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Outline

= Libraries built on top of XAL
= XAL in the big (HLA) picture

= Service-Oriented Architecture (SOA)
 Data persistence

= XAL utilities and tools
» Prepare for future
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Libraries Built on Top of XAL

* Many modules can be reused if
packaged properly
» Should not be final GUI
applications but callable APIs
* Modules can be called in services

* SLAC example

LEM

xaldlcls

SU\'.EHE...
ha apps

}

ModelManager

ext jars

OrbitDisplay

SCORE
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slacLib

n.stanford slac. beaml inez plot
n.stanford slac.lundispla y
n.stanford slacxal

u.stanford slac.score
n.stanford slac.message
n.stanford.slac.swing

cpapagan

1. all onder ahe CV 5 imadule

2. Use ant to mmahage build

3. Top level tag for official telcase
i.e. slaclib jar

4. Tndividoal module cah be built for
specific versich (6.5 Memage—R0-5-3 jar)
and use classpath to override slaclib jar
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High-Level Application Architecture

= Hardware layer

= Control system interface .

Application Layer

- Java-based Apps

= Persistence layer

= (Including existing Diagnostics
SRS XAL Apps)
u AP I Iayer - XAL y SO Ive r " Matlab-based Apps P

RF Cavities

= Application layer [ \ d
= Other modules, e.g. multi-

particle tracking code

= Components reusability

- If properly architected oo oS
« Can last much longer : \

* Integrated systems but can be = F—j
deployed separately - L
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Service-Oriented Architecture

* Arrange applications’ functions as

Se rVI CeS Other "thin" diients
= Thin client suitable for mobile i O =
devices
» Data persistence, e.g. RDB ™22~ , e

LEM CUD

= Computing power
= Service management

= Reusability woce cut [
- Easy deployment Feedback = il  save/restore Data
. Beyond SOA Lattice diagnostics —D

e Services can live in Cloud R Service

Orbit Display

BPFM Service
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Data Persistence

= A standard data persistence mechanism should be provided, or every
Institute has to come up with own database for XAL data

» Standard data persistence can be accessed via Data API
» (RESTful) Data Service can build on top of the Data API
» Data Service can be a Cloud Computing Service

= |n relational database
* Lattice schema
* Model schema
» Save/restore schema

 Physics data schema
» Scan application data
» Experiment data

¢ Facility for Rare Isotope Beams
{ y U.S. Department of Energy Office of Science )
&i 7 " Michigan State University P. Chu/ V. Vuppala, Dec 14, 2012, Slide 6



Lattice/Model Schema

= |[nitial beam conditions as Model data T [

] model_code v

mode id INT(11) = OH{ > mazhine_made_name VARCHAR(SS) > beam_parameter_id INT(11)
modsl_sods i3 INT(LL) > lattce id INT(11) | machine_mode_description VARCHAR(255) property_name VARCHAR(4S)
code neme VARCHAR(AS) 1O 1 > model_code_id INT(11) } > prop_category VARCHAR(45)
- = seontn MRCHMEAS). } model_name VARCHARC2SS) Ly | property_catatyps VARCHAR(45)
= All element related attributes are in P
created_by VARCHAR(45) gold_model jd INT(11) beam_parameter_intINT(11)
reste date DATETIME >model id INT(11) beam_parametr_double DOUSLE

. 1 model_line v Updated_by VARCHAR(45) areated by VARCHAR(45) beam_parameter_string VARCHAR(45)
p ro p e rty Va u e p al rS S O t ey are model \mg_m INT(11) update_date DATETIME create_date DATE trnsfer_matrix VARCHAR(2047)

model_line_name VARCHAR(45) fune xDOUBLE up:a:d;:;v::r e "
update
model_line_desaription VARCHAR(255) fune.y DOUBLE o
i< gold_status_ind INT (11)
start_position DOUBLE ho-! chrome x_0DOUBLE 8 ] beam_parameter ¥
end_position DOUBLE dhrome x_1DQUBLE twiss_id INT(11)
start_marker VARGHAR(45) chrome_x_2DOUBLE O ————— | 5 element_id INT(11)
end_marker VARCHAR(45) chrome_y 0DQUBLE } > model_id INT(11)
S dvomey_tDQUBE | —TTmmm—————— —+

species_name Y ARCHAR (45)

. s T [ 1< chrome_y_2DOUBLE species_mass DOUBLE
u XA L S p eclfic tables § it
B

> model _line_id INT(11) " lattice v

i >
"1 model_geometry v > machine_mode_id INT{11) | Iattics_id INT(11) 7
. . . model_geam ery_id INT (11) > model _geometry id INT(11) ‘Lm lattice_name VARCHAR(255) "l rf_gap v }
[ ) model_geom etry_name VARCHAR(4S) initial_condition_ind INT (11) lattice_description VARCHAR(255) rf_gap_id INT(11) |
model_geam etry_description VARCHAR(255) = created_by VARCHAR(45) > cavity_id INT(11) }
> aeae_date DATETIVE pos DOUBLE |
- i updated_by VARGHAR(45) TIEDCUBLE }
aC C e e ra. I n a S ! update_date DATETIVE ampFacir DOUBLE i
1
" gold_lattice v } > endCell ind INT(11) :
- - gold_id INT(11) | el q; gapOffset DOUBLE |
) >lattice_jd INT(11) } 7] blsequence_latice ¥ H len DOUBLE I
-
machine_mode_id VARCH AR(45) | | 7 blssquence Jatice id INT(11) : phaseFactor DOUBLE |
eate_date DATETIVE } beamline_order INT(11) 1 gap_name VARCHAR(45) I
T - b
updated_by VARCHAR(45) >beamine_sequence id INT(13) - (|3
C aV I I e S update_date DATETIME >lattice_id INT(11) y‘ ¥
gold_status_ind INT(11) > | " element v
created_by VARCHAR(45) v } element_jd INT(11)
> o T~ - | > element_type_id INT (1)

"] beamline_sequence v -0 © dlement_name VARCHAR(45)
beamline_sequence_id INT(11) element_order INT(11)
sequence_name VARCHAR(45) insert_date DATETIME
first_dlement_nam e VARCHAR(45) . created_by VARCHAR(5)
last_element_name H sDOUBLE
predecessor_sequence VARCHAR(255) len DOUBLE

5 sequence_length DOUBLE dx DOLBLE
v
element_prop sequence_desaription VARCHAR(255) | 8 DOUBLE
element_prop_d INT(11) S d2 DOUBLE
> element_id INT(11) pitth DOUBLE
> element_type_prop_id INT(11) g yan DOUBLE
element_prop_string VARCHAR(255) e i orol DouBLE
element_prop_int INT(11) } pos DOUBLE
element_prop_double DQUBLE d | > beamline_sequence_id INT(11)
element_prop_index INT(11) T e — v ? >
prop_category VARCHAR(3S) cement,type.prop.id INT(13) ] element_type v 5
o - lement. d INT(11)
dement prop reme VARCHARESS] L | sement,_type 14 INT(L1) element_type_id INT (11) ) :
clement_prop_datatyps VARCHAR(4S) [ | dement_type.prop. name VARGHAREAS) ‘D element_type Y ARCHAR (45) ] element_install_device ¥
! iy - Jement_type_description VARCHAR(255, lement_instl_id INT(11
° lattce_Jd INTUL1) Lok | element_type_prop_description VARCHAR(25%) i | PedesTpten (255 clement_insell_id INT(11)
> = > element_id INT(L1)
element_type_prop_defoult V ARCHAR(255)
install_id INT(11)
element_type_prop_unit VARCHAR(45)
fice INT(11]
element_type_prop_datatype VARCH AR(45) sice INT(11)
S index INT( 1)
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FRIB Data Upload

» A standard Excel file with multiple tabs
= All DB access via API (based on JPA)

* Device Settings or optimized lattice with
settings w/ physics names

* Name mapping between the above 2

» Consolidate to 1 master file (Super |

Spreadsheet) |
|

— — — — — — —

Mapping
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RDB Access with Java Persistence API

* Prototype RDB access with Java import sys
Persistence API (JPA)
* New ORM Included in JDK 7

from javax.annotation import Resource

from javax.persistence import EntityManager

from javax.persistence import EntityManagerFactory
from javax.persistence import PersistenceUnit

from javax.persistence import Persistence

= RDB connection info set In
persistence.xml

from mydbtest import *

userTransaction = em.getTransaction()

» Entity classes generated by NetBeans

date = Date(112, 3, 3, 15, 10, 0)

7 I D E newModel = Models()

#set comments
newModel.setComments("Test persistence”)

emf = Persistence.createEntityManagerFactory(‘fdbdevPU")
em = emf.createEntityManager()

= Scripting in JYTHON for RDB access ..... #setdae

IS easy

(] JpaTestsenvietiava (S Models, XV (B [patette |

JpaTests:
EEEHAOIEE

= NetBeans has visual editor for Java
GUI with JPA

][

HE[EE=RE
B 2

(@[] ] an[w )]

™
\ Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
& ‘ Michigan State University

D

P. Chu/ V. Vuppala, Dec 14, 2012, Slide 9




XAL Utilities and Tools

= Database APl and XAL API should be similar, if not identical

= Security package
» GUI widgets — use JavaFX?
= Data plotting package

™
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Prepare for Future [1]

= XAL setup should be much easier
A standard spreadsheet template should be sufficient
« Database generated
» Spreadsheet data uploaded to DB
« XAL files generated from DB

= Third party solver/optimizer as service
* Third party modeling tools, e.g. FEL model, multi-particle tracking
= Everything should be Web compatible
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Prepare for Future [2]

* Cloud Computing

» Advantages
» No capital IT cost — pay per use
» Failure as a feature — recover seamlessly
» Expandability
 Services
» Storage-as-a-service
» Database-as-a-service
» Information-as-a-service
» Process-as-a-service
» Application-as-a-service
» Platform-as-a-service

» Integration-as-a-service “Cloud Computing and SOA
» Security-as-a-service Convergence in Your Enterprise”
» Management/governance-as-a-service D. S. Linthicum

» Testing-as-a-service
» Infrastructure-as-a-service

$ Facility for Rare Isotope Beams
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Controls Database Collaboration

* Requirements

* Proteus: Configuration
« Graphical User Interface

 Application Programming Interface
» Matlab, Python, Java

* Proteus: Naming System
= Current Status

= Integration

* In Development

¢ Facility for Rare Isotope Beams
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CDB Requirements 1

--

Component Physical and logical information about the machine and
its component systems

2  Infrastructure Cables, I0Cs, Racks, Rooms etc

3 Lattice Location, length, setting and/or signal records
4  Model Physics model

5 Logbook Logbook entries

6  State Save/restore state of FRIB segments

7  Alarm Set changes, set/read mismatches

8 Inventory Spare parts, stock items

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science ) )
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CDB Requirements 2

--

Physics Results from physics experiments

10 Traveler Production, test, design data

11  Maintenance Preventive maintenance data, failure analysis, lifetime
analysis

12  Operations Beam statistics, run hours, beam on target, shift
summary, downtime, bypass records

13 MPS Machine state dumps

14 FRIB Parameter list, system and component requirements

Requirements
15 Interlocks Interlock hierarchy information [optional]

/- Facility for Rare Isotope Beams
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Application Architecture

Application Layer

= Application layer

 High-level applications

 Libraries

( v Service Access Protocols )
e e

- #
=Service layer Servics Laye . N

1
» Access to data : 4 . .
) Directory | Devices || Configuration || Lattice || State || Alarm || Model || Log || Auth
* Programming Interface

LN
¥

u Data. Ia er C Instrument Accc;{sys Protocols ) g DB Access Protocols )
y

* Managed data Data Layer :
Conf Log Archiver
* Instrument da.ta, Instrument N DB DB Lattice Data
. Instrument 1 - 4 DB [ Alarm
* No direct access Data
Data Data Data

i J
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CDB Schema Domains

class Domain Model /
Behaviorl
Online Model Controls |
+ Code + gz
+ El_ement + PVgroup e ——————— ——— -:
+ twiss !
I
I
| |
| |
\V I
I
Structural :
3 I
Configuration
Infrastructure S | qu | |
= ica =] + Contod Hierarch
+ Cable + Logical ntod Hierrchy !
B | Classt ——=——————>> [ +Physcal < — - ————— — — 5] + Extended Lattice |
oc + Properties + Housing Hiemrchy :
= + = i
= =] + Type + Power Hierarchy :
I
A |
' |
' |
! |
! |
Functional
eLog | eTraveler | Inventory | Physics Apps | Save-Restore | MPS |
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Collaboration Goals

»Be Like EPICS for Data Services
*Easy to Install
*Easy to Configure
* Extensible
*Well-Defined Interfaces
Documentation
*Training

=Domain Goals
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https://docs.google.com/folder/d/0B4UKjY1jewCGRWJHTUdtWUM0d2M/edit

Status - Summary

* Logbook : In production at FRIB and BNL

= eTraveler : In production at FRIB

= Machine Configuration Tool: In production at FRIB
» Save/Restore: In production at BNL

* Model: Under development at FRIB and IHEP

= Signals: Under development at FRIB and BNL

* Physics Applications: Under development at FRIB
= Authentication: Under development at FRIB

¢ ¥ Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science . .
& / ’ Michigan State University V. Vuppala, FRIB Data Services, Slide 19

()



Partners

* Brookhaven National Lab, Ney York, USA
» Facility for Rare Isotope Beam, Michigan, USA
= Institute for High Energy Physics, Beljing, China

™

FRIB &
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Demo

* Proteus: Configuration
 Graphical User Interface
* Programmatic Interface

* Proteus: Naming System
 Graphical User Interface

= URL.: http://controls.frib.msu.edu
» Under “Applications” Menu

( ¥ Facility for Rare Isotope Beams
- U.S. Department of Energy Office of Science . .
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http://controls.frib.msu.edu/

Integration

» E-Traveler
 Devices from Configuration Database (In Production)
" E-Log
 Logbook Entries for a Component (Under Development)

= \alid Name

* Naming System Checks for Validity and Already Assigned Names (Under
Development)

* Online Model
» Machine Configuration as Input to XAL (Under Development)

$ Facility for Rare Isotope Beams
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Under Development

= Integration with Control System
* Real-Time Signal Values

= More Data
 Properties, Alignment, Measurements, CAD Drawings, Location, Cables
* Etc.

= EPICS V4 Interface
* pvget, eget

= Graphical Hierarchy
= Comprehensive Search
= GUI Improvements

¢ Facility for Rare Isotope Beams
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Development Approach

(" Module

\

\

Module API

= Module
 Database

« Module Applications
* Module Services

 Module API

Module
Module Module

= User Applications

™
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Development Approach - Interfaces

=
Java
Application

-------------

= Service API
= Language Binding API | e
= Data API |
= Module API

|\

REST API B OC o
1

$ 1
[ H
[ e e e A S ety
l‘ Module
~7d

=
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Suggested Development Strategy

Schema OO
LB API
Data API (optional)

LB APl Switches to Data
AP

Service API

LB API Switches to
Service API

DN

o
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EPICS V4

* Next Version of EPICS

» Expands to Non Real Time Data

= Pvget, Eget

* Directory Service

* Channel Finder

= http://epics-pvdata.sourceforge.net/

»
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Technologies & Infrastructure

= FRIB:
* MySQL
« REST, EPICS V4
« Java
»JPA, EJB, JAX-RS
* PHP, Python
* Mercurial, Git

= BNL:
 Python
» Django
« Java
* Mercurial, Git

= Infrastructure
« Sourceforge
» Google+
* Launchpad

/- Facility for Rare Isotope Beams
2 U.S. Department of Energy Office of Science
&i ‘, Michigan State University

V. Vuppala, FRIB Data Services, Slide 28



Challenges

= Differing Deadlines, Priorities, Technologies, Processes,
Terminologies

= Integration

= Making it a Product
» Generalization
« Packaging
* Documentation

= Data Migration

* Performance

» User Interfaces

= Not a Typical Project

| o ) Facility for Rare Isotope Beams
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Conclusion

= Collaboration started in November 2011

= \Weekly Meeting

» Quarterly Review

» Goals, High-Level Requirements, Architecture Defined

» Some applications in production, some in development, and some
not initiated

= Several challenges
= Need more collaborators

™
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