMAL

LIN3D=L0OCAL
MISC=5TAG
CYTAG=4365
EPHr=4
COMLM=
SCHLUH=0)
SPCOM=
CYCLE=0
NUSER=L0}F
NPART =107
NDEST=L0%F
NLIMZD={07
NLIMZD={07
MHMISC=
HCYTARG=0

RICARL kI

Thu Jul 18 15:08:20 2002
MachinetPSE —> Bad external conditions
The Beam waz HOT executed,

PSB.YGPS_RO  'ISOLDE GPS beam request’
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Timing events (CTIM) @)

Virtual event

« Controllable by knobs in real-time

Key events

}

E| P4, HC-HTG E

Vriccess | Unlock
Pulse | Enabled
CLCY

Ref 170 ms
Init 170 ns

Ak kA

170 ms

TYYY

=| | PLAHC-HTG E

Wriccess | Unlock

EIPI}{,FEDD—HTE E E| PIH M20-HTG E E| PLH MLO-HTG E

Vriccess | Lock

Wriccess | Lock

Vriccess | Lock

CCY1

Fef 0 ms

Init I
s
0 ms

YYT¥Y¥
AN : 170 ns

0 ms

CCY1

Fef  _900 ws

Init

900 ms

o

—900 ms

YYTYY

AOND

—730 ns

Loyl
Ref 20 ns
Init | 20 ms
A kA A
—-20 ms
YYrYY
ADND : 150 m=

CCWL
Ref -10 n=
Init | 10 ns
A ok A A
-10 ms
YYY¥Y¥
AOND : 160 ns
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Summary Part 2

7|

« The CERN timing system is an almost unique technical
solution to a very complex timing/sequencing problem. Only
a few accelerator centers in the world are confronted with its
complexity of operation.

 The functionality/hardware implementation has evolved over
the past decades. Lots of legacy equipment has still to be
supported.

 Presently a project is under way in order to:
- simplify hard- and software
- Increase functionality (higher resolution, bidirectional
Information)
- name: White Rabbit - please visit BE-CO-HT webpages



