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01 Background and Objectives

From fragmented parameter operations to unified, verifiable restoration

Engineering Challenge

Over 30 control screens; distributed settings and
device dependencies

Research Objective

Map operating modes to snapshots, parameter groups
and execution rules

System Coverage

Five subsystems: PS / LLRF / TIMS / MPS / BPS

Configuration Scale

r

Maintenance Mode

PS: Reduce current to safe level;
standby

LLREF: Set cavity field to zero;
RF off

3

-

TIMS: Disable beam trigger

8

MPS: Safe configuration; critical
protection on
X

BPS: NO PERMIT; beam
inhibited

1,514 PV entries: 1,215 writable and 299 read-onl}y

.

N

p

Maintenance
completed

amplitude/phase; ramp by cavity
\

Beam Tuning Mode

PS: Load tuning lattice; ramp by
section

LLRF: Load tuning

Equipment ready

-

TIMS: Load tuning delay, pulse
width and frequency

for recovery

section
"3

MPS: Configure protection by

s

BPS: Permit by section when

conditions are met

N

Tuning
completed

Operating
conditions met

Operation Mode

PS: Ramp to operating lattice;
hold stable

field

A

LLRF: Ramp to operating cavity

=
TIMS: Load nominal operating
timing

~

MPS: Full operational protection
configuration
A

BPS: Permit full beamline when

conditions are met

Conceptual target states and transitions for maintenance, tuning and

operation
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02 System Architecture and Implementation

SAR supplies snapshots; operating modes define scope and execution constraints

Operator Interface (OPI) L ay ere d Archite cture
Mode Selection Parameter Sets Execution Progress Exception Confirmation
and Recovery Requests and Snapshot Management and Readback Results and Log Tracing
T Operator Ul / Orchestration / SAR / EPICS /
Devices / Data
Mode Management and Workflow Control Data Storage Layer /
Mode Configuration Management Task Generation Sequential Stages
Mode / Parameter Set / Snapshot / Execution Policy | | and Dependency Resolution | | and Parallel Scheduling within Stages “\
Postgres . o o
o Configuration-Driven Design
: " Result Evaluation
Execution State Machine and Tiered Exception Handling Operating Modes / Parameter Sets .
Exccution olices UserPermisions Restoration tasks are defined by ModeCode, parameter
ﬁ groups, SnapshotID, SetPV/ReadPV, tolerances and
SAR Snapshot Service Layer critic ality. /
Configuration and ; Validity / Metadata K—— '
SAR REST API Suipsiict Oueries Snapshot Data Parsing Checks _
Elasticsearch \
@ Subsystem Integration
SAR Configurations / State Snapshots
EPICS/IOC Access Layer Execution Logs / Exception Records
: Integrated TIMS, PS, LLRF, MPS and BPS; supports

Batch Parameter Writes | | EPICS Channel Access | | Readback Data Acquisition | | Communication Status Checks

g

Device Layer

individual and coordinated ALL restoration.

Magnet Current RF Power Vacuum and Cryogenic Devices | | Beam Diagnostics and Other Devices

LL Architecture of the multi-subsystem restoration system



S MBS ERIR IR ATIF

VQ Institute of Modern Physics, Chinese Academy of Sciences

03 Restoration Workflow and Key Functions

Beyond parameter writes: readback validation, exception handling and traceability

Execution Sequence

| Parameter Set Valid [ S— Idle
|\ Execution Request Confirmed I

e i i i e R i e’ e P

Tanget Mode + Operating Point / \ }

_______________ <
|{ Snapshot Query and Parsing

I Task Validation:
|
|
|
|
|

| vRecovery Request Received MOde CheCk — SnapShOt I‘etl‘ieval — Valldatlon —
I
« Snapshot Validity {<_
I
I
I
I

[ PV precheck — Write — Readback — Decision

———— Task Preparation )

¢ Parameter Completeness
¢ PV Reachability
¢ Parameter Set Matching

_______________ v
R R T RN Re-execute Failed Items
|
|
I

Validation Passed \

Stage Scheduling: ) _ . . c
S e e e Paramete g ]~ == == o Type-Specific Verification
|

Parallel Execution within Stages

Analog: tolerance; enum: exact match; RF phase:

\
l
Writing Complete + :
(——R_ez;it;l&;c—qu.—;is;t}c;l;n—é—\l Readback Out of Tolerance / Timeout | Wrapped phase difference; status: state check.
| Deviation Comparison <= ————7 Readback Verification | —— Automatic Retry of Failed Items | |
! Viois — Vearil < 6; ) \ 3 : /J
______________ All Parameters Passed : |
V(Group Status = PASS) : /I \‘
1 et Shize }_\ } Exception Handling
[ |
[ |
| I Manual Resolution Confirmation . . L.
| st T ’ [ ) } ’ Automatic retries, graded manual decisions,
| | . . .
‘ Recery Contilee 1 ;[mem S hems}[ P ,7 [ — Task} controlled skips, rollback or termination.
1 Confirm Retention /
i .

Staged parameter restoration and exception-handling

I workflow
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ModeCode: 7950

Maintenance |

Current Mode:  Maintenance

Target Mode Selection

Commissioning ‘ Operation

Subsystem Selectlon

Time: 0.000  Config: 458 Time: 4.296  Config: 183 Time: 0.000  Config: 66 Time: 0.000 Config: 191

Execution Stages

Recent Logs

17:34:45 SAR multi-subsystem restore service
17:34:52 PS restore request received

17:34:53 Maintenance mode confirmed
17:34:53 Snapshot retrieval completed
17:34:53 Snapshot validation completed

17:34:53 PV connection precheck completed
17:34:53 Starting PS restore

17:34:58 PS restore successful

17:34:58 All parameters restored successfully

‘ Mode Confirmation }—)l Snapshot Retrieval J [ SnapshotValldanon J—)l PV Precheck 1-—)“ Parameter Write |—> | Readback Check J—) 'l Result Evaluation J

@ SAR Connection: Normal READY

| Full Restore (ALL) | TIMS PS MPS \ LLRF | \ BPS Start Restore Stop Task
Overall Task D=
PS Target Snapshot: fe53e2d6 Writable PVs: 183 Progress: 100
Subsystem Execution Status -
TIMS PS ‘ MPS LLRF BPS
Snapshot: eS6c62a Writable: 458 Snapshot: fe53e2d6 Writable: 183 1 Snapshot: albce29 Writable: 66 Snapshot: 376f3f76 Writable: 191 Snapshot: 74e8d22f Writable: 317
[l =00 ——)
@ IDLE @ SUCCESS | @ IDLE @ IDLE @ IDLE

Time: 0.000 Config: 616 ‘

Restore Results = TargetSnapshot: PS / fe53e2d6  Successful Pvs: 183 / 183 Verification Rate: 100.0 Exceptions: 0 Total Time: 5.390

Parameter restoration: operator interface (original system UI)

@ WARNING: Partial restore failure in current parameter group; subsequent stages paused

Exception ID: E204-0812-161849 J Current Stage: Readback Check [0 Parameter Group: MPS ® Results: 18 succeeded / 57 failed

Subsystem Execution Status Exception Details and Manual Handling

Group Progress Status Exceptions  Time/s Exception Type: Partial parameter restore failure
TIMS IDLE 0 0.000 Severity: Critical | Rollback: Yes
Ps IDLE 0 0.000 Exception PV: iLinac-LBHLO9-TIMS:WRNO2 BP:Bypass
MPs EEETOEEN | PARTIAL 57 190.90 Tarsetvalue: ‘0
LLRF IDLE 0 0.000 Readback Value: 0
BPS IDLE 0 0.000 Error [ Tolerance:  0.000 / 0.000
Auto Retry: 3 i3
Execution Workflow Target Snapshot: MPS / b248526e
Mode | [ snapshot | [snapshot | [ v | [Parameter | [ Readback | [ Resutt Policy: rein Fartlzllresults, palise sUbsEqUerIt tages and awalt
Confirmation| | Retrieval | | Validation | | Precheck Write Check Evaluation manual'handling
o L o Ll @ Ll @ | @ Ll @ L @ Suggestion: C:_eck failed items; retry, confirm and continue, or roll back
| this grou
DONE DONE WARN WARN WARN WARN WAIT BIoh "
0 ) | 0 7 0 53 138 0 Skip and Continue| | Keep Partial Resul's‘ LUIERTLSN G | Stop Restore

Recent Event Log

16:15:31 MPS snapshot value invalid
16:15:38 Critical snapshot exception skipped
16:16:34 MPS auto retry 1/3

16:17:19 MPS auto retry 2/3

16:18:04 MPS auto retry 3/3

16:18:49 MPS awaiting manual handling

Exception handling and event log (original system UI)
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04 Restoration Tests and Results

20 repeated trials: execution time is not determined by PV count alone

h
100 Test Coverage
e 87.603 1,514 configured PVs (1,215 writable; 299 read-
@£ g0 only). Individual subsystems and ALL were tested.
)
= y,
= 57.864 N\
= Repeatability
© puny
E 40 20 restoration trials per target; 100% final
S verification pass rate under tested conditions.
17 0]
O 0 /
11615 |
s 438 6.921 8.247 N
0 - N s [ ] , , Key Observation
TIMS PS MPS LLRF BPS ALL
. MPS has only 66 PVs but takes 57.86 s on
Restoration target average; readback and verification overhead also
matter.
/

Mean restoration time over 20 trials
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05 Achievements and Future Work

A configurable, verifiable and traceable multi-subsystem restoration workflow

'
Unified Configuration
£ Next Steps
Five subsystems integrated; 1,514 PV entries classified and configured.
y,
) l Engineering Deployment
Restoration Service o
, , _ _ Improve admission checks, snapshot
Mode mapping, snapshot retrieval, staged scheduling and batch writes. . . o
) versioning, timing and cross-facility

migration.
Type-specific readback, LLRF stability windows, retries and operator decisioni

Experimental Validation

Verification and Exceptions

Performance, repeatability and representative exception scenarios.

g 3
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Even in the teeth of strong winds, one should never give up on

ife.
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