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● Facility, Control System(s), and approximate timeline for 
operations  

● Benchmarks with various beamline simulators
● Basic control system connected model
● Design questions for Genasis deliverables 

Introduction



● The bulk of the existing control 
system is ADO (Accelerator Device 
Objects)

● New parts (EIC and some Tandem 
upgrades) will use EPICS

● There is a desire to upgrade older 
parts of the control system to 
EPICS, but as yet no plan or 
funding exists, and the system is 
complex (time-based synchronized 
functions and pulse multiplexing)

State of the
Control - 
System



Accelerator Device Objects (ADO’s) and Multinet 
The Basics
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Approximate 
Timeline for 
Facility 
Operations
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Facility Operation During a RHIC Fill

Body Text
• Bullet Tier 1

• Bullet Tier 2
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Do we break into different 
models with discrete 
setpoints or feed in 
time-based functions? 
● Time needed to run
● Effects such as beam 

pipe-induced current need 
time-based functions

● Up until now, I had been 
working on the assumption 
of discrete points/models 
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Digital Twin
Modelling  

Booster Main Magnet Current Readback



•ADOs only support 1D 
arrays. Going down the 
time-slicing route, we 
would do something similar 
to our BPM ADO where 
you enter times and get 
back positions. We would 
enter times and return 
concatenated Beta and 
Orbit arrays. 
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Digital Twin Modelling  

Input = [ T1, T2, T3 ]

Output = [
𝛽T1[0], 𝛽T1[1], 𝛽T1[2], …, 
𝛽T2[0], 𝛽T2[1], 𝛽T2[2], …,
𝛽T3[0], 𝛽T3[1], 𝛽T3[2], …]



Madx 
Benchmarks
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I have tested Madx with different numbers 
of threads [1, 10, 50, 100, 250, 500, 750, 
1000]. It slowed down my computer 
substantially, so I could not really run 
anything else while the benchmark was 
running. At best, the computer could do 
about 7 threads at one time. 1K threads 
take 120 seconds. The function we tested is 
Lucy's BumpGUI lattice (fully buffered string 
in memory, including called subfiles), with 
one value changed in each iteration.

Disclaimer: I am not an expert on any of these beam line modelling packages and can only use the models provided to me. 



Madx 
Benchmarks
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Function Used in code:

from cpymad.madx import Madx
import random
def test_madx_function():
    madx = Madx(stdout=False)
    next_lattice_str = lattice_str.replace("4667.55224609375",

   str(random.randint(4000, 5000)) + ".55224609375", 1)
    madx.input(next_lattice_str)
    print("betx ->", madx.table.twiss.betx[0])
    madx.quit()

Source code: /home/cfsd/lbhajdu/SCR/bumpGUI/bumpGUI/benchmark_Madx.py

It was realized that my computer was 10 
years old (Intel Xeon X5660). So we 
re-tested on the fastest computer we could 
find (12th Gen i7-12700 x 20). 



Madx Benchmarks
We tried to run in a re-entrant mode but it, or the cpymad.madx 
python package (more likely) leaked memory. 
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Madx Benchmarks
The unexplained

• One thread seems to run for much 
longer than the others, and it grows 
over time and is repeatable

• Could it be swapping?
• Process priority?
• Garbage collection?
• A bug? 
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SciBmad Benchmarks

Test run by Jun Ma
I should re-run on same hardware 



Current Proof of Principle
Reentrant SciBmad model from 
Lucy and Eiad, interfaceable via 
ADO (accelerator device object, 
CAD native control system)  
●  Todo:

● Expose more magnets, maybe other 
elements (RF) (currently hardcoded)

● Parallel models for the ramp (next slides)
● Update model (Lucy, Eiad)
● What should trigger recalc? (Can’t be one 

magnet change)
● Do we use Lume? (upcoming slides)
● Make Genesis deliverable (app)
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Intro
Body Text

• Bullet Tier 1
• Bullet Tier 2
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Features of Note
Modes of operation (not ready yet)
●  Modes:

● Live - the current state of the system
● Snap Ramp - CAD standard format 

file containing setpoints and 
readbacks

● Sandbox - User can adjust
● Time Slices (If we do it discretely)



Triggering 
When should the model recalculate and broadcast new 

values? 
• Any values change 

• A bad idea during a state restore (loading of archive)
• A specific Event-Link event (BT0)
• On request? 
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LUME
LUME is advantageous for 
letting us swap out the 
modelling software

● However, a SciBmad version does 
not exist 

● On the control interface side, two 
options exist:
● Implement an ADO interface 

similar to LUME-PVA (option 1)
● Use existing LUME-PVA and 

ADO-EIPCS bridge(option 2) 
● The December Genasis timeline is 

tight given all the deliverables 
needed; do we wait until phase 2 to 
integrate LUME?
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High Level GUI Application
It has been suggested 
that we target AGS 
model viewer as 
something that can be 
replaced with a digital 
twin.
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Question and Discussion
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Fun Fact On 
Timing
Not all functions start at AT0, 
BT0 (booster time zero), 
there are hardware delay 
generators to broadcast 
events through the complex 
and most waveform 
generators are trigger by 
these events. But this is 
easy to look up in the control 
system (ADOs). EIC will be a 
bit more consolidated with 
software delay generators. 
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