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1. XAL Overview

1. XAL Overview

RAD programming environment for high-level control applications

e Machine representation <cframework>>
XAL
e Machine connection / Machine Representation \) / High-Level \\>
N and Configuration , '\ Connection Management
L Eemert Tl el
M h : d I R P 1 Algorithm e TTTTTT
o achine moaeling 7 | Probe |
[ Machine Modelingand )
S Simulation i
e High-level tools e e g
/// \\\
{ High-Level Controls Toolbox )
\ /7

See J.D. Galambos “XAL Application Programming Framework”™ WE204

Similar design strategy used Cosylab, see |. Verstovsek, “CosyFramework: Application
Development Framework for Java” WE203
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2. Model Overview

e XAL composed of tools,

frameworks, and subsystems

e Simulator is “modeling”
subsystem of XAL.

(on-line or stand-alone)

2. Model Overview

SNS High-Lev ]
Control System

«system»
gov::sns
«import» [ 1 «importy [ 1
«framework» - _______] «suite | _______3 «suite»
xal apps tools
«import»___ 1 | «import»

«subsystem» |~ «subsystem» | -~ «subsystem»

xal::smf xal::sync xal::model

Machine representatio
and connection
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model::elem

model::alg

model::probe
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beam::ens
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2. Model Overview

Model Architecture
« /0007

e Element/Algorithm/Probe design pattern e Separates the following

Developed by N. Malitsky at BNL - Machine representation
- Beam representation

-~ Dynamics calculations

Envelope Simulation Realization

«type»

elem::ldealMagQuad| ~~Element @ _ _______
i Element | Element ]

ST :Algorithm i
alg::EnvelopeTracker] Algorithm .~ Probe ____ !
"\ Machine Modelingand

Probe.~~~___ Simulaton ___--~

«implementation class»| _--~
probe::EnvelopeProbe
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2. Model Overview

Current Status
@« """/

e Single-particle simulation

e Envelope simulation

e Response matrix calculation

e Dynamic model synchronization

e Used by working applications at SNS
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2. Model Overview

Features & Benefits
@« """/

e Open architecture - Extensible
e Easily upgraded
e Easily maintained

e Same engine supports multiple simulation strategies
e Envelope
e Multi-particle
e Response matrix

e Dynamic machine synchronization

e Straightforward API (Elem/Alg/Probe)
—Rapid development of applications requiring model
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3. Verify/Validate

3. Verification and Validation
«{«a_ 000

Verification — does code compute what it is supposed to?
Validation - does code compute the answer?

e Verification
— Particle simulation verified against Trace3D
- Envelope simulation verified against Trace3D

e Validation

- Envelope simulation validated against SNS
commissioning data
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3. Verify/Validate

Trace3D Approximation
-

Space charge envelope simulation requires evaluation of R5(x,y,Zz)

(e o]

e XAL numerically evaluates R, Ry (x,.7) EEJ' dt
> 2 ) (x+t)1/2(y+t)1/2(z+t)3/2

e Trace3D approximates R, 2 w2 v2) 3 1 7
(via lookup table on &) RD(Z Yo, X )~ 7 X 1T 1—5 7

+0(X -Y)
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Trace3D Verification - Envelope Simulation

Implementing Trace3D
R approximation

Numerically evaluating
Ry (ala Carlson)
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SNS MEBT Simulation
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Trace3D Verification - Envelope Simulation

SNS MEBT Simulation

w
o

e Implementing Trace3D

R approximation g
\E/Z.S
g ) ——Trace3D
T —=— XAL
_ _ 3 _ _
SNS MEBT Simulation
e Numerically evaluating 3
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3. Verify/Validate

3. Model Validation
John Galambos, ORNL

e Compared model prediction to live data

e SNS Accelerator at Oak Ridge
e \Wire scanner data at six (6) beamline locations

e [Two measurements

e Direct comparison
e Perturbed quadrupole 5 setting
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SNS Verification - Envelope Simulation 3. Validate/Verity

SNS MEBT and DTL1
e First measurement .
— Wire scanner data 4 /
E, / \/\ A op p S AN / — XALH
%O/\’\/ V\JV\WWW‘\/ XAl
g 2 &V&./ \V%MWM\ W\\ 0 " g:::\”/
_: \
s (m)
e Second Measurement SNS MEBT and DTLA
— Perturbed quadrupole j
5 setting % )
- Measure percent 55, I | Ly
difference 23 AN A VAN . DataH
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Courtesy John Galambos, ORNL



4. Summary

4. Summary
S

e Modern architecture

e Extensible, maintainable
e Supports multiple simulation strategies

e Straightforward API (Elem/Alg/Probe)

e Dynamic configuration/synchronization

e XAL Model verified and validated
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4. Summary

Future Work
« /0007

e Ring modeling
e Envelope perturbations
e Multi-particle simulation

e Optimizers, solvers, etc.
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2. Model Overview

Lattice Representation
S

IElement ()— elem: ElementSeq «interface»
+add(in elem : IElement) >—— IElement
+concatenate(in seq : ElementSeq) 1 * +getlLength() : double

+energyGain(in probe : IProbe) : double
+transferMap(in probe : IProbe) : PhaseMap

JAN
|
Lattice :
+resync() : -
+propagate(in probe : IProbe) «implementation class»
elem: Element
+energyGain(in probe : IProbe) : double
+transferMap(in probe : IProbe) : PhaseMap
elem:Marker| |elem:idealDriff [elem:1dealMagDipole ____> elem:idealRfGap
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2. Model Overview

Machine Simulation Application
Wolf-Dieter Klotz, ORNL, ESRF

e Simulation using & WPXiain - Unitied"

File Edit Accelerator Model View Window Help

e Design values =i
e Machine values 3 b
e User specified values :
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2. Model Overview

Beam Representation
S

«interface»
gov/sns/xal/model:iProbe |+dynamics

+getPosition() : double
+getKineticEnergy() : double
+getAlgorithm() : IAlgorithm
+update()

JAN

I
I
I
«implementation class»
Probe

-m_dblPosition : double

-m_dblEnergy : double
-m_ifcAlgorithm : [Algorithm

2\

«interface»
gov/sns/xal/model:1Algorithm
+getType() : String
1 « |+validProbe(in probe : IProbe) : boolean
+propagate(in elem : IElement, in probe : IProbd))

ParticleProbe EnvelopeProbe EnsembleProbe

-m_vecState : PhaseVectoll [-m_matState : PhaseMatriy [-m_ensState : Ensemble




2. Model Overview

Synchronization Mechanism
G

«interface»

model::IElement

«interface»
IElementType

SynchronizationManager «signal»
NewValue
«signal»-NewValue()
1 |
«send»
* | -synchronizations |
sink Synchronization IDataSource :.
-------- X >':Dataéource
1% 0.1 +resync()
B "~ |+getModelingElement()

|

«implementation class»
SynchronizationType
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«implementation class»
DataSourceType
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2. Model Overview

Dynamics Representation

«implementation class»

«interface»
Tracker

gov/sns/xal/model:1Algorithm
+getType() : String <F——————
+validProbe(in probe : IProbe) : boolean
+propagate(in elem : IElement, in probe : IProbe))

+getType() : String

+validProbe(in probe : IProbe) : boolean
+propagate(in elem : IElement, in probe : IProbe)
+advanceState(inout probe : IProbe, in elem : IElement)

7aN

I\, ParticleTracker
Children of Tracker must implement validProbe(IProbe) ||
which returns true for the the probe type it supports.

+validProbe(in probe : IProbe) : boolean
+advanceState(inout probe : IProbe, in elem : IElement)

EnvelopeTracker

|__|+validProbe(in probe : IProbe) : boolean
+advanceState(inout probe : IProbe, in elem : IElement)
-spaceChargeEffect(in K : double, in dL : double, in sigma : PhaseMatrix) : PhaseMatr|

E

EnsembleTracker

L__|+validProbe(in probe : IProbe) : boolean
+advanceState(inout probe : IProbe, in elem : IElemen
-spaceChargeEffect(in ens : Ensemble)
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Trace3D Validation - Envelope Simulation
Both transverse planes

SNS MEBT Simulation
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