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Scientific Software

B The language of choice used to be FORTRAN
— There are still many legacy FORTRAN codes in use
B C and C++ have become popular
— Grid computing now tends to be done in C
B Many scientists use Python
— Reasonably powerful, yet easy to use
— Allows them to do science rather than software
B There are now a number of significant scientific projects using Java
— Many started out as C, but have evolved to Java

M Java is now an acceptable, if not the preferred, language for scientific
software development




Java Analysis Studio (JAS3)

B Developed by and for the High-Energy physics community

® Plotting of 1d, 2d, 3d Histograms, XY plots, Scatter plots, etc.
B Open source
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JMol — Molecular Viewer

B Commonly used as an applet
that can be integrated into web
pages to display molecules in a
variety of ways

B Also has a standalone
application and a development
tool kit that can be integrated into
other Java applications

M [nteractive, 3D
B Free, Open Source

B One of several Java Molecular
Graphics packages

Crystal structure of an H/ACA box RNP from Pyrococcus

furiosus (PDB CODE: 2HVY)




VisAD

B Space Sciences and Engineering Center (SSEC), and others
B Extensive 2D and 3D visualization package
B Free, Open Source




VTK

B Software system for 3D computer graphics,

Image processing, and visualization
M Used by thousands of researchers and

developers around the world -

B Written in C++
B Has Java wrappers

— Also, Tcl/Tk, Python
B Free, Open Source

Trignomefric Funchions




ISAW

B The primary tool for analyzing neutron scattering data at the IPNS
B Has an extensive and sophisticated interface
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Java ?

M Java has become a major language
B The reason is that most commercial development uses J2EE
— There is money to be made improving Java and its tools
B Applications have performance approaching applications written in C
B There is already extensive scientific development in Java

B In my opinion, there is no other viable choice for high-quality, cross-
platform, GUI development

— Huge API

— Write once, run anywhere

— Easy to code (compared to C or C++, anyway)
— Good performance

— Excellent development tools




Java Development Tools

® Spell checks as you go
— No “write — compile — load — run — figure out what happened” cycle
— Probably the one most significant productivity enhancement
B Provides content assist
— Probably the next most significant productivity enhancement
B Compiles as you write
— Cycle is now “write — run”
B Massive refactoring
— E.g. Change a variable name in all your files in all your projects
B Wizards and Tools to help at every stage
— E.g. Generate getters and setters for all your properties
— E.g. Add and/or clean up imports
B The above are just a small sample
— Some of these are available for other languages
— But usually not at the level they are for Java




Java in Matlab

B Matlab has extensive support for Java
— Your favorite software framework can also be used in Matlab

File Info Edit Process Help

r J|
Desktop  Window  Help
| | =) 59 @ | @ | Current Directory; IhomeIph0ebusBIEVANSImatIabMDrkJ‘xrays|v||]
ihat's Mew
labfwarkixrays @ X || Command Window 2 X
<« MALTLULE >
File Type Copyright 1984-2006 The MathWorks, Inc.
JAR File Version 7.3.0.298 (RZ0O06h)
JAR File August 03, 2006
-file
OPTS File
a.tif TIF File To get started, sSelect MATLAE Help or Demos from the Help menu.
b tif TIF File
o tif TIF File »» Jjavasaddpath '/Shome/phoebus/EVANS/mat lab/ work/xrays/ij. jar':
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X-Ray Software Development at the APS

Best described as “Uncoordinated”
Wide variety of languages
— FORTRAN, C, C++, Perl, Tcl/Tk, Python, Java, ...
Visualization relies on (different) commercial products
— IDL, IGOR, Matlab, ...
Each beamline tends to do its own thing
Modeling and Analysis is not well integrated with Data Acquisition
Lack of real-time data reduction
Little high-performance computing
Little remote access
No common data format

A Scientific Software Section was formed to help remedy this situation




XRAYS

B Stands for X-Ray Analysis Software XR A YS

— (or X-Ray Software)
M |tis expected to grow into a large suite y

of analysis and visualization applications
I _ X-Ray Analysis Software
. These WI” InC|Ude' Advanced Photon Source
— Scientific workbench program
— New analysis and visualization applications

— Updating and coordination of existing analysis and visualization
applications

— A framework of software routines that developers can use to write
applications

M [t currently consists mostly of exploration and prototype applications
— This is the groundwork for what we really want to do
— More than 1200 Java source files in 60 projects
— 38 Java projects intended for distribution (gov.anl.xrays.xxx)
— 10 ready-to-deploy features (collections of projects) in 4 categories




We Want to Manage the Entire Experimental Data Flow

experiment(s)
raw data (2-D intensity,
E, T, P, t etc)

[ data reduction }—» visualization
reduced data, I(Q) ﬁ I

:){ data analysis modeling

adjustable
parameters

publication, presentation,
archival, printing




Eclipse

B Eclipse is an Open Source community
M |t was started in 2001 by IBM

— IBM donated a lot of research

— Controlled the early development, but later relinquished control
M [t is now controlled by the Eclipse Foundation

— Strategic members contribute up to $500K and 8 developers

— Currently 17 strategic members

— Currently more than 150 developers

B Out of the box it looks like a Java IDE (Integrated Development
Environment)

M [tis really a Plug-in manager
— That happens to come with Java Development plug-ins.
— You can make it be most anything you want




XRAYS Rationalization for Eclipse

M Providing coordination is a primary goal
B Resources are limited
B Have to choose something
— Eclipse seems like the best choice
— Powerful, flexible, extensible
— Open-source
— Huge community with many projects
B Java development environment leads to high productivity
B Deployment via plug-ins appears to solve many problems

B We intend to use Eclipse, not as an IDE, but as a workbench
— Something users will use

B Downsides
— Most x-ray beamline staff and users are not using Eclipse now
— 95% will be unhappy [with anything we do]




Deployment is a Major Reason for Using Eclipse

B Both Java and Eclipse are multi-platform
B Updates are easily made through the Eclipse update mechanism
M You can wrap 3 party applications in your own plug-ins

contains gov.anl.xrays.jfreechart =~ e
which wraps JFreeChart
— Including DLLs and Shared Objects | | N¢msraioo
RRAYS Extras 1.0.0
%xmvsm a0
supported platforms 145 xRavs web oo 100

— For example:
@ SRAYS Core 1,00
B Guarantees they are versions that oW
. Makes it eaSy for the user to insta” Lgi;:g;enggggzieniFeatures and plug-ins For ¥RAYS, published in the Form expected by the Eclipse
and update both your stuff and the

Search Results @
T h e F e atu re “X RAY S J F re e C h art” Select Features to install From the search result list, I“\—;)g
[]%* =RAYS 1CA 1,0,0
work with your applications on all = E0 mars TRy
Show the latest version of a Feature only
3d party stuff

[ Fileer Features included in other Features on the list
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Eclipse for Users, not Developers

B We intend to use Eclipse as a workbench

B Something a user can come in and be up and running with in a short time
— Probably with community help

B Each user can use and customize it in his or her own way
— (That is what Eclipse provides)

B They will probably use it for more than one thing
— That is why the layout by Perspective is important
— You just switch perspectives to change tasks

M | think this paradigm is better than using RCP applications
— You provide the plug-ins
— The user manages his Workbench as he or she pleases




Arg

EPICS Control System Studio

Control System Studio
C55  window Help

File - Search Run
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| = Data Browser Config 52 = m
Process Yatiables | Live Data Config | -
Process Yariables:
Process Yariable Iin Max Ais Color Wi, | Type
evans: calc -10.27 6.04999,., 0 I - linear
evans:bo0l -1.1320.., 2,132 1 I - linear
evans:bol2 -0.0100,,,  3.25400... 2 T N linear
archives used for selected Process Yariable:
Archive Key URL ==
|

| Frsb Probe 53 ] T
PV Mame: | evans:calc | [ Info ]
Yalue: 4.0

Timestamp: 2006/12/08 11:15:35,400915524

Status) E'veh't"p'efi'od 0,50 seconds
E EPICSPY Tree 2 =
PY: evans:calc

= PV 'evansicalc’ (calc) = 4.0 -

[=- INPA 'evansicalc val' {cald) = '4.0'
INPA 'evans:calc. val' {calc) = ‘4.0
INPE 'evans:bogl3vAL' = 1.0
INPC '0.000000000000000&-+00"
IMPD '0.000000000000000e+00"
IMPE '0.000000000000000e+00"
IMPF "0, 000000000000000e+00"
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INP1 ‘0. 000000000000000e-+00"
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(= IMPE 'evans:togl3.wal' (calc) = 1.0

= IMP& 'evans:bol3 AL (bo) = 'On

DL 'evans:kogl3vaL' (calc) =
IMPE '0,000000000000000e+00"
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Arg

EPICS IDE : IOC Development

& CIC++ - st.cmd - Eclipse SDK

File Edit Refactor Mavigate Search Project

2 (TR

=
&

@ B
- Test 10C
#- 4> Einaries
H-€ Archives
=& bin
L= cvawin-xge
(= configure
=db
=] dbExamplel.db
|=| dbExamplez.db
|=| dbSubExample.db
# (= dbd
5= include
(= iocBoat
== iockest
L@ Makefile
|2 rREADME
|=| envPaths
. B
- [= jockesk2
| @ Makefile
== b
L E= cvgwin-xEe
== testipp g
. E-EDb
- sre
| @ Makefile

| @ Makefile

< |

~

Run  FieldAssist
B0 G

|Package. .. ﬁ:ﬁin Navigatorl = OB stemd 2

| E-JProbe Xg

PY Mame: | evansHost:aiE xample |

|
4

ICornected and IMonitoring

Yalue:

Test IOC iocBootfioctest/st. crmd

Window  Help

‘S

1#!../. ./ bin/cygwin-x86/test

z

3##f You may have to change test to something else
4## everywhere it appears in this file

5

6 f< envPaths

%

S## Fegister all support components
SdbLoadbatabase ("../../dbd/testc.dbd”, 0,0)
l0test_registerRecordDevicelriver (pdblbase)
i1

12## Load record instances

13dbLoadRecords (7. ./ .. /db/dbExamplel.db™, "user=evansHost")

14dbLoadRecords (M. ./ .. /do/dbExanplel . db ", "user=evansHost, no=1, scan=1
15dhLoadRecords (™. ./ . ./db/dbExamplel .db", "user=evansHost, no=2 , scan=2
i6dhLoadRecords (™. ./ . ./db/dbExamples . db", "user=evansHost, no=3, scan=5

Prablems | B Console 22 Properties | Error Log | =] Jﬁ

e e e i cl oy iese el e e e e i oo
dbLoadRecords (™. ./../db/dbSubExample.db”, "user=evansHost")

## Set this to see messages from my3ub

#var mySubDebug 1

iocInit ()

Starting iocInit

g EPICS IOC CORE built on Apr 20 2006
### EPICS R3.14.8.2 $§Name: R3-14-85-2 §§ $4Date: 2006/01/06 15:55:13
(iogInit: A1l initialization complete

|| ## Start any sSequence programs
#zeq sncExample, "user=evans"
epics> dhbl

evansHost:aiExamplel
evansHost:aiExample
evansHost:aiExampled

e

5 | R cict+ |

3

¥

& New Project @

Select a wizard

—

Create a new EPICS project

‘Wizards:

| type filker text

BB C++
@ Managed Make C++ Project
[E4] Standard Make C++ Project
= cvs
== Eclipse Modeling Framework
1% EMF Project
157 Empty EMF Project
= E®R
(= EPICS
i £
(= Graphical Modeling Framewark
(= 12EE
== Java
[ﬁ Java Project
& Java Project From Existing Ant Buildfile

EPICS

=

>

£

< Back Einish
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A Perspective Can be a Single Application

File Edit Mavigate Search Project CS5 FieldAssist  Run  Pluginl Menu  Ares YisADAreaDataModel  Window  Help
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X-Ray Experiment

& Protein Crystollography - B

Eile Edit WNavigate Search Project Fielddssist  Run  Image Editor  Window Help
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Images from: BLU-ICE and the Distributed Control System, NOBUGS III, January 2000
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Prototype Implementation of ISAW

glad6942.run -
file Edt Navigate Search Project €55 FieldAssist Run  FEditor Menu Window Help

e i i B e
I | () 158w Perspective | & Java [ Resource
(% avigakor 32| =) | & apple.gif @B wodrzasorn | (B dladssez.aun 52 | = ﬁ-:
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. I n CI u d e S . [ 1 Beanline 9-2 | Title: H1_gladeg4z |
e 5 it T
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. ;
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nitries: L
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— An Editor for e e
[ @ pataset image 52 | @~ =0

ISAW DataSets

Loaded H1_gladaaz

r&

|3

|T\me(us)[1nﬂ'12500] |
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File C:\Documents and ... rImage O:
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Data Set Type Sample Data 101 Col.Row NaN

Run Title hackground Channel REL
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End Time 06:49:17 MML IL E(mev) Nah
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Views change e
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Area Data Editor - First Scientific Application

Radial Distribution

M Area Data - LaBé_B0kev_40cm_0001.1if -
File Edit Navigate Search Project C55 FieldAssist  Run  Flugind Menu  Area VisADAreaDataModel Window Help
g Q- 7 SRR S T e

B }@ Area Data-! [ €55 Standard ishdDemos & Image Editing @ ISAW 3‘;’ Java [ Resource

B Mavigator 51 ; 1 5 ¥ 7 0O |E] Laes_aokev_d0cm 0., | [E] LaBs_80kev_d0cm _0... & applegf (B Labe_sokev_d0m 0., 2| T4
@evans.tif ~
B image. gif
" image. jpeq
image. tif

[E] Lake_akev_40cm_ooot.a

[E] Lab6_sokev_40cm_0001.b.HF

[E] L aks_ankev_anem_nont . c.b¢

@ LaBe_gokew_40cm_0001, b

- Cstrich.png

& plain.mpe

" refresh,gif

B sample.gif

@ simulate_image. tif

-] test.mpe b

Memory Usage 54 | Error Log =
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- N W
L= -~
g 0 o

H . . A 1 | Radial Angular Distribution
1535 i : E 2 | |

B area Data Info TR e i
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Image

[ Restore ] [ Toogle 30 ] [ Remap :Ra\nbuw ¥

Threshold

Threshold: B
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Center
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