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SMP 3v0
Introduction



Safe Machine Parameters

receives accelerator information
generates flags & values
directly transmitted and / or broadcast

injection procedure J L protection configuration

Beam Interlocks
Extraction Interlocks Collimation

Beam Loss Monitors ...

*fast *safe *reliable *available
CERN = System Safety



Two Controllers

Machine
Energy

Broadcast

A
4 A

SPS Set-up Beam Flag

SPS General
Machine
Timing

—

Directly Transmitted

A
4 A
HiRadMat Cycle Flag

CNGS Cycle Flag
LHC Cycle Flag
SPS Probe Beam Flag

Machine
Energy

Beam _ SPS
Intensity Safe
Machine
n Parameter
N
=1 Controller
Beam >
Intensity
i N
' LHC
Safe
Machine
Beam ——— > | Parameter
Presence Controller
Beam Mode ——>
Squeezing Factors —>

LHC General
Machine
Timing

LHC Machine Energy
—> LHC Beam Intensity 1
LHC Beam Intensity 2
Moveable Devices Allowed In
Stable Beams Flag
Squeezing Factor 1/2/5/8
—>LHC Beam Presence Flag 1 LHC Beam Presence Flag 1
—>LHC Beam Presence Flag 2
—> LHC Set-up Beam Flag 1

—> LHC Set-up Beam Flag 2

LHC Beam Presence Flag 2
LHC Set-up Beam Flag 1
LHC Set-up Beam Flag 2
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SPS
Parameters



SPS Probe Beam Flag

SPS East
OPERATOR_PROBE_BEAM_LIMIT —=> SPS Probe Beam Flag > Extraction
PROBE_BEAM_LIMIT —=> Interlock
Controller

SPS — SPS BCT4 INTENSITY A > o
Beam Current - - - SMPC SPS West
Transformer 4 Extraction

— SPS BCT4 INTENSITY B

(BCT 4 / BCT 405) —BLIa B> SPS Probe Beam Flag = .\ jock
Y Controller

SPS Low Intensity

Beam Measurement SPS_BCT4_INTENSITY

Fail-Safe = FALSE

Fail-Safe = 1.6777215e15

- SPS_BCTA_INTENSITY_A > | oncity

Decoder —— SPS_BCT4_INTENSITY —>

- SPS_BCT4_INTENSITY B=>{ 1out of 2

SPS_PBF = TRUE when
(SPS_BCT4_INTENSITY < PROBE_BEAM_LIMIT)
else SPS_PBF = FALSE

PROBE_BEAM_LIMIT may be trimmed down by OPERATOR_PROBE_BEAM_LIMIT

1.4e10
1.0el1

OPERATOR_PROBE_BEAM_LIMIT
PROBE_BEAM_LIMIT
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SPS Setup Beam Flag

Fail-Safe = FALSE SPS Transfer

SPS General Line Interlock
Machine Controller

SETUP_BEAM_LIMIT =

— SPS Set-up Beam Flag

Timing '
SPS
SPS East
Beam Current SPS_BCT3_INTENSITY_A > SPS Extraction
— SPS Set-up Beam Flag =
Transformer 3 SPS BCT3 INTENSITY B > SMPC Interlock
(BCT 3 / BCT 30S) - - - Controller
/| -
SPS High Intensity SPS_BCT3_INTENSITY S oactior
— — Extraction
Beam Measurement — SPSSet-up Beam Flag —=>| ' ° "
Controller
- SPS_BCT3_INTENSITY_A —=> Intensity
Decoder —— SPS_BCT3_INTENSITY —>

- SPS_BCT3_INTENSITY B->|  loutof2

Fail-Safe = 6.5535e14

SPS_SBF = TRUE when
(SPS_BCT3_INTENSITY € SETUP_BEAM_LIMIT)
else SPS_SBF = FALSE

SETUP_BEAM_LIMIT = 5.0ell
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Probe / Setup Timing

™ :
/ I
|
—1s :
|
|
Intensity l
|
Energy i
|
i +2s
|
_—— I I -
| |
| |
Flag FALSE TRUE or FALSE | FALSE
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SPS Energy Flags

SPS Fail-Safe = FALSE
Beam Energy
— SPS BEM4 ENERGY
Meter - - > — HiRadMat Cycle Flag —>
Poi t4(BA4) SPS West
omn SPS_MACHINE_ENERGY-] Extraction
EXT1_BIC
LHC Cycle Flag —> -
SPS
Beam Energy | SPS
Meter SPS_BEM6_ENERGY —=> SMPC
Point 6 (BA6) E400 LOWER LIMIT => LHC Cvle Fla
E400 UPPER LIMIT => Y g >l sps east
E440 LOWER LIMIT > Extraction
E440 UPPER LIMIT > EXT2_BIC
E450 LOWER LIMIT => CNGS Cycle Flag >
E450 UPPER_LIMIT =

— SPS_BEM4_ENERGY >
Energy Decoder

1 out of 2 — SPS_MACHINE_ENERGY —=>

— SPS_BEM6_ENERGY —>

Fail-Safe = 524.280 GeV
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SPS Energy Flags

E_CNGS = TRUE when

[ SPS_MACHINE_ENERGY > E400 LOWER_LIMIT = 397.440 GeV
AND
SPS_MACHINE_ENERGY < E400 UPPER_LIMIT ] = 402.600 GeV

else E_CNGS = FALSE

E_ HIRADMAT = TRUE when

[ SPS_MACHINE_ENERGY = E440 |LOWER_LIMIT = 437.400 GeV
AND
SPS_MACHINE_ENERGY < F440 UPPER_LIMIT ] = 442.560 GeV

else E_LHC = FALSE

E_LHC = TRUE when

[ SPS MACHINE ENERGY > E450 LOWER LIMIT =4438.440 GeV
AND
SPS_MACHINE_ENERGY < E450_ UPPER_LIMIT ] = 453.600 GeV

else E_LHC = FALSE

bis-smp-team@cern.ch SMP @ MPP
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LHC
Parameters



LHC Energy

LHC_MACHINE_ENERGY Radio
Frequency
\‘ Beam Dump
Beam-1Energy |— LHC_MACHINE_ENERGY_1A —> LHC Safe
Dipole 71| Tracking System [— LHC_MACHINE_ENERGY_1B —=>| Machine LHI\; Gfperal Collimation
achine
Cu"entsx Beam-z Energy |— LHC_MACHINE_ENERGY 2A —> l;aratme“ter Timing Injection
Tracking System [— |HC_MACHINE_ENERGY 2B —>| “Ontrolier Kickers
Beam Loss
Monitors
Software
>| Cross Check [<
SIS
— LHC_MACHINE_ENERGY_1A = Fail-Safe = 7864.200 GeV

— LHC_MACHINE_ENERGY_1B —>| Energy Decoder
— LHC_MACHINE_ENERGY 2A —=>| 2outof4
— LHC_MACHINE_ENERGY_2B —=>

— LHC_MACHINE_ENERGY —>

highest of the VALID received values to be LHC MACHINE ENERGY
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LHC Intensity

LHC_INTENSITY_1A
LHC_INTENSITY_2A

LHC_INTENSITY_1B
LHC_INTENSITY_2B

VIR

LHC Safe
Machine
Parameter
Controller

— LHC_INTENSITY 8 1 —=>

Divide by 100

24-bit values

Beam-1 Current4—>
DCCT A System
9
N
7~
DCCT B System
Beam-2 Current——>
— LHC_INTENSITY_1A —> Intensity
Decoder
— LHC_INTENSITY_1B —> 2 out of 2
— LHC_INTENSITY 2A —> Intensity
Decoder
— LHC_INTENSITY_2B —> 2 out of 2

N S

— LHC_INTENSITY 8 2 —=>

highest of the VALID received values to be LHC _INTENSITY x

Divide by 100

Fail-Safe = 1.6777215e15

SMP @ MPP

LHC_INTENSITY_1
LHC_INTENSITY_2

LHC General
Machine
Timing

LHC_INTENSITY 1 —>

16-bit values

/

LHC_INTENSITY 2 —>

Fail-Safe = 6.5535e14
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LHC Set-up Beam Flag

LHC_MACHINE_ENERGY ——>
LHC_INTENSITY_1 —>
LHC_INTENSITY 2 ——>

NORMAL EQUATION ————>
RELAXED EQUATION ——>
VERY RELAXED EQUATION ——>
ION EQUATION ————>
LHC_SBF_1_FORCE ——>
LHC_SBF_2_FORCE ——>

LHC Safe
Machine
Parameter
Controller

LHC General
Machine
Timing

LHC_SBF_1
LHC_SBF 2

SPS West
Extraction
Interlock
Controller

— LHC_SBF.1 —>

SPS East
Extraction
Interlock
Controller

— LHC_SBF 2 —>

SMP @ MPP

LHC Beam
Interlock
Controller
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LHC Set-up Beam Flag

LHC_INTENSITY_1 —> FORCE_SBF_1 —>
Determine Force to False
>|  Setup |- ACTUAL_LHC_SBF 1> - LHC_SBF_ 1 >
Flag 1
Beam Flag 1
LHC_MACHINE_ENERGY —=>
NORMAL_EQUATION —> . .
RELAXED_EQUATION —> Dg”ve SL?t .‘ip - LHC_SBF_LIMIT o Fail-Safe = FALSE
VERY_RELAXED_EQUATION —>| ©Beam timi
ION_EQUATION —>
Determine Force to False
>|  set-up |- ACTUAL_LHC_SBF 2 > - LHC_SBF 2 >
Flag 2
Beam Flag 2
LHC_INTENSITY 2 —> FORCE_SBF 2 —>
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LHC Set-up Beam Flag

] | | |
- —VERY RELAXED Equation

—RELAXED Equation

1E+12 —NORMAL Equation —
limited to 5.0/x 101!

N

1E+11 \

——ION Equation

\\ FAI|SE
wXLSE 7\ / ——

TRUE f \
\
~_

v

N
—]
=
d

—

/\ FALSE
VITRUE ]
~——__ | | FALSE

o
TRUE

Beam Intensity [p]

1E+10

1E+09 T T T T T T T T
1 1,001 2,002 3,002 4,003 5,004 6,005 7,006

Energy [GeV]
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LHC Beam Presence Flag

Beam-1
Position

Beam-2
Position

Beam-1
Current

Beam-2
Current

l

l

Beam Position
Monitor (BPM)

Beam Position
Monitor (BPM)

Fast Beam Current
Transformer (FBCT)

Fast Beam Current
Transformer (FBCT)

LHC_BPF_1A —>
LHC_BPF_1B —>
LHC_BPF_1C —>
LHC_BPF_1D —>

LHC_BPF 2A —>

LHC_BPF_2B —y| LHCSafe

Machine
LHC_BPF_2C =21 parameter
LHC_BPF_2D —>| controller

LHC_BPF_1E —>
LHC_BPF_1F —>

LHC_BPF 2E —>
LHC_BPF 2F —>

\

All flags are boolean signals

SMP @ MPP

LHC_BPF_1

LIAC_BPF_2

SPS West
Extraction

NV

Interlock
Controller

SPS East
Extraction

NV

Interlock
Controller

LHC General
Machine
Timing

Non-Critical
Timing
Users

Data
Interchange
Protocol

Non-Critical
DIP Users

bis-smp-team@cern.ch



LHC Beam Presence Flag

Fail-Safe = FALSE

— LHC_BPF_1A —>|Beam Presence
— LHC _BPF_1B — Decoder —| Flag Filter L

— LHC_BPF_1C —>| 2outof3

)— LHC_BPF_ 1 —>
— LHC_BPF_1D —>|Beam Presence r

— LHC_BPF_1E — Decoder —| Flag Filter
— LHC_BPF_1F —| 2 outof3

Identical for beam 2
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Squeezing Factors

IR1-Power ]  — POWER_SETTING_1_A>
Converter [ — POWER_SETTING_1 B>

corrrerer [o1.

— POWER_SETTING_1_Z >

Conyerter
IR2 - Power [ — POWER_SETTING_2_A >
Converter | |— — POWER_SETTING_2_B > LHC
corrverter |gY, Software SQUEEZING_FACTOR_1 Safe
Conyerter | — POWER_SETTING_2 7 >| Interlock | ¢qyEeziNG_FACTOR 2 Machine
System |- - -
IRS - Power [7 — POWER SETTING 5 A> SQUEEZING_FACTOR_5 Parameters
Converter | - — POWERSETTING.5.B>1 SIS SQUEEZING_FACTOR_8 smpc | saueezing_FacTor 1
Conyerter | — POWER_SETTING_5_Z > SQUEEZING_FACTOR_2

IR8 - Power M — POWER_SETTING_8 A> SQUEEZING_FACTOR_5
Converter | }— — POWER_SETTING_8_B > SQUEEZING_FACTOR_8

—oTTvCeTTeT er

Conyerter | — POWER_SETTING_8_Z >

Fail-Safe = Om
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@) Moveable Devices and Stable Beams

LHC_MACHINE_ENERGY —> BEAM_MODE >
PHYSICS ENERGY UPPER _LIMIT —>| Determine
PHYSICS ENERGY LOWER_LIMIT —>| Energy Physics |- PHYSICS _ENERGY —>

PHYSICS_ENERGY_UPPER —> Flag
PHYSICS_ENERGY_LOWER —>

SQUEEZING_FACTOR_1 —>

BEAM SQUEEZED 1 UPPER LIMIT —>| Determine
BEAM_SQUEEZED 1_LOWER_LIMIT —> Beam

BEAM_SQUEEZED_1_UPPER —>|  squeezed

BEAM_SQUEEZED 1_LOWER —>

IR_1_SQUEEZED >

SQUEEZING_FACTOR_2 —>

BEAM SQUEEZED 2 UPPER LIMIT —>| Determine Determine | MDI
BEAM_SQUEEZED 2_LOWER_LIMIT —> Beam IR_2_SQUEEZED =>| MDIandSTB | sTB
BEAM_SQUEEZED_2_UPPER —>|  squeezed
BEAM_SQUEEZED 2_LOWER —>

SQUEEZING_FACTOR 5 —>

BEAM SQUEEZED 5 UPPER LIMIT —>| Determine
BEAM SQUEEZED 5 LOWER LIMIT —=>|  Beam

BEAM_SQUEEZED_5_UPPER —>| Squeezed

BEAM_SQUEEZED 5 LOWER —>

IR_5_SQUEEZED >

SQUEEZING_FACTOR_8 —>

BEAM SQUEEZED 8 UPPER _LIMIT —>| Determine
BEAM_SQUEEZED 8 LOWER_LIMIT —=> Beam

BEAM_SQUEEZED 8 UPPER —> Squeezed

BEAM_SQUEEZED_8 LOWER —>

BEAM_SQUEEZED

IR_8_SQUEEZED >

bis-smp-team@cern.ch SMP @ MPP



@) Moveable Devices and Stable Beams

LHC_MACHINE_ENERGY —>
PHYSICS ENERGY UPPER LIMIT —>| Determine
PHYSICS ENERGY LOWER_LIMIT —>|] Energy Physics |- PHYSICS _ENERGY —>

PHYSICS_ENERGY_UPPER —> Flag
PHYSICS_ENERGY_LOWER —>

if (PHYSICS_ENERGY_LOWER =< LHC_MACHINE_ENERGY = PHYSICS_ENERGY_UPPER)
PHYSICS ENERGY = TRUE
else PHYSICS_ENERGY = FALSE

Operator: <10 GeV window between LIMITs

bis-smp-team@cern.ch SMP @ MPP



@) Moveable Devices and Stable Beams

LHC_MACHINE_ENERGY —> BEAM_MODE >
PHYSICS ENERGY UPPER _LIMIT —>| Determine
PHYSICS ENERGY LOWER_LIMIT —>| Energy Physics |- PHYSICS _ENERGY —>

PHYSICS_ENERGY_UPPER —> Flag
PHYSICS_ENERGY_LOWER —>

SQUEEZING_FACTOR_1 —>

BEAM SQUEEZED 1 UPPER LIMIT —>| Determine
BEAM_SQUEEZED 1_LOWER_LIMIT —> Beam

BEAM_SQUEEZED_1_UPPER —>|  squeezed

BEAM_SQUEEZED 1_LOWER —>

IR_1_SQUEEZED >

SQUEEZING_FACTOR_2 —>

BEAM SQUEEZED 2 UPPER LIMIT —>| Determine Determine | MDI
BEAM_SQUEEZED 2_LOWER_LIMIT —> Beam IR_2_SQUEEZED =>| MDIandSTB | sTB
BEAM_SQUEEZED_2_UPPER —>|  squeezed
BEAM_SQUEEZED 2_LOWER —>

SQUEEZING_FACTOR 5 —>

BEAM SQUEEZED 5 UPPER LIMIT —>| Determine
BEAM SQUEEZED 5 LOWER LIMIT —=>|  Beam

BEAM_SQUEEZED_5_UPPER —>| Squeezed

BEAM_SQUEEZED 5 LOWER —>

IR_5_SQUEEZED >

SQUEEZING_FACTOR_8 —>

BEAM SQUEEZED 8 UPPER _LIMIT —>| Determine
BEAM_SQUEEZED 8 LOWER_LIMIT —=> Beam

BEAM_SQUEEZED 8 UPPER —> Squeezed

BEAM_SQUEEZED_8 LOWER —>

BEAM_SQUEEZED

IR_8_SQUEEZED >
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@) Moveable Devices and Stable Beams

SQUEEZING_FACTOR_1 —>

BEAM SQUEEZED 1 UPPER LIMIT —>| Determine
BEAM_SQUEEZED 1_LOWER_LIMIT —> Beam - IR_1_SQUEEZED =>
BEAM_SQUEEZED_1_UPPER —>|  squeezed
BEAM_SQUEEZED 1_LOWER —>

if (BEAM_SQUEEZED_n_ LOWER < SQUEEZING_FACTOR_n < BEAM_SQUEEZED_n_UPPER)
IR_n_SQUEEZED = TRUE
else IR_n_SQUEEZED = FALSE

Operator: <1m window between LIMITs
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@) Moveable Devices and Stable Beams

LHC_MACHINE_ENERGY —> BEAM_MODE >
PHYSICS ENERGY UPPER _LIMIT —>| Determine
PHYSICS ENERGY LOWER_LIMIT —>| Energy Physics |- PHYSICS _ENERGY —>

PHYSICS_ENERGY_UPPER —> Flag
PHYSICS_ENERGY_LOWER —>

SQUEEZING_FACTOR_1 —>

BEAM SQUEEZED 1 UPPER LIMIT —>| Determine
BEAM_SQUEEZED 1_LOWER_LIMIT —> Beam

BEAM_SQUEEZED_1_UPPER —>|  squeezed

BEAM_SQUEEZED 1_LOWER —>

IR_1_SQUEEZED >

SQUEEZING_FACTOR_2 —>

BEAM SQUEEZED 2 UPPER LIMIT —>| Determine Determine | MDI
BEAM_SQUEEZED 2_LOWER_LIMIT —> Beam IR_2_SQUEEZED =>| MDIandSTB | sTB
BEAM_SQUEEZED_2_UPPER —>|  squeezed
BEAM_SQUEEZED 2_LOWER —>

SQUEEZING_FACTOR 5 —>

BEAM SQUEEZED 5 UPPER LIMIT —>| Determine
BEAM SQUEEZED 5 LOWER LIMIT —=>|  Beam

BEAM_SQUEEZED_5_UPPER —>| Squeezed

BEAM_SQUEEZED 5 LOWER —>

IR_5_SQUEEZED >

SQUEEZING_FACTOR_8 —>

BEAM SQUEEZED 8 UPPER _LIMIT —>| Determine
BEAM_SQUEEZED 8 LOWER_LIMIT —=> Beam

BEAM_SQUEEZED 8 UPPER —> Squeezed

BEAM_SQUEEZED_8 LOWER —>

BEAM_SQUEEZED

IR_8_SQUEEZED >
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Moveable Devices and Stable Beams

BEAM_MODE =>

PHYSICS_ENERGY =

MDI Flag calculation:
if (PHYSICS_ENERGY = TRUE)
AND

(BEAM_MODE = "STABLE BEAMS"” OR BEAM_MODE = "UNSTABLE BEAMS"” OR
BEAM_MODE = "BEAM DUMP")

AND
(BEAM SQUEEZED = TRUE) then
MDI = TRUE
Else MDI = FALSE
STB Flag calculation:
if (PHYSICS_ENERGY = TRUE)
AND
(BEAM_MODE = "STABLE BEAMS")
AND
(BEAM_SQUEEZED = TRUE) then
STB = TRUE
Else STB = FALSE

BEAM_SQUEEZED
IR_8_SQUEEZED > -0
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Dependable Electronics
Basis



@) VME Chassis & Generic Circuit - CISX

> &

Receiver

Generator LHC
or
Generator SPS

Arbiter
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D) VME Chassis & Generic Circuit - CISX

Monitor FPGA

Receiver — CISR

Generator LHC — CISGL
Generator SPS — CISGS

Arbiter — CISA

Control FPGA

LI LU L LY YL LT O T TR T 1T TR 1 L ]

VHDL implementation
Safety approach?
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Hardware
Dependable Design



Requirements

+
Safety critical/non-critical

Design flow

Specification

4

Formalisation

+
Functional blocks

Completeness
Consistency




Requirements

Requirements requested by operators and/or approved by MPP.
E.G. Set-up Beam Flag equation

1.7
E [GeV] < | [p] <1x10% normal
450 [GeV |
E [cev] ) ><| [p] <5%10” relaxed
450 [GeV |
[ E [GeV j x| [p] <1.3x10" very relaxed
450 [GeV |
( E [Gev] j x1[p] <2.5x10" ion
450[GeV |



Specification and formalisation

English language vs formal language

English + diagrams

2.3 PARAMETER CALCULATION, THRESHOLDS AND TRIMS

2.3.1 SPS_BCT4_INTENSITY CALCULATION

SPS_BCT4_INTENSITY is derived from SPS_BCT4_INTENSITY_A and _B. This
implementation is to be made using a high-availability approach, at least one of the
two intensity sources must be functional, SPS_BCT4_INTENSITY_A is to be used when
it is VALID. If it is NOT VALID, then the value of SPS_BCT4 INTENSITY B is to be
used. Finally, if neither intensity is VALID, the fail safe value is to be applied.

- 5PS_BCTA_INTENSITY_A > Intensity

Decoder  — Sps_BCTA_INTENSITY —>
- 5pS BCTA INTENSITY >  Loutof2

Figure 6 : SPS_BCT4_INTENSITY derived from _A and _B Values.

2.3.2 SPS PROBE BEAM FLAG CALCULATION

Parameter SPS_PBF
Data Type [Default Value]: Boolean [FALSE]
Source Data: SPS_BCT4_INTENSITY
Related Threshold [Default Value]: PROBE_BEAM_LIMIT [1 x 10 p]
Related Trim: OPERATOR_PROBE_BEAM_LIMIT

Calculation: SPS_PBF = TRUE when
(SPS_BCT4_INTENSITY < PROBE_BEAM_LIMIT)
else SPS_PBF = FALSE

PROBE_BEAM_LIMIT may be trimmed by setting OPERATOR_PROBE_BEAM_LIMIT, the
lower value of PROBE_BEAM_LIMIT and OPERATOR_PROBE_BEAM_LIMIT will be used
in the calculation of the SPS_PBF.

redicate logic

FAIL SAFE_LOW_INTENSITY: int := 1.€7772Z15 * 10"15;

SPS_SMPC_PEF (CPERATOR_PROBE_BEAM LIMIT : int,

OPERATOR PROBE BEAM LIMIT is set : bool,
PROBE_BEEM LIMIT : int,

SPS_BCT4 INTENSITY A& : int,

3PS BCT4 INTENSITY A& is valid : beol,
3PS _BCT4 INTENSITY B : int,

3PS _BCT4 INTENSITY B is valid : beol,
SPS_PBF : bool

) o=

exists SPS_BCT4_ INTENSITY : int. |
(SPS_BCT4_INTENSITY =
if SPS_BCT4 INTENSITY A is valid then SPS BCT4 INTENSITY 2;
else if SPS BCT4 INTENSITY B is valid then SPS BCT4 INTENSITY B;
else FAIL SAFE_LOW_INTENSITY;
)

AND
/* if operator probe beam limit is set, use it to trim probs beam limit */
exists LIMIT : int. |
(LIMIT =
if NOT(OPEREA_TOR_PROBE_BEP_M_LIMIT_iS_Set) then PROBE_BEARM LIMIT;
else min{PROBE_BEAM_LIMIT, OPERATOR_PROBE_BEAM LIMIT);
)
AND
SPS_PEBF =

if SPS_BCT4_INTENSITY <= LIMIT then TRUE;
else FALSE
V)i

Unlike the English, there is only one way to understand formal language.



Specification and formalisation

SPS_BCT4_INTENSITY is derived from SPS_BCT4_INTENSITY_A and _B. This
implementation is to be made using a high-availability approach, at least one of the
two intensity sources must be functional, SPS_BCT4_INTENSITY_A is to be used when
it is VALID®. If it is NOT VALID, then the value of SPS_BCT4_INTENSITY_B is to be
used. Finally, if neither intensity is VALID, the fail safe value is to be applied.

- SPS_BCTA_INTENSITY_A > Intensity

Decoder | —— SPS_BCT4_INTENSITY —>

- SPS_BCT4_INTENSITY B > 1outof2

exists SPS_BCT4_INTENSITY : int. (
(SPS_BCT4_INTENSITY =
if SPS BCT4 INTENSITY A is valid then SPS_BCT4 INTENSITY A;
else if SPS_BCT4_INTENSITY B is valid then SPS_BCT4_INTENSITY B:
else FAIL_ SAFE_LOW_INTENSITY;
)

AND



Functional blocks

FREQ_Hz = &7
TX_FREQ, Hz = 1e6
DATA_SIZE = 32
CRCB_CCITT = 1"
RESET_ACTIVE = 0

CISGS
CONSTANTS
ROM

|
} TAANCHESTER : 32 FRAME 2%, inensitys
BCT4 , —)@—)‘ DECODER  |[——
@ | Lcenere | | VALIDATOR | figintensity & e
! | TIMEOUT_IN_TICKS : 3000
| | REG_TO_COMP : x9A000000 ONE OUT OF TWO |- intensity 8
I ' RITE MATFH ERAR IEET -8 STANNARN -
32 24 ’
MANCHESTER ., AN C intensity 8, ——
BCT4,—3[D]->| DECODER |———3| . inaton
GEMERIC — — flg intensity & err =
OME OUT OF TWO
STANDARD
32 24 )
MANCHESTER THNN ERAME —= intensity 8y —3
BCT4 ;—[D}—| DECODER |
GEMERIC — VALIDATOR —— flg intensity & g err —»
an ms
I 1 —
| 1 REG_TO_COMP : x78000000 lONE OUT OF FOUR| — energy
| | BITS_MATCH_FROM_LEFT : 16 STANDARD 2 (lrlgr:nrge;gr;'::nal
} : VALUE_ON_ERROR : XFFFFFFFF
| [MANCHESTER || 32 S LA
BEMG, —>[D]——| DECODER + V:SSETER ‘
@ | GENERIC :% —  fgenergycer
| | TIMEQUT_IN_TICKS : 7
I 1 REG_TO_COMP : x6A000000
| | BITS_MATCH_FROM_LEFT : 16
| || VALUE_OM_ERROR : xFFFFFFFF
| [TAANCHESTER ||| 32 16
—%
BEMG 3 —>[0]—b>| Decoper [ FRAME e
o | cemenc | TH——3| VAUDATOR | fgenersyer
' o, generatsioon © TIMEOUT_IN_TICKS : 7
S REG_TO_COMP : x68000000
BITS_MATCH_FROM_LEFT : 16

39999 0 —l‘}h)l =0 comparator |- enms
down-counter

VALUE_OM_ERROR : xFFFFFFFF

eI
g
2
F test channel 3
= test Iogic 18
2 teston
g ——>|  TESTINTERFACE et
z 8 ops
£ ]
3
24, FLAG
24 | LOWERLMIT |— figspspte |
TRIMMABLE
1
b
o
g
i
o
%_
M e
m
[T}
3
3
B
. 24‘5 FLAG
24 LOWER LIMIT |—
- Intensity 8 TRIMMABLE
- flgintensity 8 err
= flg intensity 2anot b
WINDOW feeesn s
INPUT LENGTH: 16
FAIL_SAFE: O
UPPER_LIMIT: 448400 / 8
LOWER_LIMIT: 453600 / 8
—  flgeasn ——
J/—) 0 comparator |— enus —»
down-counter

CISGS 3v0

flg_sps_pbf ——
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Design flow




Implementation

—-— code and transmit data to the CISA
—— transwmit 9 frames every 2 ms3

—-— CISA frames rate ihnterwval counter (125 us)
uslZ5 cnt pr @ process{rst, clk)

begin VHDL is not a programming language.
if rst = EEZET ACTIVE then . . .
4125 cnt <= us1z5 cnt maxs It is a Hardware Description Language
usli5 cnt en dl <= '0';
elsif rising edyge (clk) then
if usli5 cnt en = '0' then
us125 cnt <= uslZ5 ecnt - 1;
else

Must understand expected synthesis result

uzli5 cnt <= usli5 cnt max:

end if:
uslzs cnt en dl <= usli5 cnt en; . .
end if; comments and naming convention
enil process; . .
uslZ5 cnt en <= '1' when usli5 cnt = 0 else '(O'; Important for the COde review

—-— CISA frames counter
cisa frames cnt pr @ process{rst, clk)
begin

if rst = RESET ACTIVE then Critical code = strict
gisa_frames_snt <= THOOT Non-Critical code = engineer has freedom

elsif rising edyge (clk) then
—-— increase frame nurber after we is started

if usliZ5 cnt_en dl = '1' then
if cisa frames cnt = "1111" then
cisa frames cnt <= "O000"; H 0
e High % code reuse

cisa frames cnt <= ciss framses cnt + 1;
end if:
end if:;
end if:;
end process:

—— gtart ME only when there iz walid frame to transmwit for selected time slot
cisa meir <= uslZ5 cnt_en and cisa mei(sz);



Block implementation

1
Block test-bench

<
Block simulation

Code coverage

+

+
System test-bench

v

System simulation

+

Design flow




Simulation

Simulation tool

Recorder )|
A .

| Coverage
3 -

(o) -
WgiF g
c 5
Stimulus = o Response
Simulation Test-bench

Unit Under Test
Bus Functional Model
Register Transfer Level



Simulation

Simulation tool

:j Test-bench = software wrapped around model

Coverage

_ﬁ response should be correct for all stimulus

Output BFM

Stimulus Response
Simulation Test-bench Simulation tool can examine code coverage
410 @@ @ ——————
411 —— stop error detection and register
41z ——_———
4173 g _expected p: process (clk, rst) begin
-( 414 if rst = RE3JET ACTIVE then
415 Stop expected <= '0';
-( 416 elsif rising edge({clk) then
417 ——reset error when start condition is detected
-( 415 if start _en = '1l' and started flg = '0' then
419 Stop expected <= '0';
420 ——set error when all frame is received and stop condition wasn't detected
KT 421 el=sif started flg = '1' and bits cnt done = '1' and sdata en = '1! and hitv = '0' then
422 Stop expected <= '1!';
4273 end if;
424 end if;
425 end process:

4z a



Block implementation

Design flow




Hardware tester

[F— Device
“|_ | History
=___|‘::-J Probe
"I History

Embedded
Logic Probe

Sha
L— —

Response

By

DUT
Stimulus

Hardware

Tester Circuit
i
Input Circuit

Output Circuit
K
Tester Circuit

Hardware Tester

DeviceUnder Test



Hardware tester

f~— Device

L) History similar to simulation but real hardware
._f'-:-" Probe
T History

Hardware response should be correct for each stimulus
Logic Probe

DuT
Hardware

-

Stimulus

[__:J-
Response embedded logic analyzers provided by FPGA vendors
Chip Scope, SignalTap, ...

Input Circuit
Tester Circuit

Tester Circuit
Cutput Circuit

Hardware Tester

@ Waveform - DEV:3 MyDevice3 (XC351000) UNIT:0 MylLAO {ILA) =
2000 -1840 -1680  -1520 -1360 -1200 1040 -880 -720 -560 -400 -240 -80

SR i T A R I I I

Fi_memd testl/i_md genericl/crc_error 1] 1] =
Fi_memd test0/i_md genericO/mdi_dl 0 0
/i_mend test0/i_md genericl/out en a a
Fi_memd testlfrx_corrupted en 0 0

& fi memd test0fi md genericO/bits cat 31| 31

o /i memd test0/i md generic0/din reg 0000(0000 0000 )
Fi_mend test0/i_md genericO/start en 0 0 |
Fi_memd rtestl/i_md genericl/started flg ] ] | |
/1_memd_test0/i_md_genericO/probe_en 0 0 | || | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
/i_uend_testd/i_ud_genericd/sprobe_en ol o | IR NN
4i_mend_test0/i_md genericO/hitw o o |




Hardware tester vs. simulation

Complementary

Software simulation: Hardware tester:

source code tracking real time

code coverage real distortions



Hardware Dependable Design Summary

Our approach — dependable PLD design goes on top of dependable electronics design

formalisation of the specification
split critical — non-critical
reduction to minimum function
exhaustive source code simulation
full code coverage
hardware testers
code reviews

external reviews



System Testing & Testers
The “V” Approach



D) SMP Development: the “V” approach

English Specification used for the Tester

\117 Specifications ﬂ

SMP Controller SMP Tester ] . .
(VHDL) (LabVIEW / VHDL) Determine Tests needed to verify each function

Developed Independently of Controller

VALIDATION Validation of Controller versus Tester versus English
Specification

bis-smp-team@cern.ch SMP @ MPP



What is the SMP Tester?

Definition : Ensure the SMP controller works as specified

Roles :
Simulates the inputs
Analyzes the outputs

SW Tester
(LabVIEW)

HW Tester
(vipy) |<

LHC Safe
Machine
Parameter
Controller

Vv

bis-smp-team@cern.ch SMP @ MPP



Functionalities of the SMP tester

Broadcast

A
r A

5PS Set-up Beam Flag

SPS General
Machine
Timing

Beam | _—_ S| SPS

Intensity Safe
Machine Directly Transmitted
Machine | - Parameter y AN \
Energy Z| Controller |~ iradmat Cycle Flag
—_— CNGS Cycle Flag

—_— LHC Cycle Flag
—> [SPS Probe Beam FIagJ

Beam D ——
Intensity LHC General LHC Machine Energy
Machine i
Machine | - Timing LHC Beam Intcns!ty 1
Energy — LHC LHC Beam Intensity 2
2 Safe Moveable Devices Allowed In
L Machine Stable Beams Flag
Beam —— | Parameter Squeezing Factor 1/2/5/8
Presence Controller |~ jiC Beam Presence Flag 1 LHC Beam Presence Flag 1
| —| HC Beam Presence Flag 2 LHC Beam Presence Flag 2
Beam Mode ———> —— LHC Set-up Beam Flag 1 LHC Set-up Beam Flag 1
Sgueezing Factors ——————= —=> LHC Set-up Beam Flag 2 LHC Set-up Beam Flag 2

bis-smp-team@cern.ch SMP @ MPP



SPS Probe-Beam Flag: Test Protocol

P
[ ‘ | values
| |
| | PBF
| I
Jme .- I '
| I
:5_- CICICIC NS | l
| |
| <« |
SW Tester T I la |lB
Low PBF
= . [k : SMP Controller
Tests results o 2 : | AN
| |
| I
=== i -
Text Buffer " el 2 1 ¥ o1 1 | PBLimit
el | T
— o s | | PBF, Int...
= ,
e L -’}
- 5P5 BOT4 IMTEMSITY A = Intensity SPS_PBF = TRUE when
Decoder M SP% BCTA_INTENMSITY —3= (SPS_BCT4_INTENSITY £ PROBE_BEAM_LIMIT)
-SPS_BCT4 INTEWSITY B = 1owtofl else SPS_PBF = FALSE

bis-smp-team@cern.ch SMP @ MPP



Probe-Beam Flag: Display Results

PROGRESS CISGA CISGE CISA

= m
e R vl
e | r

LabVIEW SubPanel ~

r
\
Excel file { ‘\

RESULTS GA

Last Data Received 110 A 110 B Val HB
- —  |Intensity| PBF [~ " ‘ Correct

A B Error/NoData|Error/NoData after 3 sec [Timing
BAD0T772  BBOOTFTT2 7r72 0 0 0 T
BA00TFT72  BBOOTFTT2 FFFF 0 0
BAD0T772  BBOOTFTT2 FFFF 0 0 0 T

_|

Text File

[ SMP_TEST 24_02_2011-11_50.txt - Notepad

~_CARD PRESENCE

411 test boards present

A1 boards to test present

~ CONFIGURATED DATAS

DATAL_TIMEOUT : 1B58

DATA2_TIMEOUT : 1858

DATAS_TIMEOUT : AAEGO

DATAA_TIMEOUT : AAEGO

VALID_INPUT_HDR  ©  3A1AOAG2

VALID OUTPUT_HDR : 2ALA3C3IA

CISx, LAB.LHC.RA : Correct configurated datas

DATAL_TIMEOUT 53

DATA2_TIMEOUT : 1858

DATAS_TIMEOUT : AAEEQ

DATAA_TIMEOUT : AKESQ

VALID_INPUT_HDR @  3ALA9A92

VALID_OUTPUT_HDR : 2ELE3D38

CISX.LAB.LHC.RB : correct configurated datas
ENERGY_A_HEADER : 3A
ENERGY_B_HEADER @ 38
ENERGY_C_HEADER : 3C
ENERGY_D_HEADER : 3D
EMERGY_A_TIMEOUT : 1EB58
ENERGY_B_TIMEOUT : 1B38
ENERGY_C_TIMEOUT : 1838
ENERGY_D_TIMEOUT : 1838
INTENSITY_1 A HEADER : 1A
INTENSITY_1 B HEADER : 1B
INTENSITY_2_A_HEADER : 2A
INTENSITY_2 B HEADER : 2B
INTENSITY_L_A_TIMEOUT : AAEGQ
INTENSITY_I_B_TIMEOUT : AAEG0
INTENSITY_2_A_TIMEOUT : AAEG0D
INTENSITY_2 B TIMEOUT : AAEGQ
SQUEEZING_FACTOR L _UPPER_LIMIT

78

SMP @ MPP




Tester Summary

What it does:

- Replaces all elements connected to the SMP

- Tests automatically many input combinations

- Validates the boards for the operation

bis-smp-team@cern.ch SMP @ MPP



Software
FESA — RBAC — MCS — Checks - GUI



Introduction

FESA class
RBAC protection and MCS
Operational checks

SMP-GUI

bis-smp-team@cern.ch SMP @ MPP



FESA class

FESA class provides access to hardware registers

no complex logic behind, just valid range checks

Different type of access
read-only access for everyone
write access for experts trough dedicated expert properties

write access for critical registers for operation

SMP @ MPP

bis-smp-team@cern.ch



FESA class

SMP_GUI SEQ%E;'CER
HEE LA OPERATORS
FESA
——* -—— CISX
I
I
CONFIG ool el ] il Bl el il B
DB ml|EiE = E
g olllejllolfle 8@
wl|{lw]||{w]i|lw}
t olllolllollle SMP
| REEE CONTROLLERS
- - OlllCffl<]

bis-smp-team@cern.ch SMP @ MPP




RBAC and MCS configuration

ProbeBeamLimit LHC-OP, LHC-EIC, MCS-SMP SEQUENCER

SqueezingFactor LHC-OP, LHC-EIC, MCS-SMP SIS-HOSTS
SqueezingFactorLimits LHC-OP, LHC-EIC, MCS-SMP  SEQUENCER X
PhysicsEnergyLimits LHC-OP, LHC-EIC, MCS-SMP SEQUENCER X
BeamMode LHC-OP, LHC-EIC, MCS-SMP  SEQUENCER

ForceSetupBeamFlag LHC-OP, LHC-EIC, MCS-SMP SMP-GUI
SetupBeamFlagNormal LHC-OP, LHC-EIC, MCS-SMP SMP-GUI
SetupBeamFlagSpecial SMP-THRESHOLD-EXPERT SMP-GUI

ExpertRegisterSetting SMP-EXPERT SMP-GUI

bis-smp-team@cern.ch SMP @ MPP



Operational checks

Pre-operational checks to ensure system ready for operation
HW consistency vs DB, Test mode to ensure critical paths working to spec...

Pre-Operational

- HARDWARE
STATUS
Vs
conFicuraTion N
DB

Consistency
Checks

bis-smp-team@cern.ch SMP @ MPP



Operational checks

DIAMON checks to detect infrastructure issues
PS, Timing, Communication problems...

Diagnosis & Monitoring

= TIMING
RECEFTION
' Timing Checks
-HARDWARE
- POWER - USERS
* SUPPLIES COMMUNICATION pummm
Hardware Checks Communication
Checks
-HARDWARE
= TIMING
- COMMS
DIAMON

bis-smp-team@cern.ch SMP @ MPP



Operational checks

Post-Mortem for post-operational check sequence
Role played in last dump, Redundancy, Safety for next mission...

Post-Operational

- REDUNDANCY
' -SAFETY

Post Mortem

bis-smp-team@cern.ch SMP @ MPP



GUI
Demonstration



SMP-GUI

GUI to monitor status of the systems (SPS and LHC)
Send commands to the controllers
Logged data viewer

Useful tool for diagnostics

Same tool used for Operators and Experts:

Provide different functionalities depending on user roles

bis-smp-team@cern.ch SMP @ MPP



Status &
Future Plans



Q1/2 2011

+ ongoing documentation

+ study intensity logic

+ 10 trivial issues in monitoring and diagnostics

+ beta Pre-Op

+ beta DIAMON

+ beta Post-Mortem

SMP @ MPP

bis-smp-team@cern.ch



Q3/4 2011+

+ Cross-checking hardware

+ Cross-checker tester

bis-smp-team@cern.ch SMP @ MPP



Q3/4 2011+

Software
Cross Check

Both-Beam SOFTWARE_PERMIT ——>

Source

bis-smp-team@cern.ch

SIS

Systems

LHC Safe
Machine
Parameter
Controller

LHC General
Machine
Timing

VA

Hardware
Cross Check
CISC

\4

Beam-1 USER_PERMIT-

\4

Beam-2 USER_PERMIT

LHC Beam
Interlock
System

SMP @ MPP




Q3/4 2011+

+ Cross-checking hardware

+ Cross-checker tester

+ VME Receiver

+ VME Transmitter

bis-smp-team@cern.ch SMP @ MPP



Q3/4 2011+

Timing
Generator
CTG

—

Laser
Transmitter
CTDLT

SMPC

broadcast

N

parameters

SMP @ MPP

VME SMP
Receiver
Cisv

—>

Cable Driver
—

CTDAD

Critical Users

Single Ended Flags / Serial Data

Critical Users
Differential Flags

bis-smp-team@cern.ch



Q3/4 2011+

Safe Machine
Parameter

Transmitter
CIST

\4

SMPC

broadcast

N

parameters

SMP @ MPP

VME SMP Receiver
CIsv

N Critical Users
Single Ended Flags / Serial Data

3 Critical Users

Differential Flags

bis-smp-team@cern.ch



Q3/4 2011+

+ Cross-checking hardware

+ Cross-checker tester

+ VME Receiver

+ VME Transmitter

+ Pre-Op

+ DIAMON

+ Post-Mortem

bis-smp-team@cern.ch SMP @ MPP
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