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Overview

- Interfaces from ROXIE
xml, hmo, geometry
Interfacing during execution

. Scripting ROXIE
Python API, interfacing API

Working with Systems and Models (MBSE)
pyMBSE, MMBSE, developments




Interfaces from ROXIE

- External mesh input (.nmo)
- Simplify ROXIE output structure

1 <?xml version="1.8" encoding="UTF-8"2>

2 <!DOCTYPE roxieData SYSTEM “roxieData.dtd">

3 <roxieData comment="STATIC 14.5kA" version="23.6.0.!
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Interfaces from ROXIE

- Extension to specific format via scripts
\ ste ot orces || harmonics
ROXIE | —> | XML —>| g Jf J J

3d geometry
4 7

- Standards for
output format




Interfaces from ROXIE

- Interfacing during execution (WI

Start

ROXIE

Write
DV,output

)

ROXIE_ext.sh

< Run Step

Read dv,input

External
mesh Modify DV
generator
External External
geometry evaluation
generator loop




Scripting ROXIE

Extend ROXIE functionality in Python

ROXIE-api: interact with ROXIE (execution,
xml outputs, plots, input file generation)

ROXIE-interfaces: generate & transform files
to use in ROXIE (.hmo, meshes, geometry)




Scripting ROXIE — ROXIE-apl

Example galery
i ¢ of examples for using this package

-« Documentation
« Handle .data files Output parsing and plotting

- Load existing models gyl o0 &
- Transform tables, set flags

« Generate new data files

- Handle xml output files
« Plot
- Extract data

Roxie execution

. E Xecute R OX| E i reecaeevee || aipalae Dot



https://roxie-api.docs.cern.ch/

Sripting ROXIE — Iinput files

Setting up
Load Datafile into RoxieInputBuilder object
. . .
import pathlib
- Load existing files
from roxieapi.input.builder import RoxieInputBuilder

folder - pathlib.Path("../input files").absolute()
datafile = "dipole_2d.data”

. Operate on tables / fl ags

Change flags and metadata

- rib.comment = "Python modified datafile”
PY rib.flags[ "LDEBUG"] - True
rib.flags["LFORCE2D"] = True
rib.flags

- Save as new File

Update alpha angle of block no 4

# Dataframe index 3 corresponds to Block no 4
rib.block.loc[3, "alpha”] = 23.2

rib.block

Generate new datafile

tmp_dir = pathlib.Path(tempfile.gettempdir(})
tmp_file = tmp_dir / “temp.data”
rib.build(str(tmp_file))

with open(tmp_file, "r") as :
print(f.read())




Scripting ROXIE - execution

Executing roxie

o imple Upload / execution ...~

from roxieapi.tool_adapter.RoxieToolAdapter import TerminalRoxieToolAdapter

folder = pathlib.Path("../input files").absolute()
datafile = “dipole 2d.data”

o eturn of outp| It Iog, STATUS o s s, ams st o s

result = runner.run()

print(f"Run executed with return code {result}")

- Download of results
- Run locally (terminal)

21 import pathlib

= 22 from roxieapi.tool_adapter.RoxieToolAdapter import RestRoxieToolAdapter
23
[ ] 24 folder - 1ib. ")-absolute()
25  datafile = “"dipole_2d.

"localhost”, 8688)

for line in runner.output_lines:
print(line)

27  runner - RestRoxieToolAdapter(folder, datafile, “my-mod

29 result = runner.run()

PY 3e
31  print(f"Run executed with return code {result}")
3 32

37  for line in runner.output_lines:
ERS print(line)




ROXIE in Docker

- ROXIE Docker container (see doc)

Without Linux server
from any system*
VNC Server/client
REST API for python

O O localhost:6901 /vnchtml?password=roxiepw&autoconnect=true

File Edit Display Run

Hll

Xroxie [untitled.datal

Comnent 3 ||

fain Options
1 30 geowetry (LEND)
I Quench sinulation (LOUENCH)

A Endspacers (LWEDG)
I Dptinization (LALGO)

I Time transient (LPERS)
1 Quench 0-1 (LOUENCHOD)

Cable data path : /roxis/datab/roxis.cadata

P
| Brouse || Wiew file

[ 2D Options

[ Block Data 20

[ 3] Block Groups

[ Iron foke

| T/ Design Variables

| ] TransFornations

‘ Run RORIE || 2D Preview ‘ 2D Preview

‘ Wiew Calculations ‘ View Postscripts



https://roxie.docs.cern.ch/run_roxie/roxie_docker/

ROXIE Interfaces package

« Documentation

- Collection of scripts
for translating 10 files

ROXIE to STEP
(wedges, coils)

Hypermesh hmascii to
hmo

Gmsh to hmo (WIP)

20

&

Download Input +iles
* :download:dipole 2d.data <../..

Jexamples/input_files/Sig-

from roxieinterfaces.endspacer import WedgeGeometry
import pathlib
import cadquery as cq

assembly = cq.Assembly(name="top_assembly")

il Run

erate_volumes(layer_indices
assenbly

il Run.

ugeo. generate_volumes(layer indices

ugeo. generate_volumes(layer indices-

assenbly

il Run

10, 11, 12],

3, 4], assembly, color="blue")

ass=assembly, co

ass-assembly, co
17], ass-assembl.



https://roxie-interfaces.docs.cern.ch/

Linking everything together

pyMBSE, MMBSE, Magnet Exchange




Linking everything together -

PyMBSE R
- So far: Small modules, packages and projects on top ‘5/{, corne S -
Of ROXIE . ::: Model Dependencies
« R&D of features and extensions
« Missing Concept of Integration __ MoeiReterence
. 9 py|\/| BSE [ m:::u ====
Started in PSI for the CHART/MagNum project 14 i
« Introduce the concept of models, interfaces and model based T kihkkk
system engineering to magnet design EmTTTE|L |
- Define Magnet Models, dependencies, inputs, outputs, v e ||| e |
Dependency graph ._ II —
 Link with Measurements \ I‘ T
. Integrated Environment Wi—rn
Software :
Tools

Packages




Linking everything together -
YMBSE

BN Single repository

Magnet.data Geometry model Magnetic model Mechanical model Report
+ Collect inputs
« Load inputs « Load geometry « Load geometry « Collect Geometry
+ define geometry « Setup simulation + Setup Ansys + Collect Magnetic
N\ « Calculate « Call Roxie « Call Ansys + Collect Ansys
« Plot results « Plot results « Plot results « Assemble report
Magnet.iron

Documentation in place Documentation in place Documentation in place

AN

Docs
Introduction
Readme

Jupyteorlnab Roxie Ansys Magnetic —  Report
DOCker —_—— Pyt ) ‘ ‘ ‘ Geometry < /
containers o

Software Stack bhdata - Model Dependencies

Mechanical




Linking everything together — pyMBSE
Example: MCBXF

MCBXF.data

Geometry Inner model
« Load inputs

+ disable outer
« Calculate

Geometry Outer model

« Load inputs

MCBX.iron " "
+ disable inner
+ Calculate
MM inner/outer
MM refs « Load MM from db
« edms « extract geom
« infor — params from
measurements
Jupyterlab .
Python l Roxie

Software Stack

Inverse Opt Inner

* Load inner model

» Load Geom param
from Meas

» Optimize geom to fit
Bn/An

Inverse Opt Outer

* Load inner model

+ Load Geom param
from Meas

= Optimize geom to fit
Bn/An

Report

—_—

Optimized Geom

¢ Load original

« Update geom
params from
optimization

lTransient simulation

.

Setup transient
steps

* Load Original geom
Call Roxie for
transient sim

Load optimized
geom

Call roxie for
transient sim

Analyze

¢ Load MM data

¢ Load transient
simulations
Compare MM with
simulations

geometrical multipoles only

MCBXF report
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O 8 =2 https//mmbse.app.cern.ch/systems/41/ [+ A

MMBSE

SIGRUM
- Database with Magnets and
systems
- Different Models
¢ REST API Desarption Sigrum design study (straight versior). Induding variants for the coil heads for
- Scriptable

Tags Dipole | Nb-Ti

« Work in Progress
 Connect to ROXIE GUI
« Connect with pyMBSE

System models
All models associated with the SIGRUM systemn.

Type Name Design step Created on

ROXIE SIGRUM Quench Test quench Sept. 5, 2023, 12:47 p.m.




MMBSE

e Store Systems
e Store Inputs
* Files
« Dependencies to other Models
* Parameters
« Store Outputs of execution
« Version
* Report
* Result files

Access via API (Python)
« Connect to other System

System Overview
Systems
with

Type

SAMPLE

STUDY

)
&

2D iron yoke

Model Information

Type ROXIE

zzzzzzzz

roxie bhdata

aaaaaaaaaaa

Sig-2D-ironiron

Modlel Updates




MMBSE - Boundary crossing
- Separate by responsibility, ( exchange.cerm ch/AP ](}: e Se <:

¥ and End points Exchange
<:| Provider

- Host seperately xchagscom AP ]<}:

« Access restrictions Exchange
4 )  S—
° Data. TEStrlCtIOnS K https://exchange.psi.ch/API ) <:| bs| <:| PO“\)/Y/?;;
- Computing Resources Exchange I
4 )
https://te-msc-nmc.cern.ch/API Owner
L e ) <:| Secret <:| Provider

Cable DB
exchange




“MMBSE - Developer Story .

- “ =P ?

uuuuuuuu

D e New Tool =)
- Download Results Input definition Output Definitior
Files Files
Model Data ° SCTiptS Model Data
Specs « Software specs
* Depenencies

« Codes /




Summary

New Options to extend ROXIE
Methodology to combine design models

Environment for Sustainable Magnet
development




