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1.0verview - Conceptual Diagram 1. Overview

Application level

TCP IP
network

Accelerator
hardware interface

Real Time Data Link (RTDL)

e XAL is a software infrastructure providing a hierarchical, device-oriented
view for application programmers

e Java based with scripting



1. Overview

XAL “Lingo”
I

e Framework or Infrastructure (gov.sns.*)
- General code sharable among applications (in xal.jar)

e Application Framework
- See gov.sns.application and gov.sns.xal.application
- A “template” for building gui applications

e Accelerator hierarchy, or SMF (gov.sns.xal.smf )
- Class structure for representing accelerator hardware

e Online model (gov.sns.xal.model)
- A physics model for doing quick linear transport modeling



1. Overview

XAL in the Control System Hierarchy

App *

ting/tools Matlab * )

GUI
Device * : 1v
Abstraction XAL

Hardware
Abstraction



2. XAL Architecture 2. XAL Avrchitecture
UML Subsystem Diagram

High-Level Control System foﬁ

[ 1 SNS Accelerator
«system»
gov::sns
«import» 1 «import» ]
«framework» | «suite» |- «suite»
xal apps tools
[ 1 [ ] «import» [ ] [ [ 1
«subsystem» | | «subsystem» | _________ 1 tools:: «framework» «framework»
xal::model xal::smf 00lS:.ca tools::agent tools::application
ZT
«facade»

Third Party::JCA

«uses»
I

I
«system»
Third Party::EPICS




2. XAL Architecture

Global Database Generates XML
“Configuration” File

e Serves as a common configuration file for all applications

e Creates the accelerator hierarchy

— Provides the “map” from the flat list of EPICS signals to the
accelerator hierarchy

Database — XML confiquration file
“{ J{ %\ J{ J{ o <node type="QH" id="MEBT_Mag:QHO01" pos="0.135" len="0.061">
o R <attributes>
;’V:: :::z::gjz L <align x="10000" y="2000.046" z="19546.440844" pitch="0" yaw="0"
= s part of
R Wibdios ModT ' roll="0" type="bucket" />
D Inst VARCHAR(2S) MULL .
Parent Dve 16 (FK) YARCHAR{ZS) NULL </attributes>-
Hi |d VARCHARD) MULL ) " . "
e e T N <channelsuite name="magnetsuite">
B2 oebest T wRCHRGSS UL <channel handle="fieldSet" signal="MEBT_Mag:QHO01:fieldSet*
Dwve Drur Mbr VARCHARSD) MULL
Uk G settable="true" />
et S e Type </channelsuite>
m_ed"m_Equup Catld (FK)  YARCHAR(ID) NULL el AR

Drve Type Desc VAR </n0de>




XAL Datagraph

e XAL “Datagraph”
- Class structure provides hierarchical “device view” of the accelerator
- Sequences (MEBT, DTL, CCL, ...)
- Individual Node type classes (Quads, RF, BPMs, etc.)

snsLinac : Accelerator

L)

2. XAL Architecture

e Sequences can be “pasted together” as ComboSequences .

dtll : AcceleratorSeq

dtl2 : AcceleratorSeq

L)

dtl3 : AcceleratorSeq

cedtll : AcceleratorSeq

pmaH1 : impl:HorzPermQuad

smH1 : impl:HDipoleCorr

pmaVl :impl:VertPermQuad

rfgl : impl:RiGap

L
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2. XAL Architecture

Tools (gov.sns.tools)
-

Correlator (gov.sns.ca.correlator)
— Used to collect PVs with the same timestamp

Services

— Used for internal communication between XAL processes
(clients — services )

Database
— Simple database communication tools (pv-logger uses this)

XML

- Easy interface to write / read structures, used for open/save
capability for application documents



2. XAL Architecture
SNS HL Control Deployment

: «executable» «executable»
PhySICS Server % apps::High-Level Application % SNS Start Map

- XAL applications 3 |

deployed on separate ‘ ]
node | N S =
i Console
Physics Control
. C t
- XAL services and Server ompHEr
monitoring agents live on Console
physics server 3 ]
TN =
5 Console
«library»
xal::xal.jar
Local Network
10C loC I0C || - 10C
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3. Simulation Subsystem

3. Online Simulation

e Lattice Generator (gov.sns.xal.slg)
- A model of the machine is constructed from the “device” representation
Drifts are added, elements are split

e Simulation Scenario (gov.sns.xal.model.scenario)

Lattice element values can be updated from the machine, user defined values or
design values

Mostly use an envelope model for linac tracking at present

Device View

(Stored in SMF)

A TNV

U

- Single entry per element

- Only physical devices

JIQV,

e

Lattice View
(used in modeling)

- Elements may be split

-Includes drifts
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3

Online Simulation

Simulation Subsystem Architecture
(Allen, Klotz, Galambos, Pelaia, Chu, McChesney)

Accelerator
Database seqguences + devices
gov.sns.xal.smf

[ Machine data

/

Lattice
External
Generator lattice
”| gov.sns.xal.slg > .
generation

y

Scenario

gov.sns.xal.model.scenario }

N

~

Online Model
gov.sns.xal.model

[ User tuning /
a
Probe:
initial conditions
- type (single particle,
envelope, multi-
particle)

S/

y

Trajectory
- Twiss
output




3. Online Simulation

Online Model (gov.sns.xal.model)
-

e Online beam simulation (i.e., no “decks”)
- See LA-UR-02-4979 for theory

e Uses N. Malitsky’s Element/Algorithm/Probe architecture:

- Element: Machine representation
e basic objects that affects the beam (e.g. quad, thin lens, drift)

- Probe: Represents the beam (or aspects of the beam)
e Envelope, Single-particle, Multi-particle, etc.

- Algorithm: how to propogate the beam
e Binds Probe to Element and provides dynamics
14 e Linear dynamics, higher-order dynamics, etc.
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4. Appl Framework
4. XAL Application Framework

(T. Pelaia)

Save/open

Error logging
app setup

Html help

/ Toolbar for common actions
File Edit Accelerator Model VYiew Wi owvw Help /
Pruhe...| |PruheE or |Ru/n"jyrnﬁunize|

|’;. Accel [ | |

Accelerator navigating

Application Framework used as a common starting point
*Provides a common look and feel for all applications
*Quick jump-start for application development
*Easy retro-fixes across many apps

eIncorporates a document/view/control architecture
(Software Engineering!)
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1-D Scan Application 4. Appl Framework

(A.
o

Shishlo)
Provides an easy way to scan one quantity and monitor others

Can average over pulses, scan multiple times, pause
Analysis includes fitting, intersection finding, min/max, etc.
Easy way to do a quick unanticipated experiment

Predefined scans with specialized analysis are possible
- DTL and MEBT phase + amplitude setting applications

| Scan || Analysis & Management || Set Pv's | | Set Al:l:eleratnr| | Read Predefined Config. | | Preferences... || Time: 02.25.04 17:23

SCAM . Measured Values ws. Scan Py's Walues

is a Read Back Value: III 6. 86E1

This
-0 | 0 Il 180 |
a & I*l £.26E1
SCAN with step: 5 [a.u.]
’ g 5.67EL

Time delay after settings [sec]: | 0.5
_| RESUHE || STOP 5.07E1

Lse B Tri . Del | 0.2
@) Use Beam Trigger, Delay [sec] 4 47E1

) fverage for N read out with T delay 3 3 87E1 4
N= | 1 |T delay [secl- | 0.0 | o
— S 3.27EL
=
ﬁ 2.67E1
= . ™
— s. DTL RF settings
—_— 2.08E1
0 |
Read Back: L] 1. 48E1 4
READ FROM EPICS
PV Read Back - Bl S
$ DTL Cav. Phase
@ PY Set i 2.81E0
[v/] DTL_LLRF:FCM1:Ct1PhaseSet |
PV Read Back = -3.17E0 . !
@ DIL Transmission PY e
[w] DTL_IHag :FC160 : currentMax e -1.98E2 -%.60E1 6.50E1 1.98E2
Validation PVs - Scan Py DTL_LLEF:FCM L:CtiPhaseset
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2-D Scan Application

(A. Shishlo)

e Added 2-D scan capability (parametric scans)

e Define preset configurations
— Optional analysis capability

e Used for DTL acceptance scans for phase/amplitude setting
- Scan DTL phase + amplitude, monitor Faraday Cup signal

4. Appl Framework

DTL PHASE SCAN

0

0.4

Energy D1t [%] = |
[FIND WIDTH FOR 1D SCAN

0.41

FIND WIDTH AND GUESS AMPL. & PHASE

idth [dgr] : 106.548
Guess Ampl : 0.451
Guess Phase : -96.3

SET GUESS AMPL. & PHASE TO CAVITY

e DTL Cav. Amplitude
@DTL Cav. Phase

&Validation P¥s

©DTL Transmission PV

LLLLLLLLLLLLLLLLLLLLLL

eeeeeeee

HIDE

SHOW ALL

REMOVE POINT

REMOVE GRAPH

REMOVE ALL

WRAP DATA

EXPORT ASCII

INCR. COLOR

DATA COLOR

REMOVE TEMP.

]
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Scope Application 4. Appl Framework

Triggered Acquisition
(T. Pelaia)

The Digital Oscilloscope — with a similar user interface as analog scopes

MEBT rebuncher (RF) forward power trace with beam loading:
- RF =1msec @ 20 Hz, beam =50 msec @ 1 Hz
— Use the correlator to filter only RF signals with beam pulses

Potential for future applications

Requires vigilance on good signal time stamps and proper time waveform
packaging

OOOOOO

@
%
[
a)
8.&
" ?|b
[SI
| [ N
= |
o]
123
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4. Appl Framework

Loss Viewer Application

(S.Cousineau)

ile Edit View Window Help
| |CulH Col

.--
| New ‘| Open...

by H Pislel ‘ Capture as PNG

mmmmmmmmmmmm

e View a summary of beam loss
by machine section

- “Zoomable” to specific BLMs

-~ Viewable as fraction of
permissible loss

e Waterfall display of a specific

beamline portion
— Faraday cup inserted here



Service Applications 4. Appl Framework
(T. Pelaia)

=]
File Ddit View Windew Heln
Refresh | Dump Text | Dump HTHL |
Mon Apr 26 19:47:02 DT 2004 -
Signal | Timet,

RFQ. Va0V FPLAMC Chan 93l 2004 14.47.02 630132942
LERT _v.ac SGV-FPL_Str_chan_sraus . 2004 14°47 07 630137942

e MPS post-mortem (tracks e ————

Mon Apr 26 19:02:29 EDT 2004
signal

first fault incidents) o

Timesiamp
29313347000
29313347000

[MEBT Mag:Fs_ V04 FFL_Sr¢ chan. status
MPS FPL_Sr FPL_Src_chan_siamus

[MPS FPL,CCL BS.FPL Sre, chan, Status

[MEBT Mag S GHOS 210 FPL Sre_chan_ status.
[MERT Mag P3_GH 14 FPL Src_chan_mams

= -
— MERT Mag:Ps QH12/FPL_Sre, chan, sans
IC5, MPS.FPS1 FPL Sre, chin, status.
MEBT Mag:F5 QVOEa02 FPLSRE. chan. Sahes

[MERT _Mag F3_QHOLFPL_Src_chan_sianus
[MEDT  Mag:P5, GHO7 a0 FPL 5rc chan, status

-
a I I Mon Apr 26135 0T 2004
Signal Tirmestamp.
T Shecr) Wes Sy GED NP5 FPL COL#5 FPL SFc, chan, starus r 26, 2004 13:34:35.47595 1943

| Retoaa signais |

14.02 29 T13 550760
14:02-24 313350760
14:02:29 113350760
14:02.29.313362122
14:02:29, 213762122
14:02°29 314315336
14:02:29.314333767

Man Apr 26 112515 EDT 2004
update period seo: [ 30 Signal Timestang
- - Y W5 TPL_CCL_5 FPL 5P, chan, mars . 2004 11,25 15 116165371
I S r V I WS e H Fri Apr 23 16:15:48 EDT 2004
O e \/ I I ‘ I I Signal Timestanm
MERT Mag PS5 QHOR FPL See_chan, siatus , 2004 161548 315905413
— MPS Types: Fri Apr 23 16:15:46 EDT 2004
Signal mestamp:
FPAR MERT Mag F3_Giv02 FFL_SrC_chan_status L 7004 1615 46 5969373 10

mort

14:47:02.630132

Fri Apr 23 16:15:45 EDT 2004
Signal

Timestang
[MERT MagF3 QHOLFPL_3rc_chan_sians . 2004 1615 45 78405 1891

Fri Apr 23 16:15:42 EDT 2004

e PV Logger — posts
sets of data to the P
database e
— periodically or o

pushbutton

—~ Generalized to
allow for custom
PV sets

D)




XYZ Correlator Application /PP Framework

(P. Chu)

e Pick 2 (or three) signals and monitor them together

e (Can use the time correlator to ensure signals are from the same pulse
e Added customization features + added to the framework

e Can export or fit the acquired data

Correlation between phase
measurements of 2 BPMs

[ o]
+ = -] =] =)

‘wgeAvgeAvgeAvgeAvgeAvg
ra

61 62 63 64 65 66 67 68 69 70 71 72
MEBT_Diag:EPMO04:phaseAvqg

Y = -80.76 + 1.24 X
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4. Appl Framework

Save-Compare-Restore (Score) Application
(J. Galambos)

e Provides a means to capture machine setup, compare live
values to a saved set, and to restore values to a saved set
- Grabs settable + readback signals

e Can sort by system and device type

- -
. Th I S I S th e | Load devi(esflypesl | 0pen...| |Save As... | |Snapshul Machine | | Restore " Capture as PNGl

. EEIEEES VTS RFQ | MEET | DTL | Timing | FE | DPlate |
rl m ar m eans g_'l’_':“e Tvpe | Setpoint name | SP Sawve Wal | SP live val | Readback Mame [ RB Save val |_RE lve val |
RF
p y FE RFOQ:RF:Gain 0.3500 0.3500
MEET RFQ:RF:Gain_Rot 116.9083 116.9083
RFQ RFQ:RF:Int_scale 7000.0000 |7000.0000
to Snap_ShOt the Timing RFQ:RF:Loop 1.0000 1.0000
RFQ:RF:cavAmpSet 0.5512 0.5512 RFQ:RF:cavAmpAvg 0.5-188 0.5193
RFQ:RF:cavPhaseSet 24.3920 24.3920 RFQ:RF:cavPhaseAvg 24.3090 24.2417

RFQ_HPREMod1:VCTL Set130.0000 130.0000 RFQ_HPRF:ModLY_Mon |100.3780 100.3730

-
RFQ:RFE.FwdPower 686.1238 673.1348

I I IaC Ine S a e RFQ:RF:RfIPOwWer 9.4841 9.0523
RFQ_HPRF:Modl:l_Mon 8.8328 “48.8791

Temp

Sys Set RFQ:Chilr_2:T_Set 24.2000 24.2000 RFQ:Chilr_2:T 25.2192 25.3264
............................................................ RFQ:Chllr_2:T_LE 24.1819 24.1849
Select Type Ve
Diag RFQ_VaclG_ZP 2.710E-7 2.694E-7
Duty RFQ_VacX\:Sts 1.0000 1.0000
Gat
LEET
Mag
RF
RR
S OUrc
Temp
Wac

e S Machine data saved at Sat Aug 30 19:36:59 EDT 2003




Xio Application

(P. Chu)

4. Appl Framework

e General purpose value displayer (tables, and or plots)
e Added to application framework, works for MEBT + DTL

File Edit Yiew Special Window Help

setup ta Load Default Accelerator

Load Accelerator

| Sequences ¥ OLEET
O RFQ ﬁ xio - Untitled?
© MEBT File Edit Accelerator View Special Window Help
PICk O DTLL || |Capture as PNG|
I t ® MEET-DTL1
acce era Or + TypeAndHandleSelector -0 X|
Combo Sequence Device Types: 7 R .
> o ce + signal
* =~ MEBT-DTLI BPM Mot e DCH
& DCY
Q@ BPM
[[] phaseAvg
[Vi xAvg
[ '. o ”
: Fid XiO - Untitled* E
& Qv File Edit Accelerator Yiew SQecial Window Help
@ BCM || -
e Bnch | | ‘ ‘ Capture as PNG
1 RG
\ . - [ BPMs |
X g = 'E«m EPMs whwg g
Ay rd i i MEBT Diagq:BFMOL -0.0028 00154
1 \\_ ; M_EBT Ciag:BPM 04 00126 0.0073
WV M_EBT Diag:BPM OS5 -0.0144 00127
| BT _Diag:EPMI10 0o0ls -0.0006
MEBT Diagq:BFM11 00065 0.0023
MEBT Diag:BFM 14 00066 -0.000%
é M EBT + DTL -> X-¥ Plot Water Fall Water Fall
5 1 2 3 q 5 3 7 [3 q
& qm




Online Model Application 4. Appl Framework
(W.-D. Klotz)

e An online model is now available within the XAL framework

e Online model can be run for 1) live values, 2) design values and 3) user
defined what-if changes

e Can display or dump beam Twiss output

[l MPXMain - Untitled?
File Edit Accelerator Model View Window Help

| Prohe... | | Run || Synchronize

- [
*Vertical and horizontal s o
beta functions through ;
the MEBT, DTL + D- ‘ -
plate for design values o
4 o
¥l
5 [z
-
[ Alpha Z
U;] 1 2 3 4 55 am 6 7 8 9 10 1 [ Beta Z
-SRI o
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External Lattice Generator

(P. Chu)

4. Appl Framework

TN

File Edit Accelerator DﬁaSuurce View Window Help

o Generate an external Iattlce fl Ie for ‘ Probe File...| ‘ Pruheﬁtur‘ | Create T3|:I...| ‘ Create Dynac..

selected part of the accelerator

e Uses the online model lattice
generation

e Tested though DTL (+ HEBT)

e Can use live or design values

e Trace3D or Dynac input files can
be created.

e May be incorporated into the
online model application.

/
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4. Appl Framework
Orbit-Difference Application

(P. Chu)
e Compares differences in beam orbits, for both BPMs and calculated

e Online model is also used in the Orbit Difference Application, in addition
to running Trace 3D (external fortran code)

Kick applied here

*Orbit difference example
using the online model

eUsed to observe orbit
difference in the horizontal
direction

*Helped resolve sign issue in
- BPMs

-------------
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Summary

e The XAL application programming infrastructure Is
In place and working at SNS

- > 20 applications written — actively used Iin
commissioning activities

— Online model used more extensively

e SLAC will employ XAL in the LCLS

e Issues
- Java — “heavier” than typical X-widgets.

- Need to revisit some applications to make them more
efficient.



. N _ 2. XAL Architecture
“Device View” Environment

Class structure provides

hierarchical “device view” Accelerator
of the accelerator to the
application programmers AcceleratorSequence
- Sequences (MEBT, DTL,
CCL, ...) AcceleratorNode

- Individual Node type classes
(Quads, RF, BPMs, etc.)

BPM RF Cavity Magnet BCM WireScanner
Sequences can be “pasted | |
together” as EM Magnet Perm Magnet
ComboSequences . |

| | PMQ

Dipole Quadrupole ]
e Hor. Ver.
Hor. Ver. Hor. Ver.

Corr. Corr.




