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1. Introduction

The Open Architecture Software Integration System
(OASIS™) Module Builder is used to create
Application Modules for the Particle Beam Optics
Laboratory (PBO Lab™) software. OASIS Module
Builder users should be familiar with the PBO Lab
graphic user interface. Refer to the PBO Lab User
Manual (Basic Package) for general information on
the PBO Lab user interface. This Section provides
an overview and describes the installation andainit
set up for the OASIS Module Builder.

Overview

There are two basic parts to using the OASIS
Module Builder to create a new Application Module
for PBO Lab. The first part is to use the OASIS
Module Builder to define the graphic interface
elements, the inputs, the outputs, and other featur
of the desired Application Module to be run with
PBO Lab. This manual describes how to accomplish
that part. The second part is to compile a libfary
the optics code that provides the computation engin
for the Application Module. That part depends upon
the computer operating system environment in which
the PBO Lab software is running. For a Microsoft
Windows based operating system, the library may be
either (A) a dynamic-link library (.dll file) or (Ban
executable application (.exe file). The Application
Module computation engine library is referred to in
this manual as either (A) a DLL or (B) an EXE. Jhi
refers to a Windows platform, with the
understanding that different types of libraries or
applications are to be used on other systems.

Figure 1 illustrates the basic steps for using the
OASIS Module Builder to create a PBO Lab
Application Module.

This Manual describes the use of
the OASIS Module Builder to
create interface features specific
to an Application Module for the
PBO Lab software. The main
(Basic Package) PBO Lab User
Manual provides more general
information on the user interface.

There are two parts to creating a
new Application Module for PBO
Lab:

1. Defining and building the
graphic interface components for
the Application Module, and

2. Creating the computation
engine library for the optics code
to be used by the Application
Module.

This Manual describes how to
accomplish part 1 using the
OASIS Module Builder.

The OASIS Module Builder
supports different configurations,
called "libraries" in this Manual,
for the beam optics computation
engines. In many cases it may
be possible to use an existing
library or executable for the
computation engine library.

This manual uses "computation
engine," "physics code,” "optics
program,” and similar terms to
refer to the underlying particle
beam optics program of an
OASIS Module.



PBO Lab provides an intuitive,
interactive, user  friendly,
graphic interface customized
to the needs of the accelerator
community. A number of
Application  Modules have
been developed for PBO Lab.
The OASIS Module Builder
extends the utility of the PBO
Lab software by allowing
researchers to create their own
Application Modules for PBO
Lab.

OASIS User Manual

Develop
w7 =

OASIS Module OModule.olab
Builder

Save As

OModule.omod

PBO Lab 3.0
main directory/

m

|
OModule.dll

PBO-Lab.exe

OModules

Figure 1. The OASIS Module Builder is used to aeeat
Application Modules for the Particle Beam Optics
Laboratory (PBO Lab).

I nstalling the OASI S Module Builder

The OASIS Module Builder is itself an Application
Module of the PBO Lab software framework -- a rathe
special Application Module -- but an Application
Module nonetheless. The OASIS Module Builder is
shipped on CD-ROM with version PBO Lab 3.0 and
later, and is automatically installed when PBO lLsab
installed. The procedure for installing PBO Lab is
described in theGetting Started section of the PBO
Lab User Manual (Basic Package). The manual (PBO-
Lab Basic.pdf) may be found inside the folder named
“Manual” on the PBO Lab CD-ROM. The PBO Lab
User Manual may also be downloaded (in PDF format)
from the AccelSoftvebsitgwww.ghga.com/accelsqft
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To access the OASIS Module Builder you will need
to have a user license and CD-Key for the Module.
This information should be entered into the PBO Lab
Registration window after installation of the PBO
Lab software. If you are installing PBO Lab foeth
first time, follow the instructions in the PBO Lab
User Manual (Basic Package). If you are adding the
OASIS Module Builder to an existing PBO Lab
installation, you will need to update your CD Key.
To do this, start PBO Lab in the (default) Single
Model Mode. You should see a PBO Lab Document
Window like that illustrated in Figure 2. Under the
Tutorial menu of the Document Window select the
Register choice. A PBO Lab Registration window
will open. Enter your CD Key and/or other data as
necessary.

EE PBO-Lab - Uritled1 E=

File Edit View Commands Tools Tutoral <§-

You will need to have PBO Lab
3.0 or later in order to utilize the
OASIS Module Builder. If you
already have PBO Lab 3 installed
on your computer, you will not
need to reinstall it. However, you
will need to have a user license
and CD-Key to use the OASIS
Module Builder. (OASIS will not
work properly with PBO Lab 2 or
earlier.)

| Tutorial
Hypertest Titorial

Fbout
QASIS Modules

Menu Bar

[rsror RIS D@ <ir ol & 5is 5
e il

Globals e Fioor Coordinates Shortcut Buttons
Sy Particle Charge |1.G-GBL‘C-U _'Iel 10000 33.0000 -
{ll) Particle Mass. 538,220000 !f.ie‘.-‘ LI 5110 222e+005 @ COI’lteXt SW'tCh
Beam Energy 2000000 iM&V -:J L0010 1.00e+010 &
Drift :
Beam Current [oo0000  [mamp =] 00000 1.00e007 Global Parameters
Frequency l425.uuuuus .1_f.1Hz =l 3.0000 3.00e-004 @ (on 3 Tab Panels)
Maximum Step Size ! 0.010000 Im :] 0:0020 10.0000
Work Space
| Model Space
«— |
Palette Bar

Bend

—PBO Lab Pieces)

Shortcut Button

[Hiﬂem—.shnw the Palette Bar  €— | | 0 Pieces

Figure 2. PBO-Lab Document Window with
selected features identified. The Tutorial
menu contains a Register selection.

Feedback (when mouse
is over Button)

Model Space Piece
Counter



The PBO Lab installation CD
contains sample OModules
that were developed with the
OASIS Module Builder. These
are located in the folder named
Sample OModules. OModules
are contained in single files
and have names like:
"DIMAD-sample.omod".

The corresponding libraries of
the computation engines are
located in the folder named
Sample Computation Engines.
Some of these samples are
used for illustrations in this
Manual.

Focussing

Bending

Plot ¥
Diata Interchange »
Function Intégration
Mumerical Intearation
Data Tools

PBO-Lab Preferences

You may use the OASIS
Module Builder immediately
after installation of PBO Lab
and entering the license
number and CD Key. Modify
the PBO Lab Preferences in
order to access the OASIS
Module Builder.

To initialize OASIS for creating
a PBO Lab Module, select the
radio button option: OASIS
Module Builder.

v
 Simulate Unsupporied Pieces as: - =i
£+ () zero length drifts Current Font,
£ () finite length drifts S
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Initial Set Up

After installation of the PBO Lab software has been
accomplished, the OASIS software is ready to run.
You may wish to install certain optional items froine
installation CD. A PDF version of this user manisal
contained in the Manuals folder on the CD. In
addition, some sample Application Modules builthwit
the OASIS Module Builder are also on the CD. The
sample OModules and corresponding computation
engines are contained in the folders Sample OMadule
and Sample Computation Engines, respectively. Drag
these folders from the CD to the same directory
(folder) on your hard drive where PBO Lab is insil

To set up and initialize the OASIS Module Builder
double-click (launch or start) the PBO-Lab.exe icon
located in the PBO Lab installation folder on your
computer. If PBO Lab has been launched from anfres
installation, the software will open a Document
Window such as that illustrated in Figure 2. Tiss i
referred to as the PBO-Lab Single Model mode. The
mode will need to be changed to the OASIS Module
Builder mode. To do this, mouse on the Tools menu
the Document Window (Figure 2) and select the PBO
Lab Preferences item in the menu. This will opea th
window shown in Figure 3. Select the choice OASIS
Module Builder for PBO Lab.

Main H Simulationz: I Focusing & Bending
= Application Type— - [~ Application Font- =
" PHO-Lab Single Model Mode Current Font: )
" Muttiple Model PBO-Lab l Al Choose Fuﬂtl

& DASIS Module Builder

[~ TextWindow Font -

Choose Font |

Figure 3. PBO-Lab Preferences window.
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After selecting the OASIS Module Builder for PBO-

Lab radio button, close the PBO-Lab Preferences
window. A dialog will appear indicating you wilkeed JJ) e e

to restart PBO Lab in order for some Preferences to
take effect. Close the OASIS Document Window, and
restart (double click the icon of) the PBO Lab
application. The OASIS Module Builder window
illustrated in Figure 4 will now open (instead tiet
PBO Lab Document Window shown in Figure 2). Menu Bar

Close and Restart PBO Lab
after changing the Preferences

Shortcut Buttons for:
L ——— PBO Lab Models
«— OASIS Modules

File Edit View Tools

Lattice Models Ejggi%é ﬁégﬁé&i o Modules El.@.‘j EE;%% 5&53

PBO Lab Models OASIS Module Specification Documents

&

List of Open Documents:

——  ———— OASIS Modules
[ ———— PBO Lab Models

= =
| |

Figure 4. The OASIS Module Builder window.

The Module  Specification

The Untitled1 document, highlighted in the righnhta Document is used to define
: : : : nearly all aspects of the

pane of the window shown in Figure 4, is used to graphic  interface  for an
create an Application Module. Double clicking the ajnication Module. When a
Untitled1 item will open a Document Window. Th$si  Module Specification Document
an OASIS Module Specification Document and is is completed, it will be saved
illustrated in Figure 5. It is similar to the PBGb as an OASIS Module file, or
. . . . simply OModule file (file

Document Window shown in Figure 3, but has special ¢yension omod). A completed
features and capabilities that are the focus af thi omodule file contains all of the

Manual. information needed by PBO
Lab for an Application Module.



Context Switch of an
OASIS Module
Specification Document
Will Show "OASIS"

as the First ltem

Manual
Section

2

OASIS Madule Specification
Module /0 File Specification

Global Parameters (Header)
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E% Untitled1 ] 5]
Fle Edt View | Commands Tools Tutorl
OASIS . CIASIS Module Specification ‘

TRANSPORT

Madule /0 File Specification

1%

»
L3
o ] TURTLE 13 Global Paramieters {Header) I Floor Coordinates
: DECAY-TURTLE » ] ; T
MARYLIE i Command Speciication 1.0000 §3.0000
TRACE 30 ,' Special Parameter Settings (SPS) » | psi10  2.22e-008
— S , Mot Special Settings L
e " \linesand Sublines Specification AL HELIEE
i =
Ci AutoCal
= __ompde 8 = Param Fiece Speciication S0000 GOl
2 Frequency Optics Piece Specification 3.0000 3.00e+004
Guad ) - Alizs Piece Specification
. Maximum Step Size Undefined Pieces Speciication 0.0020 10.0000
Lintitled Options Speciication

Final {Footer} Section

'Crptimizer Storage Parameters
Diata Interchange {SPS)
Optimizer Simulation Options

Wilrite Full Input File and View
Wiite Header {Globals) and View
Wiite Latfice {Pieces) and View
Wiite Footer and View

% | Run Input File

il

|0Pieces |

List Windows vl |

Command Specification

‘Special Parameter Settings (SPS) *

Matrie Special Settings
Lines and Sublines Specfication

Param Piece Specification
Optics Piece Specification
Migs Piece Specification
Undefined Fieces Specification
Untitted Options Specication
Final {Footer) Section

Optimizer Stmage_Pammeters
Data Interchange {SPS)
Optimizer Simulation Options

White Full Input File and View
Wite Header {Globale) and View
Wiite Lattice {Pieces) and View
Winte: Footer and Wiew

Run input File

List Windows *

OASIS Oiptiohs

Figure 5. OASIS Module Specification
Document window showing the OASIS items
of the Commands menu.

An OASIS Module Specification Document, with the
OASIS item on the Commands menu selected, is
illustrated in Figure 5. Sections 2 and 4-7 ofsthi
Manual correspond to the various dividing blocks on
the Commands menu. Section 3 of this Manual
discusses the specification of the beamline parenset
and their syntax, which is also referred to aslaligce
specification. Section 8 describes how to test an
OModule within the OASIS Module Builder. Of
course the final testing of an OModule should dee t
standalone .omod file generated as the last stéjpein
creation of a PBO Lab OModule (see Figure 1).
Section 9 describes how the Module Specification
Document is used to define a standalone (.omodyl file
PBO Lab Application Module.

The next Section (Section 2) includes discussidns o
the OASIS Module Specification, the Module 1/0O
Specification and the selection of Global Paranseter
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2. Defining an Application Module
(OModule) Using OASIS

The first step in creating an Application Module fo
PBO Lab using OASIS is to define the basic
parameters of the Module. A generic Application
Module created using OASIS will be referred to as a
OASIS Module, or simply OModule. This Section
describes how to start the creation of an OModarel,

The OASIS Commands menu
is used to access many of the
Module  Builder  windows.
Section 2 discusses the first 3
items of the menu.

summarizes the minimum required parameters neededManual
for defining an OModule. Required parameters must Secton

be specified in order for other parts of the OASIS

Module Builder to be active.

OASI S Module Specification

The creation of an OModule is started by double
clicking (opening) the Untitledl object highlightea
the right hand pane of the window illustrated
previously in Figure 4. This will open a Document
Use the
Commands menu to select the first item: OASIS
Module Information. This will open a window like

Window like that shown in Figure 5.

that illustrated in Figure 6.

B2 0ASIS Module Information []
Required Information; | Medukinformation:
OASIS Module Name Version
/y | DIMAD-sample I 1.0.0.0
1' MOdU|e Name Author Organization
I George Gillezpie G. H. Gille=pie Az=sociates, Inc.
Comments
Developed az part of DOE SBIR grant DE-FGOZ2-D4ERB2551. j

2. Computation Engine | pustonsiengine
Type (.dll or .exe) <: & Dynarmic Link Library (i)

"~ Executable { exe or other executable file)

. . Ci ional Engine DLL Name of Entry Point in DLL
3. Computation Engine [omanan DIMAD_INTERFACE

Info (.dll or .exe) <: S
|

Figure 6. OASIS Module Information window.
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— P (ASIS Madule Specfication
Module 10 File Specification
Global Parameters (Header)

Command Specification

4 ‘Special Parameter Seftings (SPS) »
Tiatroe Special Settings
Lines and Sublines Specfication

Param Piece Specification
Optics Piece Specification
Migs Piece Specification

4 Undefined Fieces Specification
Untitted Options Specification
Final {Footer) Section

Optimizer Storage Parameters
5 Data Interchange {SPS)
Optimizer Simulation Options

White Full Input File and View
Wirite Header {Globals) and View

6 Wilrite: Lattice {Pieces) and View
Winte: Footer and Wiew

6 Ruri input File
List Windows 1]
7 OASIS Oiptions

Select the OASIS Module
Specification item of the
OASIS Commands menu to
open the OASIS Module
Information window.

The data used to illustrate the
Module Information Window is
for the DIMAD-sample Module
created with OASIS. The
DIMAD-sample Module is one
of several new PBO Lab
Application Modules created
with the OASIS software.



DiAD-sample 7|

The OASIS Module Name will
appear in the Context Switch
of each PBO Lab Document
Window (Figure 2) when the
OModule is loaded. This name
will NOT appear in the context
of the OModule Specification
Document (Figure 5).

Once entered, the OASIS
Module Name will appear in
other places in the OModule
Specification Document. Below
is an example of how the
Commands menu appears for
the DIMAD-sample OModule
as specified in Figure 6.

OASIS Module Specfication

Module 1/0 File Specification
Global Parameters (Header)

Command Specification

-Special Parameter Settings (S5} 3
WMatrix Special Setfings

Lines and Sublines Specfication

Param Fiece Specification

Optics Piece Specification

Alizs Piece Specification

Undefined Fieces Specification
DIMAD-sample Options Specification

/ Final {Footer) Section

Optimizer Storage Parameters
Data Interchange {SPS)
Optimizer Simulation Options

Write and View "DiMadinput’
White Header {Globals) and View
White Lattice {Pieces) and View
Wirite: Footer and View

Run ‘DiMadinput’
»
— List Windaows ¥

OASIS Options

Other items in the OModule
Specification Document  will
also change as the OModule is
further defined. For example,
the Run entry on the
Commands menu for the
DIMAD-sample OModule has
the specified Main Input File
name (see the Module File I/O
Specification discussion on the
next page).

OASIS User Manual

Several pieces of required data need to be enieted
the OASIS Module Information window. The required
data include the OASIS Module Name, the
Computational Engine radio selection, and the name
the computational engine. There are two optioms fo
the Computational Engine, as determined by theoradi
button selection.

* |f the Dynamic Link Library (DLL) radio button is
selected, then both the name of the Computational
Engine DLL and the Name of Entry Point into that
DLL need to be specified.

* |f the Executable radio button is selected, thaly o
the Name of Executable for the computational engine
needs to be specified.

The other text fields of the OASIS Module Infornoati
window are optional, but strongly recommended. The
data in the Version, Author, Organization, and
Comments fields are used to provide users of the
OModule with information about the Module. For
example, the data will be displayed in a tab pahan
"About" window when a user requests information on
OModules accessible with his/her PBO Lab
configuration.  Figure 7 shows how the Module
Information illustrated in Figure 6 will appear the
About window for this Module.

About
0ASIE | DIMAD-zample

DASIS Development Tool for the Particle Beam Optics Laboratory
PBOL Version 3.0.0b0
E2004-2008 G.H. Gillespie Associates Inc.

OASIS Module DIMAD-sample Version 1.0.0.0
_Beorge Gilespie
. H. Gillespie Associates, Inc.

Developed as= part of DOE SBEIRE grant
DE-FGO2-04ERS3961 .

Close | Register I

Figure 7. An OASIS Module About window.
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Module File 1/O Specification

An OModule computation engine will access input and
write output using various files. These files are
identified using the File I/O Specification window.
Use the Commands menu to select the second item:
File 1/0O Specification. This will open a windowké

that illustrated in Figure 8. Manual
Section
— Main Input/Cutput Files — - CASES Module S@ed"fication
2 Module 10 File Specification
Main Input File Hame Global Parameters {Header)
I Dittadinput The main input file will be used to write the latlice — =
and input commands. ft is the only required FO file. Command Specification
Main Qutput File Name : 4 “Special Parameter Settings {SPS) *
I DiMadOutput This output file will be opened automatacally after Matrie Special Settings
returning from module calculations.

Lines and Sublines Speciication

Param Piece Specification
— Auxiliary VO - Text, Plot Data and Pieces { pbop) Files - i Optics Piece Specification

Augxiliary File Name IniOut Type Data Specification Open 4 Alizs Piece Specffication

= e Undefined Fieces Specification
! iOutput :_I !_sx‘t _:j l B Only From Menu Li Untitted Options Specification

Description: Final {Footer) Section

! Optimizer Storage Parameters
— Auxiliary Files & Graph Plots. i Plot Specifications - 5 Data Interchange {SPS)
ScreenData :_' ﬂ Optimizer Simulation Options

fort.32 -
fort.8 i Write Full Input File and View

EU R lcaions \iite: Header (Globals) and View
6 Wilrite: Lattice {Pieces) and View
Delete Winte: Footer and Wiew

e -
[

Delete Al 6 AlinhEEGE

List Windows 1]

OASIS Oiptions

Figure 8. File I/O Specification window. The ~ File 1/O  Specification
window is accessed by

o ) . . . selecting the second item on
The specification of the Main Input File Name iS the 0ASIS Commands.

required. When the completed OModule is instaited
PBO Lab, the PBO Lab software will open and write
data to the Main Input File for use by the OModule.

Is also good practice to specify the Main Outpug Hi
the OModule routinely generates text output. The
main input file and main output file are text fileShe
other optional specifications are used for addéion
files, including other input text files, output tefdes,
and graphics files. These are referred to as Asuyil
I/O files. The specifications for handling various
Auxiliary I/O files are described in later sections

13



OASIS divides the Main Input
File into several primary
sections. These primary
sections are designed to
support the input requirements
for a large group of particle
optics codes. OASIS uses the
following names for the four
primary sections:

Header

Lattice

Lines

Footer

Note that not all of the primary
sections of the Main Input File
need to be used for a given
OModule. Examples of Main
Input Files for various optics
codes are illustrated in Section
8 of this manual.

When writing the Main Input
File, an OModule first writes
the Header section, followed
by the Lattice section, the
Lines section, and concluded
with the Footer section.
Additional lines may be written
to the Main Input File between
these primary sections by the
use of OASIS Comm Pieces.
Comm Pieces are discussed in
Section 4.

OASIS User Manual

When an OModule is used in PBO Lab, the software
will write the input data, in the format needed thg
Module’s computation engine, to the file specifieyl
the Main Input File Name. How the required fornsat
specified with the OASIS Module Builder forms a
major part of remainder of this User Manual. Afies
computation engine has completed execution, the
primary text outputs from the calculation are verittoy

the computation engine to the file specified by the
Main Output File Name. This Main Output File will
then be automatically opened by PBO Lab and
displayed to the user of the OModule.

The Main Input File is divided into parts or seosdor
discussion purposes in this User Manual. There are
four primary parts of the Main Input File referredthe

as the Header, Lattice, Lines and Footer sectionise
OASIS Module Builder writes data to the Main Input
File in a prescribed order that follows these paifthe
data content of the various parts of the Main Irfale

are flexible, but the OModule developer should be
aware of the parts, and the order in which thetada
will appear in the Main Input File.

The remainder of this Section of the User Manual
describes the selection of Global Parameters fer th
OModule, as well as the way the data format for the
Header part of the Main Input File is defined. Tata
format is defined by prescribing a syntax for taxd
numbers that will appear in the Header. The
procedures used for specifying the syntax are dnees
as those to be used for defining the format ofdat

for individual optics elements and other inputsato
computation engine.
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Global Parameter Selection

The OASIS Module Information and File 1/O  Manual
Specifications are required for all OModules crdate Section -
using the OASIS software. The next step in creatin = | o gucun

an OModule is to begin the specification of the Mai _/vf‘”"a:;ﬁ‘*de"
Input File. Many optics computation engines will 4 -xﬂia;pp:::?ﬁ:ngs{sps}»
utilize some of the PBO Lab Global Parameters. s&he L e e o
Global Parameters (Figure 2) can be used throughout — = foenfeeSeciecin
the Main Input File, and are also available to pthe s |Eme
parts of the OModule. The particular use of Global it
Parameters will be unique to each OModule created, AR

Data Interchange {SPS)

and their use is perhaps best explained by way of 5 S
illustration via specific OModule examples.  Testf Vi Foll it Fieand Vi
step in making Global Parameters available to the 6 e e pemmdvo
OModule is to select them as OModule parameters. e e
This is described next. Then the procedures used t Lt Windows ;
place some of these parameters in the Header sectio 7 __ossisosion

of a Main Input File will be described. The Globals window is opened
by selecting the third item on
the OASIS Commands.

Ruri input File

Use the OASIS Commands menu to select the item:
Global Parameters (Header). This will open the
Globals parameter selection window illustrated in

Figure 9.
B8 Globals
0A5I5i Energy-i Distance | ‘
/ Globals 1 Tracing/Tracking. l Floor Coordinates
OASIS Syntax Button - - —
Parameters Value Units ‘Guidance Limits
! Parlicle Charge I 1.000000 lel 1.0000 53.0000
| Particle Mas=s I 533 280000 MeW :j 05110 222e+005
Special Parameter Settings 5| Beam Energy [Z000000 e I
(SPS) or "S" Buttons 5| Beam Current lg_gggggg [mam =l 0.0000 1.00e-007
5| Frequency [ 25000000 [z 3| 30000 3.00e+004
M 5 Maximum Step Size ig_mgggc i ]m :_j 00020 100000
-
] GLOBALS

Figure 9. The Globals parameter selection window.

The Globals parameter selection window contains all
of the PBO Lab Global Parameters (Figure 2).
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All existing PBO Lab Global
Parameters are available for
use as Global Parameters in
the creation of an OASIS
Module. Global Parameters
may be utilized throughout the
OASIS Module Builder.

Symbolic Parameter
Name is Used to
Identify All Parameters
Selected Utilized in an
OModule

Check Box to Select

Parameter of Use in /
the OModule %
Different Options for

Utilizing the Parameter

An OModule developer can
also define and utilize
additional custom parameters
throughout the OASIS Module
Builder. These form part of the
OModule Options and are
described in Section 4 of this
User Manual.

———————— P Symbolic Parameter Name: !GLOBALS1

OASIS User Manual

Click on a Special Parameter Setting (“S”) button t
open a new window that is used to assign attribictes
that parameter. The parameter can then be used by
other parts of OASIS and by the OModule itself.
Figure 10 illustrates the Special Parameter Setting
(SPS) window for the Global Parameter: Beam
Energy.

ESpecid Parameter Settings - Beam Energy [ %]

Beam Energy

OASIS ! Optimizer .
Units
Ly [¥ Uise Beam Energy in these Units : .:[Ge‘.ﬁ'c} < Choices
/' ¥ Usze this Parameter in these Unita. Parameter KeyWWord | R
v " Multipy by Scale Factor: BeGon0 § Optional
Ly ' Modify with Formula: ;-'ELIZ‘BALS'I _‘;! Key Word

Figure 10. Special Parameter Settings (SPS)
window for the Beam Energy Global Parameter.

There are a number of useful and important featofes
the Special Parameter Settings window that shoeld b
noted.

First, a parameter is only selected for use elsesvime
OASIS, or in the OModule being created, when the
box “Use this [Parameter Name] Parameter in these
Units” has been checked. Checking the box wilatze

a (default) Symbolic Parameter Name that appears in
the upper pane of the window. The default name
(GLOBALS1 in the example shown in Figure 10)
consists of two parts: a word identifier and a namb
The default word identifier is useful for locatirtigat
Symbolic Parameter Name later during the OModule
definition. The attached number is generated
sequentially during the OModule definition; this
assures that the default Symbolic Parameter Narthe wi
always be unique.
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The user may change the Symbolic Parameter Name,
but it is important to remember that all Symbolic
Parameter Names throughout the entire OModule
Specification Document must be unique

Second, each parameter has a number of attrichaées t
may be associated with it. Several different Units
selections are available, which are displayed ppa

up menu. The Units for a parameter are selectatdoy
OModule creator using that pop-up menu. The
specification to “Use this Parameter in these Units
tells OASIS what units to use for the parametearlat
the OModule definition. For example, when prepgrin
the syntax for writing to the OModule Main Inpulesi
the parameter will be written to the file in thdested
units. For the illustration shown in Figure 10gth
GLOBALS1 (Beam Energy) parameter value will be
written as the equivalent momentum for that Beam
Energy and Particle Mass.

Third, a parameter (in the Units specified) may die
modified further for use. Two primary options are
available. One is to Modify by Scale Factor, tist
multiply the parameter (in the Units specified) ay
constant. For the example shown in Figure 10hef t
equivalent momentum is desired in MeV/c, select the
second radio button (Multiply by Scale Factor) and
then enter the constant 1000. The GLOBALS1 (Beam
Energy) parameter will then be available in MeV/c
(rather than GeV/c) to the OModule. This type of
modification of the Beam Energy parameter will be
global throughout the OModule. @ Whenever the
Symbolic Parameter GLOBALS1 is used it would then
be evaluated in MeV/c. There are other ways to
accomplish this same modification locally, ratheart
globally. This will be described later when thenhat

for the data is defined with the syntax specifimadti

17

The Special Parameter
Settings provide a variety of
options for each parameter’s
attributes. For example,
several Units options are
available. In the Beam Energy
parameter specification shown
in Figure 10, the Units
selection has been used to
specify that the equivalent
momentum, p, in GeV/c is to
be used for this OModule,
rather than the (default) kinetic
energy. Scaling by constants,
as well as modification of the
parameter using a formula,
provide more options.



The set of numerical operands
available for use in formulas is
the same as those shown in
Figure 14. A Formula may be
used to redefine a Global
Parameter. The redefined
Global Parameter will then be
available for use in the OASIS
Module, utilizing the same
name.

The alternate method for
implementing formula based
calculations uses the {Math}
features available for the Input
Syntax specification where the
Global Parameters are used.
In most cases, this alternative
method is the preferred
method  for  implementing
formulas. See Section 3 for a
discussion and examples.

Parameter keywords, or
parameter type codes, are
used by certain computation
engines. For example, the
keywords might be used for
parameter fitting.

OASIS User Manual

Another option available for modifying the value af
parameter is to Modify with Formula. When the
Modify with Formula button is selected a formulanca
be entered. Other Global Parameters may be used in
the formula, and a number of operands (+, -, jr(),
cos(), etc.) are available. Consider the case evtier
beam total energy (kinetic energy + rest mass) is
desired. For this case, the Beam Energy could be
specified in Units MeV (GLOBALSL1), and the Particle
Mass (another Global Parameter, see Figure 9)
specified in Units MeV (e.g. GLOBALS2). The
formula to be entered would then be GLOBALS1 +
GLOBALS2. Whenever the Beam Energy
(GLOBALS]) is specified elsewhere in constructing
the OModule, it will be interpreted as the totaémgy,

and the numerical sum GLOBALS1 + GLOBALS2
will be provided. This type of modification of the
Beam Energy parameter will also be glottabughout

the OModule. Whenever GLOBALSL1 is used it would
then be interpreted as the total energy in MeV.isTh
result can also be achieved locally, rather thabally,

with a corresponding syntax specification.

Finally, a keyword (or type code) may be assigred t
each parameter. The keyword (or type code) is a
representation for that parameter that can be
recognized by the computation engine for the OMedul
being created. For the example illustrated in fF&dLo,

the GLOBALS1 (Beam Energy) parameter value in
equivalent momentum p(GeV/c) has been assigned the
keyword “P0O” which is typical of TRANSPORT-like
computation engines.
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Not all codes use keywords or type codes. Even for
computation engines that do use keywords or type Support for different versions
. of a computation engine IS
codes for some parameters, not every available PBO .. e\ easy to maintain and
Lab parameter may have such a keyword or type codecontrol with OASIS. OASIS
for that computation engine. In other cases aic®pt provides for multiple OModules
code may have been modified and improved at one thatcan be loaded at the same
laboratory, so that new keywords (or type codesjmo e g;‘l%ile'gd"c’fn”a':)yé
the original optics code are now used. OASIS makes ysed to support different
keyword (or type code) support available for all versions of a computation
parameters. This facilitates the OASIS Module tnea  engine.
in maintaining and updating OModules as the

underlying optics code evolves.

Close the SPS window (Figure 10) when the input is
completed for the Beam Energy. Thg&' 'button will

turn red, indicating that the Beam Energy parameter
has been given a Symbolic Parameter Name and has
SPS attributes assigned for use in the OModule. A
green dot will also then appear to right of the irBea
Energy parameter field of the Globals parameter
selection window. The green dot will also appear i
the Global Parameters pane of a PBO Lab Document
Window (Figure 2) when the context switch is set to
OModule name (e.g. DIMAD-sample), signifying that
the Beam Energy parameter is utilized by the OMedul
for writing the Main Input File.

Other Global Parameters are selected for use by the
OModule, as needed, following the same procedwses a
described for the Beam Energy. Figure 11 illusgat
how the Globals parameter selection window might
look after selection of a number of Global Paramsete

In the example illustrated, for the DIMAD-sample
OModule, all of the Global Parameters except fa th
Beam Current and Minimum Step Size have réd "
buttons and green dots, signifying that all buts&éh@
Global Parameters have been selected for use in the
OModule.
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E4 Globals

5
OASISI Energy | Distance ii ‘
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Red S Buttons
Show That

Symbolic Parameter
Names Are Assigned

Globale 1 Tracing/Tracking | Ficor Coordinates
Parameters Value Units ‘Guidance Limits
5| Particle Charge IW" lel 10000 930000 @ Green Dots
5 Particle Mass I 932 230000 Mew :j 05110 2228+005 @ Tell User
égaeamﬁnergy Iz_gggggg ey =] 00010 1.008+010 @ That These
5 Beam Clirrent l 0.000000 ImAmp = 0.0000 0.0044 o Parameters
.gtszrequency 1425_00080[} imHZ l! 3.0000 3.00e+004 @ Are Utilized
.ngMaximum Step Size i 0.010000 i ]m :_j Bo0020 100000
C
] GLOBALS

Figure 11. The Globals parameter selection window
for the example OModule: DIMAD-sample.

It is worth noting that the
numerical values of the Global
Parameters in the OModule
Specification Document  will
not be used, except for certain
testing purposes as discussed
later in this Section. When the
completed OModule is used
for a beamline calculation, the
Global Parameters for the
PBO Lab Model used in the
beamline  calculation are
utilized. The OASIS parser is
responsible for making these
substitutions at runtime. The
format for the use of the
substituted  parameters is
defined by a syntax that the
OModule developer specifies.

PBO-Lab

3 | There are no parameters selected.

1, Uze 'S’ buttens to select
parameters in Special Parameter
Setffings Windows.

A warning dialog will appear if
the OASIS button is used
before any parameters are
selected.

When the Global Parameters to be used by the
OModule have been selected they can be utilized
throughout the OModule. Examples of their use will
be illustrated in various Sections of this User Man

Header Syntax for the Main Input File:
Example of the DIMAD-sample OModule

Frequently the first use of the Global Parameteais w
be in specifying the format for the Header sectdn
the Main Input File. This is described here. The
OASIS Module Builder provides for a variety of
capability in specifying the syntax for all partcthe
Main Input File. Only a few are discussed in this
Section, others are described in other Sectionthef
User Manual. The reader may want to look at a
simpler example by skipping ahead to Section 3 and
reading the portion entitled "Example Using a Drift
Piece."

Select the OASIS syntax button on the Globals
parameter selection window (Figure 9) to open the
Input Syntax for Globals window. An example ofsthi
window is shown in Figure 12 before any syntax has
been entered.
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. Global Parameters, or
B2 Input Syntax for Globals

Variables, Available for
Variable | Parametertame | Unts |  Scale Exptassierr f] R Vars Defining Syntax
“GLOBALST Beam Energy pGeVie) | 1.00000 : E’U"i:ni::f
WodelName :
GLOBALSS? Frequency MHz | 1.00000 !ggﬂ;"e“ﬂm&v\d\\ Runtime Dynamic Variables
CONSTSA ieiic Constant e mone|1.000000E<0 L Il Available for Defining Syntax
! Type Code
| I—
: - ‘\\Type Code for Header
— Syntax for Header
=17 Defined Constant Available
for Defining Syntax
\ 'i 1 Header Syntax Input Field
f—]—-—- Header Syntax Evaluation
«— [ |Fieu
_| Button to Enter and Register
T Syntax for Header
-~ Operators _ : : _ :
2 | e L e | = e | e e | R i) Operators for Runtime

Parameters (Variables)

Figure 12. Input Syntax for Globals window.

The field labeled "Syntax for Header" is used tteen

specifications for writing the Header section ofth Note that the GLOBALSXX
. . ) . parameters need not all be
Main Input File in the desired format. Most of the . icd for use at the same
input to this field can be obtained from other i€8M  time.  The numbers XX
shown in the menu: Variables, Run-time Vars, Type attached to the GLOBALS
Code, and Operators. An example of a completed default Symbolic Parameter
. . . . . Names are not consecutive,
Syntax for Header field is given in Figure 13, ke and reflect the order in which
first summarize some information on important items  these particular parameters
were selected for use in the
The Variables list at the top of the window givege t  DPMAD-sample OModule. The
H Intervening numbers are
Symbolic Parameter Name for all of the Global ___ = & .. """ ccion
Parameters WhiCh have been selecte_d as O'Moduleof parameters for the Drift,
parameters (Figures 9 and 10). The Variables shiown Quad, and other elements,
Figure 12 correspond to the DIMAD-sample OModule. assigned in the order in which
The first four Symbolic Parameter Names correspond ;° Parameters Weve selected

to the 4 selected Global Parameters for the DIMAD-

sample OModule (Figure 11).
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Run-time Vars provide access
to dynamic runtime variables
useful for defining various
OModules. The Run-time Vars
include:

TypeCode

Comment

ModelName

ModuleName

ICOM

Include

If

IfNot

Endif

Date

Date-Time

Version

The DIMAD-sample OModule
uses 4 of these Run-time Vars
in the Header syntax:

ICOM

Date-Time

ModelName

Version

Both Variables and Run-time
Vars always need to be
enclosed in single quotes for
the OASIS syntax parser to
correctly evaluate them at
runtime.

OASIS User Manual

The Variables list also contains an additional Sgib
Parameter Name: CONST94. This is an example of a
Numeric Constant option for an OModule. The
specification of OModule options is discussed itade

in Section 4. This example is included here to
illustrate how additional user-editable data can be
incorporated into the Header by use of OModule
options.

The Run-time Vars are variables evaluated at me ti
when the OModule is used to operate on a PBO Lab
model file. The runtime variables provide dynamic
data that is different from the user-editable PBé&b L
Parameters such as the Global Parameters. Not all
runtime variables are appropriate for the Header
section and only four are discussed here: !COM,
DateTime, ModelName, Version. Other Run-time
Vars are discussed is Section 3.

The Type Code field is used to store an alphanumeri
string for the Header section that will be evaldai¢
runtime wherever the Run-time Var 'TypeCode'
appears in the syntax. The Type Code field is most
typically used in connection with specifying the iNla
Input File syntax for individual optics elementB@®
Lab Pieces) and examples are discussed in Section 3

The Operators provide a selection of mathematical
functions that can operate on the Variables aiment
The Operators may be used in the Header sectidn, bu
the discussion of their use is deferred until S&c8.

Variables and Run-time Vars can be entered into the
Header Syntax by clicking on the desired item ia th
appropriate list. The selected item will appeatha
Syntax in single quotes. For example, clickingtiom
ICOM item in the Run-time Vars list will result i&n
entry ''COM' appearing in the Syntax specification
field at the location where the cursor was lastgia
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Variables and Run-time Vars are always identified i
Syntax fields by single quotes. Variables and Run-
time Vars may also be typed directly into the Synta
specification field, but the single quotes must be
included for the OASIS syntax parser to properly
evaluate the entries at runtime.

The ICOM item in the Run-time Vars list is a comimen
delimiter for adding text comments to the Main Ihpu
File. The comment delimiter tells the computation
engine to "ignore" the associated text. Computation
engines generally have only a few allowed comment
delimiters and many have only one. Comment
delimiter selections for an OModule are made u#ineg
OModule Options Specification and are discussed in
Section 4. The comment delimiter for the DIMAD-
sample OModule is the exclamation point (!). The
entry ''COM' will be evaluated at runtime as !
wherever it appears in a Syntax specification field

Likewise, wherever the Variables entry 'GLOBALS1'
appears in a syntax specification it will be evtdaat
runtime, when the Main Input File is written, toeth
Beam Energy Global Parameter of the PBO Lab
Model. Similar comments apply for any Variables
entries 'GLOBALS31', '‘GLOBALSS57" and
'‘GLOBALS79' - these evaluate to the PBO Lab Model
values for the Particle Mass, Frequency and Particl
Charge, respectively.

Figure 13 illustrates the Header syntax specifcator
the DIMAD-sample OModule. The five ""COM'
entries are used to start the Main Input File with
comment lines. These comment lines include orginar
text (simply typed in) as well as three Run-timers/a
'‘Date-Time', 'ModelName' and 'Version'.
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OASIS Module Specification
Module 1/0 File Specification
Global Parameters (Header)

Command Specification

-Special Parameter Settings (S5} 3
WMatrix Special Setfings

Lines and Sublines Specfication

Param Piece Specification

Optics Piece Specification

Alizs Piece Specification

Undefined Fieces Specification
—> DIMAD-sample Options Specification

Final {Footer) Section

Optimizer Storage Parameters
Data Interchange {SPS)
Optimizer Simulation Options

Write and View "DiMadinput’
White Header {Globals) and View
White Lattice {Pieces) and View
Wirite: Footer and View

Run ‘DiMadinput’

List Windaows ¥

OASIS Options

Both the !COM Run-time Var
and the CONST94 Variable
are defined by the DIMAD-
sample Options Specification.
The OModule Options
Specifications are discussed in
Section 4.



The '"COM' Run-time
Var is used for
Comment Lines

Run-time Vars:
'Date-Time'
'ModelName'
'Version'

Provide Users with

Run Time Information

Whenever the OModule

BB Input Syniax for Globals E=
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— Run-time Wars -

Variable |

unte | scake | Expression

£

Parameter Name |

TypeCode

GLOBALST
GLOBALSS?
CONSTo4

{ Syntax for Header

Beam Energy piGeMic) 1.00000 et

WodelName

Freguency hHz: 100000 ModuleName
Com

Numeric Constant none none  [1.000000E<030

| *COM DIMAD-sample run nf‘Date—TimeéLPElO Lab model file:
'

COM Modell

utranzport

o
ICOM" XSIF-based file writer test module for DIMAD.dIl version 1.0
CON Verzion for unitz of utransport
CON' Latest DIMAD-zample Module Version Version'

INF - CONSTANT =

LONSTIS

is used.

The Defined Constant
'CONST94' Will Insert
A Numerical Value at
this Location

The Variable 'GLOBAL1'
Will Insert the PBO Lab
Model Beam Energy

pl="GLOBALST
4

v TCOW' initial momentum in GeVic

yal

SR

—Operators. :
23l | IE|

) T | e e |t ) [ |

e |

Log | _cos| _sM | TAN | ]

The Update button triggers the

OASIS  syntax

parser

to

evaluate the Variables, Run-

time Vars, and Operators.

The

Update button also "records"
the syntax in the OModule
Specification Document, which

can then be saved.

Figure 13. Input Syntax for Globals window
with the Syntax for Header as specified for the
DIMAD-sample OModule.

The Header syntax illustrated in Figure 13 also
includes other ordinary text items. Any item tlsatot

an operator, oot enclosed by single quotes, is
interpreted by the OASIS parser as ordinary text.
Ordinary text items will be written to the Main nip
File exactly as they appear in the syntax spetifina

Text and other items entered into the Syntax for
Header field need to be recorded and updated. oTo d
this, use the Update button in the lower right loé t
Input Syntax for Globals window. The Update button
will evaluate the syntax specifications for thereut
OASIS Module Specification Document and then
display the results in the lower pane (gray in gotd

the Syntax for Header field. Figure 14 illustratks
result for the DIMAD-sample OModule.
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BB Input Syniax for Globals E=

— — Run-time Vars —
Expression ﬂ

| Unts | scae |

p(Gevic)

Parameter Name
Beam Energy

Wariable |
GLOBALST

-

TypeCode
Comment

WodelName

[ I COM =l
CONST94 Mumeric Constant mm 0000 |
i - " TypeCode
[

— Syntax for Header
| 'CON DIMAD-sample run of ‘Date-Time" for PBO Lab model file:
ICOM' “ModelNams’

ICOM" XSIF-based file writer test module for DIMAD.dIl version 1.0
CON Verzion for unitz of utransport

CON' Latest DIMAD-zample Module Version Version'

utranzport

G

Variables and Run-time Vars
are evaluated for the OASIS
Module Builder Document
when the Update button is
selected.

'ICOM' Run-time Var is
Evaluated to ! (Comment

INF : CONSTANT = 'CONSTS4
0="GLOBALST" TCOW' initial momentum in GeVic
v

| DIMAD-Sample run of D1/26/08 15.48:59 MK B0 Lab mode! fis)
! OASIS_DIMAD-sample €

* NEIF-based file writer test module for DIMAD dil version 1.0
i \fersion for units of utransport
! Latest DIMAD-zample Moduls Version 1.0.0.0
utranzport
030 <

INF : CONSTANT = 1

I

|
i

|
I

L]
I

p0=5,129535E- 000w initial momentum in GeVic
=
—Operators. : : - - ’
23 | W B e s B (N i St |

= | SQRTI LOG l COS’l SN | TAN I l | jmathii

Delimiter for DIMAD)

Run-time Vars:

:\ 'Date-Time'
[ 'ModelName'

'Version'
are Evaluated.

~Numerical Values

Substituted for

Figure 14. Input Syntax for Globals window
after the Update button has been used.

The numerical values of the Variable®NST94' and
'GLOBALS1' are displayed in a format that can be
specified by the OModule developer. Real numbers
and integers can be specified in a variety of fdasma
The OASIS Options are used to specify the formats
needed by the computation engine. (The OASIS
Options should not be confused with the DIMAD-
sample Options Specifications.)

Other text entered into the Syntax for Header fugildl
appear unaltered in the Header syntax evaluateld fi
following an Update. During the running of a PBO
Lab Model with the DIMAD-sample OModule, the
Header section of the Main Input File will appaathe

'CONST94' & 'GLOBALSY'

Update Button Both Updates
and Records the Syntax

(OASIS Module Speciication
Module /0 File Specfication
Global Parameters (Header)

‘Command Specffication

‘Special Parameter Seftings {5PS) »
Matri Special Settings

Lirnes and Sublines Speciication

Param Fiece Specification

Optics Piece Specification

Migs Piece Specification

Undefined Fisces Specification
DIMAD-sample Options Specification
Final {Footer) Section :

Optimizer Storage Parameters
Data Interchange {SP5)
Optimizer Simulation Options
Write and View ‘DiMadinput”
Write Header {Globals) and View
Wiite Lattice (Pieces)and View
White Footer and View

Run ‘DiMadinput’

List Windaws *

__—W 0A5IS Options.

same form as illustrated in Figure 14, only the \umerical format is specified

Variables and Run-time Vars will be evaluated foz t
specific PBO Lab Model.
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with OASIS Options and is
described in Section 7.



The Update button "records”
the syntax for the OModule
Specification Document. If the
Update button is NOT used,
the syntax will be lost if the
Input for Globals Syntax
window is closed.

The Header can be written to
the Main Input File and viewed
for test purposes using the
Write Header (Globals) and
View item on the commands
menu. This command is
described further in Section 6.

OASIS Module Specfication
Module 1/0 File Specification
Global Parameters (Header)

Command Specification

-Special Parameter Settings (S5} 3
WMatrix Special Setfings

Lines and Sublines Specfication

Param Fiece Specification

Optics Piece Specification

Alizs Piece Specification

Undefined Fieces Specification
DIMAD-sample Options Specification
Final {Footer) Section

Optimizer Storage Parameters
Data Interchange {SPS)
Optimizer Simulation Options

Write and View "DiMadinput’

/V White Header {Globals) and View
White Lattice {Pieces) and View
Wirite: Footer and View

Run ‘DiMadinput’

List Windaows ¥

OASIS Options

When writing the Main Input
File, an OModule first writes
the Header section, followed
by the Lattice section, optional
Lines section, and concludes
with  the Footer section.
Additional lines may be written
to the Main Input File between
these primary sections by the
use of OASIS Comm Pieces.

OASIS User Manual

The Update button also records the data of theagynt
items into persistent software objects of the OMedu
Specification Document. The software object model
for OASIS is an extension of the software objectleio
for PBO Lab and persistent data will be saved l® fi
when the OModule Specification Document is saved.
Saving different document types (.olab and .omod
extensions) is described in Section 7.

OASIS provides for dynamic user testing of the
OModule Specification Document as it is being
developed. There are several levels of testing
available, and the simplest tests are made usiag th
Write... entries of the OASIS Commands menu. The
Write Header (Globals) and View command produces
the DiMadInput file illustrated in Figure 15.

fia DiMadinput [C[E]x]
Fite Edit Font

I DIMAD—=ample run of 01-29-08 20:08:13 for FBO Lab model file fj
I 0ASIS DIMAD—=ample

I ¥HS5IF-based file writer test mnodule for DIMAD.dll wersion 1.0
| Version for units of utransport

| Late=st DIMAD-=zample Hodule Ver=sion 1.0.0.0

utransport

INF : CONSTANT = 1.000000E+030

pl=6.129535E-002 | initial momentum in GeV-/c

|

| | ®

Figure 15. Header Section of the Main Input
File for the DIMAD-sample OModule.

The discussion of the selection of Global Paramseter
and the specification of the format and syntaxtha

Header section of the Main Input File, gives a forie
introduction to these topics. The examples for the
DIMAD-sample OModule illustrate representative
features. The DIMAD-sample OModule is included
with the OASIS Module Developer for further study.

The next Section of this User Manual describes the
development of the principal components of theitatt
section of the Main Input File. Procedures simtlar
those presented above are utilized there to select
parameters and define syntax for beamline elements.
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3. Beamline Parameters and Syntax

This Section describes one of the more importartspa
of defining a PBO Lab Application Module using the
OASIS Module Builder: selection of beamline eletmen
parameters for the Main Input File. This Sectitsoa
describes how to specify the syntax for writing the
selected parameters to the Lattice section of thenM
Input File. The detailed format of the Main Ingtite

is developed using the procedures summarized here.

The procedures are similar to those described in
Section 2 for the Global Parameters and are dieduss
here initially by way of example for the case dbaft
Piece.

To begin, make sure that the OASIS Module
Specification Document window is open on the
computer screen, similar to that shown in Figure 5.
The required information needed to specify an
OModule (Section 2) should also be completed.

Optical Components

Example Using a Drift Piece

From the Palette Bar appearing on the left sidthef
OASIS Module Specification Document window,
select a Drift Piece icon and drag it to the Md8pace

of the window. Figure 16 illustrates how the OMizdu
Specification Document window should appear with
the Drift Piece on the Model Space.

Note that the example used in Figure 16 illustrams

the DIMAD-sample OModule Specification Document
would appearduring this stage of the Module
development. The DIMAD-sample OModule
distributed with the OASIS Module Builder will
actually have more Pieces on the Model Space since
that is a more fully developed OModule.
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5-Bend

Eend
Individual  optics elements
(PBO Lab Pieces) are located
on the scrolling Palette Bar of
the OModule Specification
Document.

Drift

The Drift Piece offers a simple
example to illustrate creating
the element syntax of the Main
Input File  for  several
computation engines.
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4 OASIS_DIMAD-sample B = B
Fle Edit View Commands Tools Tutorial

forss =l I i<l

—v = Globals I Tracing/Tracking I Floor Coordinates
s... Particle Charge IW 121 {0000 930000

) Particle Mass 536250000 | |Wev =] 05110 222e+005 ©

I 3 Beam Eneray 5000000 [11ev = 0.0010 1.00e010 @
i Beam Current Ig_gggggg | Im;\mp _'J 0.c000 00044

gg Frequency 1.425.000000 'ir.lle = 3.0000 3.00e+004 &
uuqd_ Masimum Step Size 0010000 m =] 00020 10.0000
Sdid

1] | X

| | [ piece |

Figure 16. OASIS Module Specification
Document with Drift Piece on the Model Space.

Double click the Drift Piece icon on the Model Spac
to open the Drift Piece window. The Drift Piece
window is shown in Figure 17. Several featurethef
Piece window are indicated.

fa Drift Space

0ASI5 | Energy | Distance | Tutorial
Parameters Value Units Guid Limits
OASIS Syntax Button 5| Effestive Drift Length [o.010000  [m =]  ooon  sseasst
5/ Pipe Aperture Radius [ 20000000000 | {em =] 100=005 200004
. . B =t i inal 4 I i
Special Parameter Selection st 1 1 100
5/ Segment Length 0540000 [ =] oo sseast

(“S”) Buttons

Comments:
I DRFT

Figure 17. Drift Piece window with selected
features identified.

PBO-Lab

e - .-
e The procedures for the selection of parametersiger
by an OModule, together with the syntax speciforati
The OASIS Syntax Button for writing data to the M_aln Input File, are veliyndar
cannot be used to define to the procedures described for the Global Paramete

syntax before any parameters
have been selected.
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Selecting the “S” button will open the Special
Parameter Settings (SPS) window for the parameter.
The SPS window for the Effective Drift Length is
illustrated in Figure 18. Figure 18 also idensfie
several features of the SPS window for the OASIS

Module Builder Parameter Name
Ei Special Parameter Settings - Efective Drift Lenott: Symbolic Parameter Name
Effective Drift Length ] / Field
Symbolic Parameter Name: ! /

_ 1 — OASIS Tab Panel

QASIS Transport Marylie Trace3l Optimizer

e e e —— Tab Panels for Other Installed

[y

' = PBO Lab Modules (not used
o by OASIS Module Builder).
CH | || TTT——— OModule Parameter Selection
Check Box

Figure 18. Special Parameter Settings
(SPS) window for Effective Drift Length.

Clicking the OModule parameter selection check box,
appearing in the upper left of the OASIS tab pawél,
select the Effective Drift Length as a parameteat th
will be used by the OModule under construction.
When the box is checked, a default name will appear
the Symbolic Parameter Name field, and other parts
the window will become active. Figure 19 illusesita
typical appearance for the SPS window when the
Effective Drift Length parameter check box is stdec

The example used for Figure 19 is from the OModule
DIMAD-sample. Selecting the check box activates:

the units selection popup menu, the Parameter Pierent options in the SPS

window are used to specify

Keyword field, and sets the radio button to thead#f how the selected parameter
Use this Parameter in these Units. Other raditobut  will be made available to the
choices offer different options for the numericalue OModule.  Units, keywords,

and other attributes can be

of the parameter to be used in the OModule. These® .
assigned.

other options are the same as those described in
Section 2 for the Global Parameters.

31



Default Symbolic Parameter
Name Assigned

OModule Units Selection Pop-
up Becomes Active

Radio Buttons Become Active
and Default Set

Field Becomes Active

%)
Drift

A red O will appear on the
Piece icon for which a
parameter selection has been
made. This designates the
Piece as an OASIS Piece and
indicates that at least one
parameter has been selected
for use in an OModule.

E—

RLambda
mm
crm

krn
inches

fest

Length Units Popup

PBO Lab supports the input of
parameters in a variety of
units, including "smart units"
such as pBA (BLambda) for
length. The OASIS Module
Builder supports the same
units.

— Effactive Drift Length
Symbolic Parameter Name: !DRIF.-’1G

D OASIS ! Transport ] Marylie I Tracedl ] Optimizer !

P (+ Use this Parameter in these Units. Parameter KeyWWord | l L
> " Multipy by Scale Factor: N0
HELO
o
- Modify e : nRIFT1a

OModule Parameter Keyword /

OASIS User Manual

— P [V Use Effective Drift Length in these Units - Im #I

Figure 19. Special Parameter Settings (SPS) window
when the OModule parameter selection box is checked
Elements activated by checking this box are inditat

To complete the selection of the Effective Driftniggh
for use in the OModule:

® Select the OModule units for this parameter
* EnteranyOModule keyword for the parameter

® Choose the appropriate radio button option
and enter additional information if needed.

In Figure 19 the units option for meters (m) hasrbe
selected, the DIMAD key worl has been entered, and
the default setting for the parameter usage has $ete

It should be noted that the data appearing in tA8IS
Piece Window is not used directly by an OModule.
The particular values of the Effective Drift Length
Pipe Aperture Radius, etc., in the OModule
Specification Document will not be used for any
calculations (other than OASIS Module Builder
internal testing). When the OModule is utilized &y
user for a particular PBO Lab Model that contaimgtD
Pieces, the values for the parameters will obtained
from the Drift Pieces of that PBO Lab Model.
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With the completion of the parameter settings, SRS
window may be closed. The Drift Piece WIiNdow ;) meesemponses sosces
(Figure 11) should still be open. The next stepois ek b e

define the OModule specific syntax for how a Drift
Piece and its parameters (e.g. Effective Drift LtBihg

will be written to the Main Input File which will éb ]f(’)ar“i;“eelt)e'fsth;““Osl\tﬂ(?;ulzel')ee%erg
read by the computgtlorj engine. Use the QASIS defining t{le Input Card Syntax
syntax button appearing in the upper left of th&tDr o the piece. Otherwise a
Piece Window (Figure 17) to open the Input Syntax dialog window will appear
window. An example of the Input Syntax Window for advising the developer to

a Drift Piece is illustrated in Figure 20. select parameters.

Element & Global
Parameters (Variables)
for Defining Syntax

[ ey —

Variable | Parameter Hame
DRIFT10 Effective Drift Length

TypeCode
Comment

Sequence :
E:ﬂiﬁﬁf_’\;}\\ Runtime Variables for
' Defining Syntax

| _ OModule Type Code for

[ Syntax for Drift i Element
|'Comment : TypeCede', L=DRIFT10" =

Element Syntax Input
Field

A

| Element Syntax

‘/%]/ Evaluation Field

Button to Enter and
|_ Register Syntax for this
Element

r—Operators - /

R e R Operators for Runtime

s | sert| toc] _cos| _sm | _TAN | e | mathi] \ Evaluation of Numerical
Parameters (Variables) of

Figure 20. Input Syntax for Drift Space window f@MAD. Element

The Input Syntax window is used to specify the
detailed alphanumeric text line(s) that will be ttem to
the Main Input File for any optical Piece. Iltemsda
text entered into the Syntax for Drift field proeidhe
specification of the format and syntax for the
alphanumeric text line(s). Figure 20 shows an gtam
with ‘Comment’ : ‘TypeCode’, L= ‘DRIFT10’ entered.
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The Input Syntax window
offers a number of features for
use in defining how an optics
component is written to the
Main Input File for an OModule
computation engine. Only a
few of these capabilities are
needed to specify the text line
(Input Syntax) for the Drift
Piece of the DIMAD-sample
OModule.

OASIS User Manual

There are several features of the Input Syntax ewind
that should be noted. First, the parameters ditaila
for use in writing to the Main Input File are givam
the Variables list at the top of the window. Ths&
includes all parameters of the Piece selected $&r u
(see Figure 19) in the OModule, together with any
Global Parameters also selected for use (see Fid))re
in the OModule. Second, a list of runtime variable
(Run-time Vars) available for use in defining the
syntax is shown in the upper right part of the vewd
Third, a field is available for specifying any Tygede
that is used by the OModule for the Drift. Fouréh,
variety of numerical operators are available foe us
defining the syntax.

The Input Syntax refers to the text line (or linésat

will be written to the Main Input File for the OMat
computation engine. The example shown in Figure 20
corresponds to the Drift Piece syntax defined fee u
by the DIMAD computation engine. The first item in
the Input Card Syntax is the Commertofment’)
runtime variable. The Comment is followed by a colo
() and a second runtime variable, the Type Code
(TypeCode'). The Type Code is followed by a comma
and parameter assignment string=). The parameter
value is given by the DRIFT10 Variabl®RIFT10').
The DIMAD Type Code for a drift is entered into the
Type Code field YRFT). Note that all Variables and
Run-time Vars must be enclosed in single quotes. How

Is this Input Syntax used? When PBO Lab has the
OModule installed, the Input Syntax is used forheac
Drift Piece in any beamline model to write the
appropriate card to the Main Input File. The Vhles
and Run-time Vars '@omment, 'TypeCode', and
'DRIFT10") are evaluated for each drift, and the
appropriate text and numerical data are then wariibe
the Main Input File.
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The Update button, located in the lower right pert
the Input Syntax window (Figure 20) is used to s&ggi
and record the syntax specification. The Inputt®yn
becomes what is referred to as “persistent datagrnwh
the Update button is selected. The Input Card &ynt
will not be retained or saved if the Update buitonot
used. The Update button also evaluates Variables and
Run-time Vars for the current Drift Piece (i.e. Daft
Piece being used to define the syntax). The result
displayed in the syntax evaluation field. Figurk 2
illustrates the Input Syntax window after using the
Update button for the DIMAD-sample Drift syntax
illustrated in Figure 20.

The Update button in the lower

right of the Input Syntax
window operates like an
“accept” button, registering

and retaining the Input Card
Syntax. The Update button
also evaluates the syntax for
the Drift Piece being used to
define the OModule syntax,
and displays the results in the
syntax evaluation pane. This
permits some  preliminary
testing of the Input Card
Syntax for the OModule under
construction

B input Syntax for Drift Space I B
T 2 = = — Run-time Wars -
Variable | Parameter Hamg | Lnits | Scale | Expression ﬂ o
7 s ; : TypeCode
DRIFT10: Effective Drift Length m 1.00000 ot

Sequence

GLOBALS3T Particle Mass GeV 1.00000 Sequences+

BLOBALSTS Particle Charge lel 1.80000

| [orF

— Syntax for Drift

Sequence— ;_'

|'Comment : TypeCede', L=DRIFT10"

[»

1]

Text Appears in the
Syntax Evaluation Field

¥SIF_DRIFT : DRF, L=1.000000E-002 <

Whenever the Update

<

Button is Selected

0

)| N ) ) s S e S e 0 o e 8 s

o | SQRTI LOG l . CES | SN | TAN I l | jmathii

Figure 21. Example of an Input Syntax for Drift
Space window after the Update button is used.

The Update button calls on the OASIS parser ta firs

evaluate the syntax in the specification field dnen
to display the results in the evaluation field.
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Make sure that text appears in
the syntax evaluation field
before closing an Input Syntax
window. If no text appears in
the syntax evaluation field, the
syntax specification will not be
saved!



The Drift Piece Comments
field (see Figure 17) for the
DIMAD-sample OModule
shown in Figure 21 has XSIF-
DRIFT entered (rather than the
Drift Piece default: DRIFT).
This comment refers to the
eXtended Standard Input
Format utilized by a number of
particle beam optics codes.
The Standard Input Format
(SIF) and Methodical
Accelerator Description (MAD)
formats can be considered
simpler versions of XSIF. The
DIMAD-sample OModule can
be used as a starting point in
developing OModules that use
the XSIF, SIF or MAD input file
descriptions.

The OASIS parser provides
some feedback in the event
that syntax and/or variables
are improperly defined. For
example, suppose the syntax
refers to a Variable named
BAD22, e.g. the single-quoted
string '‘BAD22' appears in the
syntax, but BAD22 has not
been defined. The OASIS
parser will display the following
for BAD22 in the evaluation
field:
Variable can not be found

OASIS User Manual

Whenever the Update button is used, the OASIS parse
utilizes data for the syntax evaluation that isaoixd
from the (OASIS) Piece itself. This provides an
internal test of the syntax which the OModule
developer can examine for accuracy and completeness
The data in the OASIS Piece can be modified by the
developer in order to test different aspects of the
syntax. This is particularly useful if the syntax
contains mathematical expressions. Sometimes there
may be a specific set of Piece parameters that is
particularly useful for testing syntax that congin
mathematical formulas. That data may be entered in
the OASIS Piece and it will be saved when the
OModule Specification Document is saved. Data
entered into an OASIS Piece and saved with the
OModule Specification Document will not impact the
operation of the OModule in PBO Lab. When an
OModule is instantiated in PBO Lab by a user, the
OASIS parser will act upon the data present irRB®

Lab model under investigation, regardless of wizdad

Is present in the corresponding OASIS Piece. The
Update button is one of the few times that the i§jpec
numerical data in an OASIS Piece is used. Howater,
provides a quick and interactive capability to testh
Piece's syntax as it is specified by an OModule
developer.
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Drift Syntax for Different Computation
Engines

Figure 22 shows some Input Syntax for Drift Space
windows with syntax developed for three (3) diffgre
computation engines. From top to bottom these
computation engines are: (a) PARMILA-1, (b)
PARMILA-2 and (c) the "old" style TRANSPORT.
PARMILA-1 corresponds to the version of PARMILA
that was in common use prior to ~1998. PARMILA-2
corresponds to the version that has been in prarhine
use since that time. One difference between these
PARMILA versions is how transport elements (e.g.
drifts) are described in their respective inpudil The
old style TRANSPORT refers to versions of
TRANSPORT that still use the original positional
notation input file.

Figure 23 shows some Input Syntax for Drift Space
windows with syntax developed for three (3) addigib
computation engines. From top to bottom these
computation engines are: (@ "MAD" style
TRANSPORT, (b) TRACE 3-D and (c) MARLYIE.
The MAD style TRANSPORT version uses
descriptions of beamline elements that are sinmoar
those in the DIMAD-sample OModule.

The Input Syntax windows shown in Figures 22 and 23
are typical of the spectrum of input formats for
different computation engines. Note that the
PARMILA-1 and TRACE 3-D use the Run-time Vars
‘Sequence’. The ‘Sequence’ runtime variable is
discussed further in the quadrupole example section
For the Comments field of the Drift Pieces (seaufgg
21) used for Figures 22 and 23, the name of the
underlying computation engine has been enterece Th
runtime variableComment’ as evaluated in the Syntax
Evaluation Field reflects this name.
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Although the syntax for drift
elements does not use any
Global Parameters, it is worth
noting the different uses
shown in Figures 22 and 23:
The examples show various
Global Parameters for each
computation engine: Particle
Charge, Particle Mass, Beam
Energy, Beam Current, etc.
Different units have been
specified for some of the
Global Parameters. For
example, the Beam Energy is
specified to be expressed in
terms of the beam momentum
(GeV/c) for the TRANSPORT
examples. Also note that the
Particle Mass is multiplied by a
factor for the PARMILA
examples in order to comply
with the conventions of those
codes.
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Variable |

Parameter tame | Scaie |

Drift2.
DRIFT117
. GLOBALS31

GLOBALS33

Foieaiiinh

Effsctive Drift Length cm 1.00000

Particle Mass 0,00107

Frequency MHzZ 1.00000

[trans1 ‘Sequence’ TypeCode' 'Drift2'

DRFTI17 ‘DRIFT116" COM' ‘Comment

(@)

Figure 22. Input Syntax for Drift Space windows foree (3) different computation

transt 1 1 1000000 A

= | _serr]|

20000.000000 ! PARMILAY

L ——— e —

Variable |  Paramefertiame | Unts | Scale | Expression

Drift2 Effective Drift Length cm 1.00000

DRIFT236 Longituinal Segments pone 1.00000

. BLOBALS3 Particle Mass Mev 0.00107

GLOBALS33 Frequency MHz: 1.00000

— Syntax for Drift

| TypeCode' 'Drift2 '.DRIF!'235‘ ‘QutputFlag’ 'DRIFT238" ; Comment: 'Comment’

(Drift  1.000000 20000.000000 0 1 ; Comment PARMILAZ

DRIFTI0 Effective Drift Length m 1.00000

GLOBALEZ ‘Beam Ensrgy | piGevicy | 1.00000

- Operators.

2 | 2 | [ cLosasie “Particle Charge t=| 1.00000

(b)

i | sorT|

GLOBALSED Frequency | wHz 1.00000

— Syntax for Drift

:J — Run-time Vars———
-

TypeCode |
Comment ]
Sequence :

Sequence++
Sequence— >

— TypeCode

m—. %

[TypeCode' DRIFT1D ICOM CommentiCOM

3.0 0.070000 /OLD_TRANSPORI ;

=

sl | I i e | I

(€)

engines: (a) PARMILA-1, (b) PARMILA-2 and (c) "dldtyle TRANSPORT.
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Pararneter Hame
DRIFTA0. Effective Drift Length m ‘| .00000

BLOBALEZ | Particle Mass | @ew | 1oco00

EE————

-~ Syntax for Drift
'|‘Cumment‘ 1 TypeCode', L="DRIFT10";

WAD_TRANSPOR - DRFT, L=1 0000D0E-R0Z .

— Run-time Vars ——

Abcasis e - e, TypeCode AI

Drift4 Effective Drift Length mim 1.00000 oot =
Sequence -

[ Globalsé Parficle Mass | wew | 100000 5 Sequence++

S Seguence— ]

22 | a3 | [ Ghbas Frequency Wz | 100000

) om

—TypeCode——

h :

Globals13 | Max Step Size | mm | 1.00000

-

— Syntax for Drift

(a) cn'meequence'}:’:COM"C.umment“.COl.'l‘. ntf‘Sequence'}:’TypeCnde‘. af.1 .'Sequenoe'}f‘ﬂr.iﬂi'. 0.00000000, - 0.00000000, 0.00000000, )_ﬂ
0.00000000 -

Gmt(1)=TRACE_3D', nt(1)=T, a(1,1}=1.000000E+001, 0,00000000, 0.00000000, 0.00000000,

0.00000000 | :l

e Vare
| paramtertiame | umts | Scak | Expression &

- — . - = o S L = [

DRIFTE. Effective Orift Length. m | 100000 e 3 4
Sequence -

GLOBALSZ Particle Mass | eew | 100000 . Sequence++

Seguence— o

i Dperators | GLOBALSY S 7 T o
e % GLOBAL Frequency MHz 1.00000

3 = — Type Code
L # | Lzoar] GLOBALSE Number of Tracking Turns | none | 1.00000 :- e

| Syntaxfor Drit -
|'Comment® TypeCode
(b) ‘DRIFTS

et bl 2
1.000000060000E-002

EE

- Operators
] (N e ] N I |

I =)
= | somr]| o | cos | =T ] | aty]

(€)

Figure 23. Input Syntax for Drift Space windows foree (3) different computation
engines: (a) "MAD" style TRANSPORT, (b) TRACE 3dbd (c) MARYLIE.
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Section
OASIS Module Specification

2 Module /0 File Specification
Global Parameters (Header)

Command Speciication
4 “Special Parameter Settings (SPS) »
Tiatroe Special Settings
— Lines and Sublines Specification

Param Piece Specification
Optics Piece Specification
Aligz Piece Specfication

4 Undefined Pieces Specification
Untitted Options Specification
Final {Footer) Section

Optimizer Storage Parameters
5 Data Interchange {SPS)
Optimizer Simulation Options

Wite Full Input File and View
Wiite Header {Globals) and View

6 Wirite Lattice {Pieces) and View
Wilnte Footer and View

Run input File
6 inp

List Windaws 3
7 OASIS Options

The Lines and Sublines
Specification can be used to
define the labeling scheme for
hierarchical beamline lattice
descriptions. The ‘Comment’
Run-time  Vars can be
evaluated to a unique dynamic
label in support of hierarchical
lattice descriptions.

OASIS User Manual

As mentioned, the comments for the Drift Piecedduse
in Figures 22 and 23 have the name of the underlyin
computation engine entered into the Comments field.
The OASIS parser evaluates the runtime variable
‘Comment’ and puts this name in the syntax evaluation
field when the Update button is selected. Howeler,
Is worth noting here that théComment' runtime
variable can also take on different values for
hierarchical lattice descriptions. How this s
accomplished is discussed in Section 4. Wheraicert
hierarchical lattice descriptions are specifiedge th
OASIS parser can substitute a dynamic labeling for
each‘Comment’ runtime variable when the OModule is
used in calculations for a PBO Lab Model.
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Example for a Quadrupole Piece

The Quadrupole Piece offers an example that is
modestly more complicated than the Drift Piece.
Figure 24 shows the Piece window for a quadrupole,
illustrating several features of the window that apt
present for the Drift. The example illustratedHigure

24 is for the DIMAD-example, and shows 4 parameters
on the Element pane that have been selected for use

OASIS | @perey - TREReE | Tutorial
Element I Fringe Field | Geometty  €— Tocaton
o Quadrupole Strength ! Quadrupole Coefficient j\
Parameters Value Units Guidance Limits \
SfEffecﬁve Lenagth I 0.077000 m :j 0100 01286 @ w
g Wagnetic Field at Pole Tip | 20600000 kG _v_] -4 2700 42700 \
= Aperture Radius 0016000 4 £0.0090 L5000 &
=l ) I = Im = .
5! Magnetie-Field Gradient I T [katem 7] oo 42700
p = Quadrupole Coefficient K1 l \a6.7za4gz | Mm2 ZDEB4IE D045 B :[
o = Rotation (Roll} Angle l 0.000000 legrees :-j -180.0000 1200000 &
<) Thin Lens Focal Length I 0.082511 !m __v_j 0.0369 INF
Comments:
l ¥SIF_guad <

Figure 24. Quadrupole Piece window for the DIMAD-
sample OModule with selected features identified.

The selection of individual Quadrupole Piece
parameters for use in an OModule follows the same
procedure as described for the Drift Piece. For a
guadrupole there are more parameters to be selected
Some of the parameters may appear on the Fringe
Field, Geometry or Location tab panels, in addition
those on the Element tab panel illustrated in Fadi4t.
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B

Quad

The Quad Piece has multiple
tab panels, each of which
provides parameters that can
be wused to describe a
magnetic quadrupole lens.

OASIS Syntax Button

Tabs for Panels with Additional
Piece Parameters

Parameter Group Switch for
Selecting Different Parameter
Sets

Four Parameters Selected for
Use in the OModule,
Designated by Green Dots
and Red S Buttons

Comment (or Label) Input
Field

The Quad Piece example is
used to illustrate creating the
element syntax of the Main
Input File for several
computation engines.



Quadrupole Coefficient j

Field & Aperture
Field Gradient

Quadrupole Strength
Parameter-Group Switch

Parameter-group switches are
used to select between
different sets of dependent
parameters for a PBO Lab
Piece. Parameter-group
switches can be used to define
different alphanumeric strings
for each switch setting. The
different strings will be written
to the Main Input File,
depending upon the OModule
user's switch selection. In
addition, parameter-group
switches can be used to define
a different syntax for each
switch setting. An entire group
of parameters can be utilized
within each syntax
specification. This is
described later and s
illustrated for the Beam Piece.

A logical-parameter switch is
similar to a parameter-group
switch and can also be used to
define alphanumeric strings for
Piece syntax. An example of
the use of a logical-group
switch is described later in this
guadrupole section.
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The example in Figure 24 indicates that four (4)
parameters have been selected on the Element tab
panel for use by the OModule: the Effective Length,
Aperture Radius, Quadrupole Coefficient K1, and
Rotation (Roll) Angle. These four parameters have
red “S’ appearing on their corresponding Special
Parameter Selection buttons.

The Quad Piece window (Figure 24) contains a
parameter-group switch (Quadrupole Strength) on the
Element tab. This switch has been set to the
Quadrupole Coefficient option in order to select the
Quadrupole Coefficient K1 parameter for use in the
OModule. Note also that there is an "S" buttonht®

left of the Quadrupole Strength parameter-group
switch, indicating that the switch setting can Bediby
the OModule. For the example shown in Figure 24 th
button is not red, indicating that the switch is oeed

for the particular OModule used for the illustratio
(DIMAD-example). An example of the use of a
parameter-group switch will be described later tfo
Beam Piece. Another type of switch, referred t@mas
logical-parameter switch, also appears in certain
windows. An example of the use of a logical-
parameter switch will be described later in thisaQu
Piece discussion.

The syntax and format for writing Quadrupole Piece
data to the Lattice Section of the Main Input Fie
specified following procedures similar to those
described for the Header Section and for the Drift
Piece. The OASIS syntax button (Figure 24) is used
open the window. Figure 25 illustrates the Syntax
Window used to define the quadrupole text linetha
DIMAD-sample OModule example. Note that the
Update button has been used so that the syntax
evaluation field (lower pane of the Input Syntax
window) displays the OASIS parser results for the
syntax evaluation for this (OASIS) Quadrupole Piece
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Element, Global &

Variable | Parameter Name | Units | Scale | Expression | .
abani Effective Length m | 1.00000 Defined Parameters
Sequence : (Variables) for Defining
QuADT3 Aperture Radius om 1.00000 SEQUENCE+H :
Sequence—\% SyntaX
GLOBALST Beam Energy pGevie) | 1.00000
— Type Code . .
GLOBALSST e Wz | 100000 [ . Runtime Variables for
v \ Defining Syntax
— Syntax for Quad — ¥ Independent of Quadrupole Strength Switch  [fuadrupol Cosficent
‘Comment : TypeCode, L=QUADTT, KI=QUADIZ, APER="QUADTZ’ TILT=QUADT1E’ ] Element Type Code

™~ Parameter-Group Switch
(Ignored for this Syntax)

[XEF_OUAD - QUAD, L=7TODUODE-D0Z, K1=1 467285E200Z, APER= &
1.000000E000, TILT=0.000000E=000 :

\
T~

g

= T~ Element Syntax Input
Field

™

/

L Element Syntax

-

Evaluation Field

e
Sl | |

G |

I Ey

1 1t ) |

s | seer] _toe] cos| _sM | _TAN | il | Hmathz]

Update Button to
~ Evaluate and Register

Figure 25. Input Syntax for Quadrupole window

for the DIMAD-sample OModule.

Syntax for this Element

Remember that the Update
button in the lower right of the
Input Syntax window also

The OASIS parser for the Quadrupole Piece syntax operates like an “accept’
illustrated in Figure 25 utilizes additional forrag
information that is not specified in the Input Syt
window. The scientific format for the real numbéss
governed by the OASIS Options. The OASIS Options
window contains a Numerical Formatting tab for
specifying this type of formatting information amsl
described in Section 7.
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button. Selecting the button
will register and store the Input
Syntax, as well as display the
result (for the particular
parameter values of the
OASIS Piece) in the syntax
evaluation box in the lower
part of the Input Syntax
window. If no text appears in
the syntax evaluation box, the
syntax specification will not be
saved.




Manual
Section

OASIS Madule Specfication
odule e ffication

2 Module 170 File Specii
Global Parameters (Header)
Command Specification

4 -Special Parameter Settings {(SPS) »
Tiatroe Special Settings
Lines and Sublines Speciication
Param Piece Specification
Optics Piece Specification
Aligz Piece Specfication

4 Undefined Pieces Specification
Untitted Options Specification
Final {Footer) Section
Optimizer Storage Parameters

5 Data Interchange {SPS)
Optimizer Simulation Options
Wite Full Input File and View
Wiite Header {Globals) and View

6 Wite: Lattice {Pieces) and View
Winte: Footer and Wiew

6 Ruri input File
List Windaws 3

7/v OASIS Options

The OASIS Options provide
additional formatting capability
for specifying the text lines of
the Main Input File.  The
maximum number of
characters per line (e.g. 68),
the character to be used to
signify line continuation (e.g.
&), and similar formatting items
are provided on the Input File
Options tab of the OASIS
Options window. These are
discussed in Section 7.

OASIS User Manual

The OASIS Options window also provides an Input
File Options tab to support additional formatting
capability. This was used to specify that the mmaxn
number of characters be limited to 68 for any one |

of the Main Input File for the DIMAD-sample
OModule. The ampersand (&) character was also
specified there to be used as a line continuation
character whenever the 68 character line limit is
encountered. This condition was encountered fer th
Quadrupole Piece syntax illustrated in Figure 28e T
result is that 2 lines appear in the syntax evalnat
field, linked together with the ampersand (&)
character.

Line continuation character specification, numdrica
formatting, and other OASIS Options are discussed i
Section 7.

The next several pages describe the use of a legica
parameter switch. The Quad Piece has two logical-
parameter switches on the Fringe Field tab of the
Quadrupole Piece window. The discussion shiftsyawa
from the DIMAD-sample example and describes the
use of a quadrupole logical-parameter switch in the
context of a version of TRANSPORT that has been
developed at the Paul Scherrer Institute (PSl).e Th
underlying computation engine is referred to as-PSI
TRANSPORT and the associated OASIS Module as
the PSI-TRANSPORT OModule. PSI-TRANSPORT
uses the "old" style TRANSPORT positional notation
for the input file. Figure 22(c) gave an examdi&aw

the Drift Piece syntax is specified for the "oldYyle
TRANSPORT positional notation.
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Example for Logical-Parameter Switch

Logical-parameter switches are popup controls that
offer different text descriptions for various ways
which the parameters in the window may be used. |Hard Edge Fringe Field =
H _ i i - Mo Fringe Fied
Unjlke parameter-group swﬂchles, qulcal parqmeter e Cite Fone fet
switches do not alter the user's ability to ediy an  |Linear Ramp Fringe Fieki
: : H Cubic Ramp Fringe Fiekd
parameter value. Logical-parameter switches simply |c_..% e Fie
offer a convenient way to select different methms ) .

. o . .. Quadrupole Fringe Field
using parameters, ut|_I|Z|ng an intuitive word Logical--Parameter Switch
description of the choices available. Figure 26
illustrates a Piece Window tab panel that contaves
logical-parameter switches.

2 Logical Parameter Switches:
One ("Entrance Fringe Field")

P2 Quadrupole Is Selected for Use in the
0ASiE | Energy | Distance | Tutorial A OModule, as Designated by
Element | FringeFieli | Geometry 1 p}ﬁ/ the Green Dot e and Red S
Parameters Value Units ‘/Gﬁﬁg;h.e Limits Button
=/ Entrance Frings Fisd [Rard Edge Frings Fiea ;i/ a The Other ("Exit Fringe Field")
5 Ext Fringe Field [Hard Edge Fringe Field =] is Not Selected for Use (No
5| Entr, Fringe Ramp Length Ig_ggg[}gg Im = 0.0000 05000 @ - Green e or Red S)_
5Entr Gradient Integral i1 lg_gggggg -1.00e-085 1.00s-005 @ )
S_;Entr.. Gradient Integral [2 l 0.000000 -1.00e-005 1.00e-005 & Four Numerlcal Parameters
Igzifntr.GrﬁdienﬂntegraJB lg_gcgggc i ~1.008-005 1.008-005 @ :[ Selected for Use in the
! Entr. Gradient Integral 14 lg_gggggg 1006005 1.005-005 OMOdUIe as Designated by
| Exit Fringe Ramp Length ) - 0.0000 0.5000 ’
e DN =l the Green Dots » and Red S
<! Exit Gradient Integral 1 0.000000 -1.00e-005 1.00s-005 Buttons
Sffxi‘t Gradientintegral 2 I 0.000000 =1.00e-005 1.00e-005 u
51 Exit Gradient Integral I3 I 0.000000 <1.00-005 1.002-005 . )
= Exit Gradient Intsgral |4 Ty — -1.00e-005 1002005 Log ICaI-parameter switches

. . ] can be used to define different
Figure 26. Fringe Field tab panel of the Quadrepol aphanumeric strings for each

Piece window with two logical-parameter switches. switch setting.
: : . The PSI-TRANSPORT code
Logical-parameter switches can be selected foriuse supports soft-edge quadrupole
an OModuIe by choosing the Special Parameter modeiing through 2™ order.
Selection ('S") button that appears to the lefitlof This involves the use of the
parameter name. Figure 26 illustrates two exampfles  9radient integrals 11, 12 and I3.
logical-parameter switches, named Entrance Fringe Fo" @ hard-edge quadrupole
. . . . . . these integrals are all zero. A
F!eld and Exit Fringe Field, appearing on _the FEINg  ps|.TRANSPORT  OModule
Field tab panel of the Quadrupole Piece window. The has been developed that
Entrance Fringe Field has already been selectedsfor  illustrates how to support this

in the OModule, while the Exit Fringe Field has.not fringe field modeling capability.

45



The PSI-TRANSPORT code
models soft-edge quadrupoles
through the use of the gradient
integrals 11, 12 and 3. For
hard-edge quadrupoles these
integrals are zero. A logical-
parameter switch will be used
to distinguish these cases.

Logical-Parameter Name _ _
T T ) EntanceFringefield

OASIS User Manual

The “S” button to the left of each logical-paranmete
switch opens a Special Parameter Settings (SPS)
window that is different from the SPS window used f
numerical Piece Parameters (see Figure 19). Tige SP
window for the first logical-parameter switch (Earice
Fringe Field) of Figure 26 is illustrated in Figl'@.

Symbolic Parameter Name: [ switeh_ouap1z2
»

Symbolic Parameter Name

OModule Parameter Selection
Check Box

Option (if unchecked) to Define
Different Syntax for a Group-
Parameter Switch Setting

List of Logical-Parameter
Switch Selections Available

Syntax String Input Field for
Highlighted Switch Selection

Button to Accept String
Highlighted Switch Selection

Different strings will be written
to the Main Input File,
depending upon the OModule
user's switch selection,
according to the alphanumeric
string assigned to each switch
position.  The alphanumeric
string is substituted whenever
the logical-parameter switch
name is encountered in the
Piece Syntax.

QASIS

[V Use Entrance Fringe Field

I_\(_ Independent of Quadrupole Strength Switch I-:'s: Ebperture .LI

| Inod Selection | Syntax String | ill
0 [No Fringe Fiekd |

] 3

Bracketed math exprezsions with single quoted varg ce-writv Evaluated at run time,

—

Figure 27. Example of a Special Parameter Settings
(SPS) window for a logical-parameter switch.

The Entrance Fringe Field logical parameter iscete

for use as an OModule parameter by checking the
OModule parameter selection check box “Use Entrance
Fringe Field.” A (default) Symbolic Parameter Name
will then automatically appear in the text box het
upper part of the window. Figure 27 shows an
example where the Entrance Fringe Field has been
selected for use as an OModule parameter, and the
Symbolic Parameter Name “Switch_ QUAD122” has
been assigned.
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A list table appears in the bottom part of the SPS
Window for a logical-parameter switch with entries
each selection available for the switch. For each
available selection, the list table provides thaeby the
Selection, and the Syntax String for the selection.
There are five selections available for the Enteanc
Fringe Field switch illustrated in Figure 27: Naorfge
Field, Hard Edge Fringe Field, Linear Ramp Fringe
Field, Cubic Ramp Fringe Field, and General Fringe
Field, with indices O through 4, respectively. The
Syntax String fields in the list table are inityampty
(blank). For the example shown in Figure 27, at&yn
String of 0, 0, 1 and 2 has been assigned to tise fi
four entries in the table.

Clicking on a list table entry highlights that entr
causing a cross-hatch pattern to appear in the tabl
that entry. An alphanumeric string may then bestlyp
into the Syntax String input field at the bottomtbé
window. For the example of Figure 27, the lagtyen
in the list table (General Fringe Field) has been

A logical-parameter switch can
also use Variables, or
algebraic  expressions  of
Variables, in the Syntax String
that will be evaluated at
runtime. To use Variables in
the Syntax String the Variables
must appear inside single
quotes (e.g. ‘Globalsl’) and

selected, and the number 3 has been typed into thethe Variables or algebraic

Syntax String input field. This Syntax String is
recorded when the “Accept” button in the lower left
part of the window is pushed. The number 3 would
then appear in the Syntax String list table for the
General Fringe Field switch Selection.

Logical-parameter switches can be used in defithieg
syntax for a Piece in a manner similar to that used

numerical parameters. The Symbolic Parameter Name

for the switch (Switch_ QUAD122 in Figure 27) is
entered into the element syntax input field for Fhece
(see Figure 25) using single quotes, the sameraalfo
other Variables (e.gSwitch_QUAD122’). At run time,
the OASIS parser will evaluate the logical-paramete
switch Variable to the appropriate alphanumerimgtr

a7

expressions must also be
enclosed with one pair of
OASIS math brackets (e.g.
{...}). For example, to just use
the Variable QUAD11, the
following should be entered
into the Syntax String input
field for the desired switch
Selection:
{{QUAD11%}



Run-time Vars provide access
to dynamic runtime variables

useful

for defining various

OModules. The Run-time Vars

include:

TypeCode
Comment
ModelName
ModuleName
ICOM
Include

If

IfNot

Endif

Date
Date-Time
Version

The Quad Piece of the PSI-
TRANSPORT OModule uses 5
of these Run-time Vars in the
Quad syntax:

TypeCode
Comment
ICOM
IfNot
Endif

OASIS User Manual

|f-Endlf and IfNot-Endl f
Runtime Variables

The use of a logical-parameter switch in the syfbax
a Piece will be illustrated in conjunction with thee of
two runtime variables: IfNot and Endlf. OASIS
includes three Run-time Vars (If, IfNot, EndIf) thaan
be used to construct logical expression similarato
Boolean "IF" statement in Fortran or C. The Rinmet
Vars are always used in pairs: If and EndIf, dtoif
and EndIf. The format for using either of these9es
as follows:

‘I’ ‘'SymbolicParameterName’ AlphanumericText ‘EndIf’

The OASIS parser will examine the Variable
SymbolicParameterName in the above structure. If the
Variable is non-zero ("true") th&lphanumericText will

be written at the location of this structure. TiaedIf
indicates to the OASIS parser that fighanumericText
string has ended. If theSymbolicParameterName
Variable evaluates to zero ("false") in the above
structure, then nothing will be written.

‘IfNot” may replaceif’ in the above format. In that case
the logic is reversed. If the Variable
SymbolicParameterName iS non-zero (“true") nothing
will be written. If the SymbolicParameterName
Variable evaluates to zero ("false") in the above
structure, then thalphanumericText will be written at
the location of this structure.

Note that thef (or IfNot), SymbolicParameterName, and
EndIif must be in single quotes (the OASIS "rule" for
Variables and Run-time Vars). A (or IfNot) must
always be accompanied by aBndif after the
‘SymbolicParameterName' andAlphanumericText entries.
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Figure 28 illustrates an example of a Input Syritax
Quad window for a version of TRANSPORT

developed at the Paul Scherrer Institute (PSI) that

incorporates quadrupole fringe fields throughdtder.
The OModule created for that version of
TRANSPORT is named PSI-TRANSPORT. The PSI-
TRANSPORT computation engine utilizes the "old"
style TRANSPORT positional notation in the Main
Input File. Figure 22(c) illustrated the Input S for
Drift Space for this computation engine.

L ——— —— (]

The "old" style TRANSPORT
positional notation, utilized by
the PSI-TRANSPORT code,
uses a minus sign ("-") in front
of a type code to turn that
element "off." This is used in a
PSI-TRANSPORT OModule, in
conjunction with a logical-
parameter switch and the
IfNot-EndIf logic structure, to
turn the fringe fields either "on"
or "off."

Variable |
QUADTT

ParameterName | Unts |
Effective Length m

QuADs | Aperureraaus | o | om0 |
OUAD1Z3 En{i’aﬂoannge-RémpLength 1 DO

Expreszion

£
- ICOM

Include
If
Iftiot

[~ Syntax for Quad ¥ Independent of Quadrupole Strength Switch |F;e;c &AL

= _:J

— — Run-time Wars —

-

TypeCode’ "QUADT1" "QUADMZ "QUADTZE TCOM Comment™COR’ " i
IfNot"Switch_QUAD1ZZ-"EndIf16. 25, "QUAD124" ICOM 11 ICON' ;
Iftot"Switch_QUAD1Z2-EndIf18. 25. "QUADMZS" ICOM 2 1CON" |
'IfNTGt“S\'."rtch_QUAD122'—'En$f’15. 25, 'QUAD126" TCOK 13 ICOM" |

=1 E3

First Line of Syntax for

| Quad Specifies the Main
(1* Order) Format for
PSI-TRANSPORT

Three Lines of Syntax for
Quad Specify the Fringe
Field (2™ Order) Format
for PSI-TRANSPORT

=T The 'lfNot' and 'EndIf'

50 0077000 3000000 1.000000 /PSIQUAD]
16, 25, 0.100000 /1
-16. 25.-0.002000 {12/ ;
16,25 0.030000 /137 ;

C

<

Runtime Variables are
Used to Turn the Fringe
Field Lines "On" or "Off"
According to the Logical-
Parameter Switch Setting

— Operators - - - - S
22 | [ = I T e e [y I |

= | SEIRTI LOG'I CGS" SN | TAN I l | jmathii

n3i

for Entrance Fringe Field
thru the Variable:
'Switch_QUAD122'

Figure 28. Input Syntax for Quadrupole window
for the PSI-TRANSPORT OModule.

The Syntax for Quad input field contains one lioe f
the basic quadrupole parameters that will evaltate
the "old" style positional notation of TRANSPORT.
This is followed by three lines which utilize IfNot
EndIf structures, all of the form:

‘IfNot’ ‘Switch_QUAD122’ - ‘EndIf’
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The Update button in the lower
right of the Input Syntax
window registers and stores
the Input Syntax, as well as
displaying the syntax
evaluation result for the current
parameter values of the Piece.



Hard Edge Fringe Fisld j

Mo Fringe Fisld

:Hard Edge Fringe Field
Linear Ramp Fringe Fiekd
Cubic Ramp Fringe Fiekd
General Fringe Field

"Hard Edge Fringe Field" is the
Default Setting for the
Entrance Fringe Field

Logical--Parameter

A PSI-TRANSPORT OModule
is described that supports the
modeling of soft-edge quad
fringe fields. In this simple
example, the soft-edge fringe
fields are either "on" or "off" for
a particular quad, depending
upon the OModule user's
setting for the Entrance Fringe
Field switch on each quad.

Figure 29. Input SyntaxX

for Quadrupole windo

for PSI TRANSPORT - Syntax for Quad !_'lndependentDfQuadrupuleStrengthSWrtch
OModule for the case
where General Fringe

Field is selected.
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The minus sign (-) that appears after the IfNot
conditional Variable gwitch_QUAD122) will either be
ignored, or written in line, depending on whether
‘Switch_QUAD122’ evaluates to a non-zero (true) or
zero (false) value, respectively. The remaindethef
syntax, after the EndIf entry, will evaluate to teme
results, independent of th&wvitch_QUAD122’ value.

The Update button is used to see how the syntax wil
evaluate for the current parameters of the QuadePie
For the example of Figure 28, the logical-parameter
switch named Entrance Fringe Field is set to the
default value (Hard Edge Fringe Field). As illaséd

in Figure 27, the Syntax String "0" has been asign
to the Symbolic Parameteswyitch_QUAD122) for this
switch setting. Hence the Variablwitch_QUAD122’

will evaluate to O (false). The IfNot-EndIf struce
then puts a minus sign (-) at the start of eaclhef
three lines specifying the fringe field parametérs
this Quad. The minus (-) instructs PSI-TRANSPORT
to ignore those lines, i.e. the fringe fields aoéf."
Figure 29 illustrates an example with fringe fields."

BB nput Syniax for Quadnupole E=

5 — Run-time Vars —
variable | Parameter Name | unts | Scae | Expression f] —

Include

TypeCode’ "QUADT1" "QUADMZ "QUADTZE TCOM Comment™COR’
IfNot"Switch_QUAD1Z22-"EndIf18. 25, "QUAD124" ICOM 11 CON' ;
Iftot"Switch_QUAD1Z2-EndIf18. 25. "QUADMZS" ICOM 2 1CON" |
Ifhot"Switch_QUADT2Z-EndIf16. 25, "QUAD1T2E" TCOM 13 1CON" |

I

5.0 0077000 3000000 1.000000 /PSIQUAD!
16, 25 0100000 /1 J ;
16. 25.-0.002000 /12 ;
16. 25 0.030000 /137 ;

C

<

= Operators -

2 | e e = e = = 2 8

s | sert| toc] _cos| _sm | _TAN | e | Amathi]
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Quadrupole Examples for Different
Computation Engines

Figure 30 shows some Input Syntax for Quadrupole
windows with syntax developed for three (3) diffgre
computation engines. From top to bottom these
computation engines are: (a) PARMILA-1, (b)
PARMILA-2 and (c) TRACE 3-D. PARMILA-1
corresponds to the version of PARMILA that was in
common use prior to ~1998. PARMILA-2 corresponds
to the version that has been in prominent use ghete
time. One difference between these PARMILA
versions is how transport elements (e.g. quadrspole
are described in their respective input files. The
PARMILA-1 and TRACE 3-D Input Syntax for
Quadrupole use the Run-time Vagequence'. The
‘Sequence’ runtime variable is discussed further below.

The PARMILA-2 Input Syntax for Quadrupole
consists of the three lines. The first and thingd of
the syntax utilize IfNot-EndIf structures, simildo
those discussed in the preceding section for imotud
(or excluding) the % order quadrupole fringe integrals
for the PSI-TRANSPORT computation engine. For
PARMILA-2 the IfNot-EndIf structures are used to
turn "off" and "on" the Rotation (Roll) Angle fohe
Quadrupole. The Rotation (Roll) Angle input is
implemented by using a particular version of the
PARMILA-2 "Displace" line. The IfNot-EndIf
structures turn the corresponding Displace lines &
"off." In Figure 30(b) the Rotation (Roll) Angles i
turned "off." It should be noted that the "off"nrent

be accomplished by simply using Displace lines with
an effective Rotation (Roll) Angle of zero (0.0).
PARMILA-2 interprets such lines as a skew quad (45
degree Roll). Note also that the "ignore" chanafde
PARMILA-2 is the semicolon (;) rather than the nsnu
sign (-) used for PSI-TRANSPORT.
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The Quad Piece is used here
to illustrate the element syntax
for a quadrupole for several
different computation engines.
The OASIS parser interprets
the syntax and will write the
results of the evaluation to the
corresponding Main Input File.

Remember that the Update
button in the lower right of the
Input Syntax window also
operates like an “accept”
button.  Selecting the button
will register and store the Input
Syntax, as well as display the
OASIS parser evaluation result
for the particular parameter
values of the OASIS Piece.
Once the syntax has been
saved, using the Update
button, it is not necessary to
repeat this if the Input Syntax
window is opened simply for
viewing. However, if the
syntax specification is
changed, the Update button
must be used again in order to
save the changes.



% Input Syntax for Quadnupole
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Variable |  Paramctertame | Unts | Scale | Expression
Quads Effective Length m | “1o0.00000
Quad? Magnetic-Field Gradient Glem -1.00000
. GLOBALS3 Particle Mass eV D007
—TypeCode
GLOBALSE3 Frequency MHz: -1.00000 B
Ed
— Syntax for Quad v, Independent of Quadr. pole Strength Switch  [Field Gradient j
trans1 ‘Sequence’ TypeCods' 'Quad?T ‘QuadS ‘Quads' 0.0000 H
trans1 1 3 3000.000000 7.700000 1.000000 0.0000 ]:1]
B2 Input Syniax for Quadnupole [ o] =]
— S = - — Run-time Vars—
Variable | Parameter Name | unts | Scae | Expression [ f’ e :
Quads ‘Effective Length m | 100.00000 : t‘j‘.lql:"ngmente *I
Sequence :'
Quad? Magnetic-Field Gradient Glem 1.00000 Sequence++
- Sequence— :]
_D'Zrmm =  GLOBALS30 Particle Charge none 1,00000
E | — Type Code
* | sorT] GLOBALS32 ‘Beam Engray MeV 1.00000 [ovas |
- | =
 Syntax for Quad ¥ Independent of Quadrupole Strength Switch  [Fei Gradient =l
(a) IMot"QUAD255 EndifDizplace 0.0 0.0 'OutputFlag’ 0.0 0.0 ‘QUAD2SS E!
TypeCode' 'Quady 'Cuadd 'OutputFlag’ 'Quad?™ 0 ; Comment: "Comment -
ot QUADZSS EndIifDizplace 0.0 0.0 'OutputFlag’ 0.0 0.0 {'OUAD2Z55% ~|
Dizplace 0.0 0.8 0 0.0 0.0 G.060000 ) -
Quad 7.700000 1.000000 0 3000.000000 0 ; Comment: PARMILAZ
-Displace 0.0 0.0 0 0.0 0.0 0.000000
[ —— S ——
Variable | Paramster Name | unts | =scae | Expression
Quadi ‘Effective Length mm | 1.00000
- Operators. ; Quad3 Aperture Radius m 1.00000  |Quagtis.o
i | |
« | _seer| Globalss Particle Charge tel 1.00000
L = = ~Type Code———|
GlobalsT ‘Beam Ensrgy MeV 1.00000 [z
-

~ Syntax for Quad v independent of Quadrupole Strength Sch

cmi('Sequence’)="COM"CommentCON’, nt("Seguence’j= TypeCode', a1, 'Sequence’}=

‘Quad28’, ‘Cuad?’, 0.00000000, 0.00000000, *
000000000 -

[Emii1="GUAL, ni(1}= 3,a(1,17= 3.000000E-U0T, 7.700000E+00T, 0.00000000, 0.0000000, 000000000

=y
o] ) I =t e T e (e | I |

s« | sort| ‘tog| [ cos| _sm | _Tan | ] | _L__nwﬂlu

(€)

Figure 30. Input Syntax for Quadrupole windows tfnee (3) different computation
engines: (a) PARMILA-1, (b) PARMILA-2 and (c) TRALC3-D.
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Sequence Runtime Variable

The PARMILA-1 and TRACE 3-D examples shown in
Figure 30 use the runtime variablgequence'.
PARMILA-1 and TRACE 3-D computation engines
are examples of codes that utilize a sequenti@xnadr
counter, that defines the order in which the transp
elements are to be utilized. The OAS$8quence
runtime variable can be wused for that counter.
Sequence provides a counter that starts from 1 at the
first “physical” Piece on the beamline and incretsen
by 1 for each subsequent “physical” Piece. A ptaisi
Piece is any Piece that represents a physical beaml
element, such as a drift or a quadrupole, or aegePi

All physical Pieces appearing
in the beamline on the Model
Space Pane of a PBO Lab
Document Window (Figure 2)
will increment the Sequence
runtime variable for that
beamline model. Nearly all
PBO-Lab and OASIS Pieces
are physical Pieces. The
notable exceptions are the
Beam, Marker, and Final
Pieces. In addition, certain
code-specific Pieces such as
the MARYLIE Map Operations,
Map Analysis, and Map Math

that presents a psuedo-physical element that canpieces, are not physical

modify certain computed beam characteristics, ssch
coordinate rotation or matrix element Pieces.

Pieces for the purpose of the

The Sequence runtime variable.

majority of the PBO Lab Pieces are physical Pieces. \j,nual
Figure 31 summarizes the PBO Lab physical Pieces section

that will increment theSequence runtime variable.
Figure 31 also shows the *“unphysical” PBO-Lab
Pieces that do NOT increment tBequence runtime

variable.

The OASIS Module Builder can be used to define new
PBO Lab Pieces for a given computation engine.s Thi
Is discussed in Section 4 of the user manual. réigad
shows the physical and unphysical OASIS Piece types
that can be used for defining new PBO Lab Pieces.
increment the
Sequence runtime variable, while unphysical OASIS

Physical OASIS Piece types will

Piece types will not.

There are additional sequencing Run-time Vars
available for use in an OASIS Module. These inelud
Sequence++, Sequence-- and Max Sequence. Each of

these is described next.
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OASIS Module Spectication

2 Module /0 File Specification
Global Parameters (Header)
Command Specification
4 -Special Parameter Settings {(SPS) »
Tiatroe Special Settings
Lines and Sublines Specification
/V Param Piece Specification

/' Optics Piece Specification
Aligz Piece Specfication
Undefined Pieces Specification
Untitted Options Specification
Final {Footer) Section

Optimizer Storage Parameters

5 Data Interchange {SPS)
Optimizer Simulation Options
Wite Full Input File and View
Wiite Header {Globals) and View
6 Wite: Lattice {Pieces) and View
Wilnte Footer and View
Run input File
6 inp
List Windaws 3
7 OASIS Options

The OASIS Module Builder
can be used to define new
PBO Lab Pieces for a given
computation engine OModule.
Examples are discussed in
Section 4 of this user manual.
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— = ==2.0
Drift Quad Sabeoid Edge Lens FParam
Drift Quadrupole Solenoid Sector Bend Rect. Bend Bend Edge Lens  Parameters
L 5 2
ARME Rt Kicker Saxt, Dct. [ Tank Septum
Centroid RMS Beam Rotate Kicker ~ Sextupole Octupole PlasmalLens Accelerator Septum
m [ ] [ ]
¥ B B @ = a
RF Gap Matrix Map Eta Rperture RFO, RFcau
RF Gap Matrix Map Dispersion  Aperture  Doublet Triplet RFQ Cell  RF Cavity
IE B | wy v | —
m @ 1] l £.8 ] = L
Tank FFO EinzeIZ: n“-[ubg. ESOFF | ESHE | TWCE |

CCL Tank PMQuad Einzell Einzel 2 DC Column Deflector ESQuadF ES QuadH CG T-Wave

m s e .
o i | i Physical
CZ T-Wave Wiggler Special Params. TL CCL Pieces
A o 2 2 2 Unphysical
Marker i Aligr Coperator Arahyze | am | PI ec%
Beam Marker Final Align  Map Operator Map Analyze Map Math

Figure 31. PBO Lab physical and pseudo-physicaddd (top) and unphysical
Pieces (bottom). The OASIS parser increments ‘HSaguence’ runtime
variable for physical Pieces only. Th&equence’ runtime variable is not
incremented for unphysical Pieces.

'D' PhyS| cal
Fisca Pieces
Optics
Unphysical
e Pieces
Commands

Figure 32. Physical (top) and unphysical Piecedtdm) OASIS Piece types
that can define new PBO Lab Pieces using the OA&I&ule Builder.
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The Sequence++ runtime variable increments the
sequence counter
‘Sequence++ variable appears in the syntax of any

Piece. Sequence++ can be useful when a single PBO-

by adding one, each time a

element (requiring a unique sequence number) for a

particular computation engine. Figure 33 illustsaan
example how one could use thgequence and
Sequence++ runtime variables, in combination, to
incorporate the Rotation (Roll) Angle in the Quad
Piece for TRACE 3-D.

E8 Input Syntax for Quadrupole =]
i - - — Run-time Vars |
Variable | Parameter Name | unts | scae | Expression f]

FEquence
Sequences+
Sequence—

i Run-time Wars -
Comment :l
s Sequence _J

/'Sequenmﬂ
Lab Piece represents more than one basic optics —F

Sequence— :
Max Sequence ;I

There are four Run-time Vars
available for sequencing the
PBO Lab and OASIS Physical
Pieces in a PBO Lab Model.

TypeCode E
Commen 1

cmi{'Sequence’}="CONRol_QuadiCON', nt(Sequence’}=15, a1, 'Sequence’)="QUADSY, 1. 0, 0. L . 0.000000
cmt(Sequencez+"=1COM " Comment®COM', nt('Sequence’}= TypeCode’, a1 'Sequence’}= 'Quad2d’ 'Quad?l’, 0.00000000, 0.0000C000
o |

cmif'Sequence+'="COMRoll_Quad'COM', nti'Sequence’}=15, a(1, Ssquence’}={-QUADES?, 1.00000000, 0.00000000, 0.00000000,
0.00000000 e

cmt1)=Roll_Quad’, nt(1)=15, al T+ 2001, 1. . 0.00000000, 0. ST
(2= QUADY, nt{2)= 3, a(1,2)= 3.000 1, 7.700000E:001, 0.00000000, 0.00000000, 0.00000000
cmt{3)=Roll_Quad’, nt(3)=15, a(1,3}=-4 500000E+00T . D B e

|~ Operators -
g i g i

4 | saemt|

T e e e T

toe | cosi

Ay

sy | Tan | |

Figure 33. Input Syntax for Quadrupole window
using Sequence and Sequence++ runtime
variables for a TRACE 3-D OModule.

The example illustrated in Figure 33 effectivelgdks

the quadrupole data into three separate elements: a

initial coordinate rotation, the quadrupole itsedfd
final coordinate rotation opposite in sign to thetf
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Run-time

First Line of Syntax for
Quad Specifies the Roll
Angle Format for TRACE
3-D. The 'Sequence’
Runtime Variable is Used
in 3 Locations in the Line.

Second Line of Syntax for
Quad Specifies the
Quadrupole for TRACE 3-
D. The 'Sequence++'
Runtime Variable is Used
Once and 'Sequence' is
Used Later in the Line Two
Times.

Third Line of Syntax for
Quad Specifies the Minus
Roll Angle Format for
TRACE 3-D. The
'‘Sequence++' Runtime
Variable is Used Once and
'Sequence’ is Used Later
in the Line Two Times.

Vars such as

Sequence++ (or Sequence--)
when used in a Piece Syntax
string serve to increment (or

decrement)

the internal

sequence count of physical
Pieces.



During  execution of an
OModule, the OASIS parser
operating on the Run-time
Vars such as Sequence,
Sequence++, will output the
sequence value for each
physical Piece in the beamline
on the Model Space of the
PBO Lab Document Window
(Figure 2). However, within an
OASIS Module Specification
Document (Figure 5) the
sequence index is initialized to
unity (1) for each OASIS
Piece. Consequently, within
the context of a single OASIS
Piece the first 'Sequence'
variable of the Piece syntax
will evaluate to 1 and each
subsequent entry of
'Sequence++'  will increment
the sequence counter.

The TRACE 3-D example used
here to illustrate the use of the
Run-time Vars Sequence &
Sequence++ to implement the
Rotation (Roll) Angle for quad
would be appropriate for older
versions of TRACE 3-D before
1996. An enhanced version of
TRACE 3-D was introduced in
1996 that includes the roll
angle as an input directly on
the quad syntax line.
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The Sequence runtime variable is used in the first line
which begins the element indexing for the quadrepol
syntax illustrated in Figure 33. Note th&tquence' is
used three times in the first line. The first line
implements an axial TRACE 3-D coordinate rotation
through the Rotation (Roll) Angle. The seconcelin
utilizes the'Sequence++' runtime variable for the first
instance where the element index needs to be
incremented. However, the next two occurrences for
this line utilize'Sequence’. The index has already been
incremented by thé&equence++' entry, so subsequent
entries on that line that need the same index vatae
implemented with'Sequence’' alone. The second line
provides the basic TRACE 3-D quadrupole parameters
(Field Gradient, Effective Length). The third liré

the syntax illustrated in Figure 33 follows a simil
sequencing pattern to that utilized in the second: |
the 'Sequence++' runtime variable is used initially,
followed by two uses ofSequence’. The syntax
evaluation field (activated via Update button) shaw
Figure 33 illustrates results for a 45 degree qodd

The type of multiple element implementation
illustrated in Figure 33 is referred to as a co u
element for the particular computation engine (e.g.
TRACE 3-D) under consideration. PBO Lab Pieces
contain more data than any one computation engine
generally uses - indeed the PBO Lab object model fo
each Piece represents a superset of all the datendy

be associated with the underlying optical elemerd.(
guadrupole). The OASIS sequencing runtime vargble
provide one method of utilizing the full power dfet
PBO Lab object model for computation engines that
require the data to be separated into distinciexad,
elements in their Main Input File.

The 'Sequence--' runtime variable decrements the

counter, while'Max Sequence' provides the highest
(last) value for the counter in a PBO Lab Model.
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Other Components

Bieam

Beam Piece

The PBO Lab Beam Piece provides two different sets Each Beam Piece in PBO Lab
of 6-D phase space specification parameters, dsawe|  Stores two (Z)tf]epafatse b?iméi
- . - g one n e emi-AXIS
seve_ral othe'r par_ameters associated with 'centr0|d oarameter representation and
location, particle distribution type, etc. Selagtithe the other in the Courant-
necessary beam parameters and defining the Synder (Twiss) parameter
appropriate beam syntax is somewhat different fban representation.  These two
H H H sets of parameters are
optics components such as the Drift Piece and displayed according the setting
Quac_lr_upole Pie_ce. The manner in whic_h beams are qf the parameter-group switch
specified for different computation engines (beam named Beam Parameters.
syntax) also tends to vary more in detail than the Parameters from both of these
syntax for optics components, such as the drift and fepresenations may be used
. . . to define OModule syntax, but
quadrupole. Figure 34 shows the Beam Piece WINdOW et independence should be
with the Beam Parameters switch set to the selectio understood.

Semi-Axes - Beam 1.
Button to Access

Correlation Parameters

Correlations ! C«mpFrﬂmTwissi DASIS gl f

Eement lﬂ‘% AutoScale Plots | TEEFBBEESERS ] | OASIS Syntax Button

5 Partick Distribution Type I-F,D Equivalent Uniform ﬂ \’\

; " X, y (mm .
_S_.;_Bﬁmpﬂrﬂmetef-'i ISsml—Axes-Beﬂm1 _:i vv\\ i_‘Z.GGDD - Tab for Panel with
Parameters Value Units Guidapce Limits X,y Additional Parameters
Horizontal () M

| Half Beam Extent (x) [ 0252200 [em =l 6.0000 10.0000 i) . ]
$:§Half Beam Divergence (x') I 1 525500 !mrad = 00000 1.00s+004 @ %\ LOgI0a|-P§ram (?ter Switch
e oo (555 [romess] 00000 1000000 > EE - for Sele(_:tmg D!fferent
Vertical (y) ' 4000 00 o0 Beam Distribution Types
.5\IHE|f Beam Extent (y) I 0.282000 Icm ﬂ 00000 100000 & .

5 Half Beam Divergence (v') [ 822100 [fras = 0.0000 1.008+004 @ qii Parameter-Group Switch
5/ Emittance (y-y') !,:a_" ip-,_mm_mrﬂd (=] 0.0000  100.0000 !‘“{Uﬁ,‘u— : for Selecting Different
sl z Beam Parameter Sets

5| Half Beam Extent () [ooz200 | [em 7] voooo 00000 @ fisac)

; : 0o :

5| Half Momentum Spresd (2) Iu_cs.c—ccc | percent =] G.0000  10.0000 @ ! Note that 6 Numerical

o Emittance (z-2)) I B 084355 [ormm-mrad {7 0.0000 1000.0000 - Parameters Are Selected
Comments: I .
[[Ps-aean -4.0000 0.0 W for Use in the OModule, as

Designated by the Green
Dots e and Red S Buttons

Figure 34. Beam Piece window with parameter-
group switch Beam Parameters set to Semi-Axes.
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Semi-Axes - Beam 1 vl

Semi-Axes - Beam 1

Courant-Snyder (Twiss) - Beam 2

Beam Parameters
Parameter-Group Switch
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The Beam Parameters switch in the Beam Piece
window (Figure 34) is an example of a parameter-
group switch. When a group-parameter switch is
moved to a new position, the parameter displayhen t
window is changed. The Beam Piece window where
the parameter-group switch has been set to thendeco
selection, Courant-Synder (Twiss) - Beam 2, is
illustrated later in this Section (see Figure 39).

The selection of parameters in the Beam Piece windo
for use with an OModule, and the specification roé t
input file syntax of the OModule, follow the same
basic procedures described for the Global Parasjeter
the Drift Piece, and the Quadrupole Piece. Foheac
parameter to be utilized in the OModule, the Specia
Parameter Setting (“S”) button is selected, whipbres

an SPS (Special Parameter Settings) window for that
parameter. Each SPS window for most of the Beam
Piece numerical parameters have the same
characteristics as the SPS windows previously
illustrated in Figures 10, 18 and 19. Similarlye ISPS
windows for the logical-parameter switch “Particle
Distribution Type” has the same features as shawn f
the Quadrupole logical-parameter switch illustraited
Figure 27. The selection and specification of the
corresponding beam parameters are not shown here,
but instead we illustrate the steps to select pedify

two new types of parameters: (a) beam correlation
parameters and (b) parameter-group switch Beam
Parameters.

To illustrate the use of the Beam Piece correlation
an OModule, an example developed for the "old"estyl
TRANSPORT positional notation will be used.
Previous syntax examples for this type of Main Inpu
File were shown in Figures 22(c), 28 and 29.
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When the Beam Parameters switch in the Beam Piece
Window (Figure 34) is set to the Semi-Axis - Beam 1
position, there is a button named “Correlationsdtth
appears in the button bar at the top of the BeasuePi
Window. This button is used to access the beam
correlation parameters, sometimes referred to as th
correlation cosines, or the reduced sigma matrix.
Figure 35 illustrates an example of the Correlation

OASIS User Manual

Beam Correlations

Matrix window that is opened.

B2 Comelation Matrix

i+ Reduced Sigma Matrbe, i, )

Units !cm and mrad VI

‘Special Setti ,_: <

i~ Sigma Matrix (i, i {rom & mrad}
— Reduced Sigma Matrex, r{ij)

i Diagonal

=21 o - L %] -

2522 cm

1.5495 mr |U-21UUUU
02820 dm lu.mccu ic.:zucco i

18221 mr l 0.410000 i 0.420000 | 0.430000

i=1x} 2xy 3y) Hy') 2]

0 ozoo e | 0510000 | [0.520000 [ [0.530000 || 0.540000

psooo me | 0610000 | [o.s20000 | fos30000 | fos40000 | | 0.650000

-~ Sigma Matroe (i) (mm & mrad) -

Tia

=21 o - & ha -

i=1 .. 3 4 5 6

0.87:°

i/

0-7RG21(

Figure 35. Correlation Matrix window opened frone th
Beam Piece window via the “Correlelations” button.

The button labeled “Special Settings” in the uprgint
corner of the Correlation Matrix window is used to
access the Special Parameter Settings (“S”) buftums
each of the correlation elements. Selecting theciap
Settings button opens the Special Settings window
shown in Figure 36. This Special Settings window
displays the “S” buttons for the Reduced Sigma
r(i,j), with each button

Matrix,

corresponding i,j indices.
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labeled by the

Button to Access the Special
Parameter Settings (SPS) for
Correlation Matrix Elements

The Correlation Matrix data for
the Reduced Sigma Matrix r(i,j)
shown in Figure 35 are values
that identify the particular
matrix element for each entry.
For example, the r(3,2)
element has a value of 0.32
entered. This can be useful in
debugging the Beam Piece
syntax for OModules that use
correlationparametersas input.

The lower part of the
Correlation  Matrix ~ window
displays the full Sigma Matrix
for the beam. These matrix
elements are computed from
Semi-Axes and Reduced
Sigma Matrix elements. The
off-diagonal elements of the
full Sigma Matrix may be
edited directly by changing the
radio button selection in the
upper left of the Correlation
Matrix window. However, the
full Sigma Matrix elements can
not be selected for Special
Settings.



Special Parameter Settings
("S") Buttons for Each Element

The Red S Buttons Indicate
that All 15 Independent
Elements of the Reduced
Sigma Matrix Have Been
Selected for Use in the
OModule.

The Special Settings window
displays the full correlation
(“reduced sigma”)  matrix,
although the symmetry
requirement, r(i,j)=r(j,i), means
that only half of the off-
diagonal elements need be
used. The diagonal elements
correspond to the semi-axes
parameters, selected for use in
an OModule directly in the
Beam Piece window (Figure
34).

Parameter Name

Symbolic Parameter Name
Input Field

OModule Parameter Selection
Check Box

Options for Parameter
Attributes

It is important to remember
that all Symbolic Parameter
Names throughout the entire
OASIS Module Specification
Document must be unique.

PSLBEAM - Correlation Matrix 21
/ Symbolic Parameter Name: ! 21
= 4
') Uze this Parameter.
v = Multipy by Scale Factor:
v
v
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BB Special Settings
— Reduced Sigma Matrie, (i, ) -
: i=1{x} 2(x") 3y} 4ly') 5i1}
1 11 Né 2 Né G mé 1.4 Né 1,8 Né 1,6 Né
2 7 | 22 o i 24 ol 25 o 26 o
el - - = - -
3 31 & 32 & 34 34 & 3.5 36 o
"_i "_i 5 it i i
4 44 gf 42 gf 43 gf 44 45 48
iz Iz i R i i
S P E2 53 54 E5 EE
s &t g 82 g 82 g st g g
6 6,1 5‘ 6,2 5‘ 6,3 5‘ 6.4 5‘ 6.5 5‘ 6,6 f’é

Figure 36. Special Settings window used to select
individual correlation matrix elements for an OMd&slu

Note that only the lower half-diagonal of the Reslilic
Sigma Matrix elements are accessible, reflecting th
matrix symmetry. There are 15 independent elements
of the correlation matrix. Selecting an “S” button

the Special Settings window (Figure 35) opens a8 SP
(Special Parameter Settings) window for that paldic
matrix element. An example for the r(2,1) elemisnt
illustrated in Figure 37.

1

¥ Use thiz PSLBEAM - Correlation Matrix R21 Parameter.

Transport I Optimizer

Parameter KeyiWord :

' Modify with Formula: 1.55__ s _‘;!

Figure 37. SPS window for the correlation
matrix element r(2,1).

The default Symbolic Parameter Name for the example
shown in Figure 37 has been replaced with "C21" for
clarity. Symbolic Parameter Names may be changed
by an OModule developer, but they must all be uaiqu
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The SPS (Special Parameter Selection) window for
each correlation matrix element is similar to thaéd

for other numerical parameters, such as those
illustrated in Figures 9 and 23. Some differengegh
noting are (1) that the parameter name includes the
comment (appearing in the Comment field of the Beam
Piece Window) and the indices (i,j) of the element
under consideration, and (2) that no units optiares
displayed for the reduced correlation matrix eleten
The r(i,j)) elements are unitless parameters by
definition.

Once the parameters needed to specify a beam for a
particular OModule have been selected, the syntax
needs to be defined that will be used to writeldeam
parameters to the Main Input File for that OModule.
Figure 38 illustrates the Input Syntax for InitBé¢am
window for a TRANSPORT computation engine that
uses the OLD-TRANSPORT positional notation.

e T wr— =]
E - - — — Run-time Vars — |
Variable | Parameter Name | Units: | Scale | Expression ﬂ
= TypeCode -

BEAN4 Half Beam Extent (1) cm 1.00000
BEAe | Faseanbrenty) | o | oo |
Half Homentum Spresd (2

Comment

Sequence : Syntax Specification
e o || Using Six (6) Semi-Axes
Parameters (see Figure
—T| 34), Fifteen (15)

1l || Correlation Parameters

— Syntax for Beam v/, Independent of Beam P S e —— = | (see Figure 36), and One

TypeCode' ‘BEAME BEAME 'HEAMS 'BEAMT 'BEAMEZ BEAMY 'GLOBALSZ "COM"Comment’CON' ; i’ (1) Global Parameter
12.0 'C21' 'C31 'C32 'C41' 'C4> C4T

"C51" "C52° 'C53 'Cha’
061" 'CE2' 'CB3' 'CE4" "CES' COMCOORICOR: | vl

1.0 0252200 1.649500 0262000 1.822100 0.022200 0.050000 0.061285 /PSIBEAMI ; “

Syntax Specification also

12.0 0.210000 0.310000 0.320000 0.410000 0420000 0.430000 N Uses Three (3) Run-time
0,510000 0.520000 0.530000 0540000 o '
0610000 0.620000 0,630000 0640000 0.850000 /COORY Vars: 'TypeCode',

\ ‘Comment' and ''COM'

Syntax Evaluation Field
| lllustrates  How Beam
Data Will Appear in the
Main Input File

|- Operators
e O 2 |2

» | soRT| [toe | _cos| _sm | _TAN | I | oathz |

Figure 38. Input Syntax for Initial Beam  Remember to always use the
. . . 1 tn Update button after entering
window illustrating an example for the “old"  yewais into the Syntax for

style TRANSPORT positional notation. Beam specification pane.
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OASIS Module Speciication
Module /0 File Specification
Global Parameters (Header)

Command Specification

“Special Parameter Settings {SPS) 3
Matrix Special Settings

Lines and Sublines Specification

Param Piece Specification

Oiptics Piece Specification

Alias Piece Specification

Undefined Pieces Specification

PSI-TRANSPORT Options Speciiication
/v Final {Footer) Section

Optimizer Storage Parameters.
Data Interchange (SP5)
Oiptimizer Simulation Options

White and View FORDD.DAT
Wiite Header {Globals) and View
Write Lattice {Fieces) and View
Wrte Foater and View

Run 'FORGDT.DAT

List Windows *

OASIS Options

The ICOM runtime variable is
a comment delimiter that is
defined in the OModule
Options Specification and is
discussed in Section 4.

OASIS User Manual

The Syntax for Beam specification shown in Figu8e 3
consists of four lines. The first line specifidset
syntax for the Semi-Axes parameters of the Beam, in
the positional notation of TRANSPORT. That line
also includes the Beam Energy Global Parameter
('GLOBALS?2') specified in momentum units GeV/c (not
in the visible portion of the Variables table showin
Figure 38). The next three lines provide the datien
parameter syntax. In the TRANSPORT positional
notation, the type code for correlations is 12.e Tinst

of these three lines thus starts with 12, simplyety
into the syntax field. The correlation parametiien
appear in the order required by TRANSPORT. The
syntax represents another type _of compoefement
implementation, similar to the TRACE 3-D quadrupole
example shown in Figure 33 (although no sequencing
runtime variables are needed here).

The example syntax illustrated in Figure 38 was
developed specifically to support the PSI-
TRANSPORT computation engine. It utilizes three
variables from the Run-time Vars listTypeCode',
'‘Comment' and''COM'. The'Comment' and TypeCode'
runtime variables were described in the discussion
the Drift Piece syntax within the context of the
DIMAD computation engine. For positional notation
style  TRANSPORT computation engines the
'TypeCode' for a beam is 1. Th&omment' variable
will evaluate to the text that appears in the Comme
field of the Beam Piece. Theowm' is a runtime
variable that evaluates to a specified comment
character orcomment delimter. The comment
delimiter in this example has been specified toabe
forward slash (/) as utilized by the PSI versioris o
TRANSPORT and TURTLE. The forward slash
would not be appropriate for MAD-type versions of
TRANSPORT since that character (/) is interpreted b
those computation engines as a division symbole Th
comment delimiter is discussed further in Section 4
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Example for Parameter-Group Switch

Parameter-group switches may also be used to define

the syntax for any Piece that has a parameter-groupsemi-éxes -Bean i i
. . . Semi-Axes - Beam 1
switch. Examples of parameter-group switches fElU sy

the Quadrupole Strength switch (Figure 24) and the Beam Parameters
Beam Parameters switch (Figure 34). A parameter-  Parameter-Group Switch
group switch can be assigned the same functionadity

that of a logical-parameter switch, but it also Bups

additional capability. A different syntax may be

assigned to each switch setting. Figure 39 rihiss

the different Beam Windows associated with the two

settings for the Beam Parameters switch.

BH Initial Beam

§ Cnrrelatiuns! Comp FromTwissE OASISE s

TR i EATRY
Element 1 Centroid, Current, Emsrgy | 0o
ik SLEE LulETL SRS AutoScale Piots | S8 Biot Sais |

Gimnerate i

5, Particke Distribution Type IE-D Equivalent Uniform __:]
: X,y (mm
5 Beam Parameters iSsmi—;—‘\xes _Beam 1 :_! — +y (mm})
BE o
Parameters Value [rladilice
Horizontal {x) st riesatin : '{st:':'vz;ﬁ?%{»sxé Comp From:Axis i OASlSi Sl Sae Hmal '(,'-'}{53' froms (i TLrtDriaI!
‘Half B Extent D593 3 i 3
=|Half Beam Extent (x) 0.252200 Element [ centros, current, Energy | AutoScale Pots | SetPhot Scales |
| Half Beam Divergence (x') I 1545500 S Particle Distribution Type I.a_n Equivalent Uniform ﬂ 2
={Emittance (x-x) iBeam Parameters !Ccurant-Snyder (Twiss)- B&an:._! l_. X,y {mm)
s 3.0000
Vertical (y) Parameters Value Units Guidance Limits Y
s

5| Half Beam Extent (y) I 0.222000 Horizontal {x) (mrad) F\
S?Half Beam Divergence (') I 1.822100 553Em'rt'tance () l 2.000000 Ip-,_mm_m,-ﬂd [:_1 G.0000  100.0000 & 0.0 \J

=l Emittance (y-y) S 1aa370 5':' alpha horizontal 0164000 =100.0000. 1000000 &
. Sbeta horizontal 1.509700 !n.,-rﬂd Li 00000  100.0000 @ -3.0000
=| Half Beam Extent (z) 0.022200 Vertical (y) =HE0 ik l 4.0000
éEHaIf Momentum Spread (=% IW .5"5:fmﬂ‘lﬂﬂ03 (y=y') I 5.000000 Ipi—mm-mra:l tﬂ o.oooe o 100.0000 o .
5 Einoe toh) 000 5§ alpha vertical W ' ~100.0000  100.0000 & Phase [deg)
Comments: 5 beta vertical l 1.508700 im.-rﬂd j 00000 1000000 @ W .
i XSIF_beam Sl i3 Energy
5|Emitance (z-2) [ 4810.000000 |pidegkev 7| 0000 1.00e+004 @ {Ke‘;}o
5 alpha longitudinal _4.357400 !Phass—Energ__v_j =100.0000  100.0000 & :
(a) 5\ beta longitudinal 0.2068000 !deg;‘ke\-‘ Li 00000 1000000 & i ot
Comments: :

XEIF_beam -50.0000 0.0 I 80.0000

(b)

Figure 39. Beam Piece window with parameter-grewfich set to (a) Semi-
Axes - Beam 1 and (b) Courant-Snyder (Twiss) - B@€am
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The PBO Lab Beam Piece has
a number of useful features to
assist users. For example,
buttons  will  automatically
compute the parameters for
one beam representation, e.g.
Semi-Axes, from the other, i.e.
Courant-Snyder. The PBO Lab
(Basic Package) User Manual
describe these features.

Parameter-Group Switch /

Name y Swich_BEAM110
Symbolic Parameter Name oASE

OModule Parameter Selection /

:-Indx| Selection Syntax String ] i"

Check Box Y 0 [Semitxes - Beam i BEAN |
/i\x\t&emm&m- ET i |

List of Parameter-Group I
Switch Selections Available ;—:l;

Syntax String Input Field for
Highlighted Switch Selection

Button to Accept String
Highlighted Switch Selection

The procedure for entering a
Syntax ~ String for  each
Selection of a parameter-group
switch is essentially the same
as that used for logical-
parameter switches. See the
Example for Logical-Parameter
Switch for more information.

_ﬂBETAc

P
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To use the Beam Parameters parameter-group switch
select the “S” button appearing to the left of swatch
name Beam Parameters (see Figure 34). This walhop

a Special Parameter Setting (SPS) window for the
switch. Figure 40 shows an SPS window set up @f th
Beam Parameters switch for use with the DIMAD-
sample OModule.

Beam Parameters

B 2 ¥ Use Beam Parameters

Select an item:fromi the list abeve, enter the Syntax String below and press Accept

| Accept l

Bracketed math exprezzionz with =ingle quot evaluated at run time. .

Figure 40. SPS window for assigning syntax strings
for the Beam Parameters parameter-group switch.

The Symbolic Parameter Name assigned to a
parameter-group switch can be used to provide a
switch-dependent text string for the syntax. Oneg

has been assigned to each of the two switch positio
in Figure 39. The strin@EAM has been assigned to
the Semi-Axes - Beam 1 switch selection, @&mtAO0

has been assigned to the Courant-Synder (Twiss) -
Beam 2 switch position. These two strings will be
used in writing to the Main Input File whenever the
(single quoted) variableswitch_BEAM110' is to be
evaluated in the beam syntax. The appropriatagstri
will be evaluated for the variablSwitch. BEAM110'
according to the OModule user’s current switchiisgit
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Once the parameter-group switch has been selemted f The syntax strings (BEAM and

. . . BETAO) assigned to the
use, it can then be used to specify a differentasyfor parameter-group _ switch  in
each switch position. The syntax specificationden Figure 40 correspond to two

Is opened using the OASIS button on the Beam Piecekey words used by the XSIF
window. Figure 41 shows a syntax specification (eXtended Standard  Input
window developed for the DIMAD-sample OModule Ez:;"rsgtefssc”pt'on of beam
for the Semi-Axes parameter-group switch setting.

—puntmevars— | Switch-Dependent Syntax
" Selected (box unchecked)

Varable | Parametertiame | Unts | scae | Expression f]
BEAMTZ Emittance (x) pi-m-rad rme [ 1.00000 ;

soaits | Hortbemonergence) | o | oo | —

TypeCode E
Compuen
q

Syntax Specification Field

| with Parameter-Group

Switch Variable:
‘Switch_BEAM112'

[ Syntax for Beam —[_ M

ependent of Beam Para ST [Semi-Axes - Beam 1 j {
IComment: ‘Switch_ BEAM11, MASS =GLOBALS3Y, CHARGEZGLOBALSTY, & a Syntax Uses Three (3)
PC='GLOBALST', EX=BEAM7Z, EY=HEAMTS &
ET="BEAMTS, SIGT=BEAMTE, & Global Parameters and
SIGE={ 1.000001 * 'BEAMTT/(@sqri(GLOBALS31%2 + 'GLOBALS 12} - 'GLOBALS31Y) } o S .
P:COM' Beam with kinetic energy = { (@sqri(GLOBALS31%2 + 'GLOBALS12) - 'GLOBALS31)} GeV =] Five (5) Semi-Axes
XSIF_BEAN: BERtt  =0.382300E-001, CHARGE=1.000000E+000, & - Parameters
PC=6 129535E-002, EX=8. 32007500 =1.027664E-008, &

£7-2 220000E-008, SIGT-4 440000-004, &

D Syntax Uses Two (2) Run-

1 Beam with kinetic energy =1.99997TE-003 GeW.
time Vars:
=TT 'Comment' & ''COM'

Op;ml W e e ] n O i | Update Button Used for
i [ e e (e [ [V (e " Syntax Evaluation Field to

' i Show How Beam Data Will

Appear in Main Input File

Figure 41. Input Syntax for Beam window for
the Semi-Axes - Beam 1 representation of the
DIMAD-sample OModule.

The Input Syntax illustrated in Figure 41 is depmmd  The syntax illustrated for the
upon the parameter-group switch setting. To create _.~> theBI{EQzl\a/lh} i‘;i‘;gﬁl"’t‘“oor}
switch-dependent syntax, firsincheck (default is the OASIS syntax e\,a|ua'ytor,
checked) the “Independent of Beam Parameters mathematical formulas may be
Switch” box that appears immediately to the right o utilized in syntax specification,
the "Syntax for Beam" title of the syntax specifica wieh il be evaluaied during
field. Next,select the switch position that corresponds P

) variables used in the formulas.
to the syntax that will be entered.
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The OASIS Module Builder
generally supports more than
one way to meet specific
formats for the Main Input File
of a computation engine.

The {math} structure provides
a method for introducing
guantities derived from Global
or Piece Parameters into the
syntax for a Piece. The {math}
construct is generally preferred
over the use of the parameter
expressions option (the Modify
with Formula selection in an
SPS window).

OASIS User Manual

In the example illustrated in Figure 41, the featitch
position has been selected (Semi-Axes - Beam hg T
detailed syntax is then entered for the DIMABAM
element, using the appropriate Variables and Rue-ti
Vars. When the Update button is selected, theagynt
Is evaluated for the current values of the varislaled
switch position. The DIMAD keywordBEAM is
written for the evaluatedSwitch_ BEAM110' switch
variable.

Note thatBEAM has also been entered into the Type
Code field of the Input Syntax window shown in
Figure 41. Thd&ypeCode runtime variable is not used
in the syntax specification illustrated, so thisldi is

not actually utilized in this example. It has been
entered simply as a reminder that this switch posis

for a XSIF BEAM keyword element. However,
different Type Codes can be assigned to different
parameter-group switch positions. ThgpeCode
runtime variable then could be utilized (rathemthiae
'Switch_ BEAM110' switch variable) for setting the key
word in a switch dependent manner. This illustate
example of how the OASIS Module Builder typically
offers more than one approach to addressing a
particular requirement.

To set up the syntax for the second position of the
Beam Parameters parameter-group switch, change the
switch to the Courant-Synder (Twiss) - Beam 2
selection. The switch position can be changed on
either the Beam Piece window (Figure 39) or on the
Input Syntax for Beam window (Figure 41). Entes th
syntax to be used for this switch setting. Figdge
illustrates an example for the DIMAD-sample
OModule.
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BB Input Syniax for Initial Beam E=
E = -~ — Run-tims Vars—

Variable Units Scale

I T R |

Parameter Name

Sequence—

= Swit

[ Syntax for Beam [ Indep

ant-Snyder (Twiss) - Beam 2 j

|

pcomment: 'Switch_BEAM110ETX = BEAMEY', ALFX="BEAMSZ', &

BETY <BEAMEE", ALFY="BEAMBS' &

| X="BEAM104', PX="BEAM105', &

Y=BEAM106, YP='BEAM10T, &

ENERGY= { (@=qrt{GLOBALS31"2 + 'GLOBALS1*2) - GLOBALSIT)

PrCON Beam with kinstic energy = { (@2grifGLOBALS3I1*2 + GLOBALS1%2) -

I

‘GLOBALS31Y} GeW

| Switch-Dependent Syntax
Selected (box unchecked)

Syntax Specification Field

| with Parameter-Group

Switch Variable:
'Switch_BEAM112'

Syntax Uses Three (3)
Global Parameters, Four
| (4) Twiss Parameters and

HSIF_BEART '=1.5DQTODE¥QDD, ALFX=1.540000E-001, &

EMERGY'= 1 88987 TE-003
! Beam with kinstic energy = 1 999877E-002 GV

Four (4) Centroid
Parameters

Syntax Uses Two (2) Run-
" time Vars:

BETY =1.509700E+000, ALF7=2;
[ Operators.

X=0.000000E+000, PX=0 000000E+000, &
o N e o ) e | e )

*¥=0.000000E+000, ¥ P=0.000060E+000, &
# | sorT| [toc| cos| _sw | [TAn | | | fmath |

'‘Comment' & ''"COM'

- Update Button Used for
Syntax Evaluation Field to

Figure 42. Input Syntax for Beam window for
the Courant-Synder (Twiss) Beam 2
representation of the DIMAD-sample OModule.

In the example illustrated in Figure 42, the second
switch position, Courant-Synder (Twiss) - Beam &s h
been used to create a XSHETAO type element for
DIMAD. The syntax has been evaluated by the OASIS
parser using the Update button. The DIMAD keyword
BETAO has been written for the evaluation of the
'Switch_ BEAM110' variable.

When a DIMAD-sample OModule user switches
between the two Beam Parameter representations on
Beam Piece, the Piece effectively switches betwaeen
XSIF BEAM type element and a XSIBETAO type
element. It should be noted that the X8EAM and
XSIF BETAO elements do not correspond to the
DIMAD operation, or command, keyword BEAM.
The DIMAD BEAM command is used for tracking and
can be defined using an OASIS Command Piece.
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Show How Beam Data Will
Appear in Main Input File

The syntax illustrated for the
DIMAD BETAO specification
utilizes the {math} capabilities
of the OASIS syntax evaluator
to compute the beam kinetic
energy. The '"COM' runtime
variable is used to display the
result as a comment line.

The DIMAD-sample OModule
examples illustrated here show
how the Beam Parameters
a{)arameter—group switch can be
used to implement either a
XSIF BEAM type element or a
XSIF BETAO type element.

An OASIS Command Piece
(Section 4 of this user manual)
can be used to specify DIMAD
BEAM operations.



Logical-Parameter Switch —
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Centroid, Current, Energy Tab Panel

The Beam Piece has a tab panel named Centroid,
Current, Energy which provides additional paranseter
that may be useful in specifying a beam for some
optics codes. Figure 43 illustrates the Beam Piece
window with this tab panel selected. Any of the
parameters shown on this window that have a Special
Parameter Settings (“S”) button on their left may b
used for OModules. The procedure for selectinge¢he
parameters is identical to that for similar OASIS
numerical variables or logical-parameter switches.

| Correlations| Comp From Twiss| |BASE | Cosy ¢ ¢ Tutorial |

Element ] C_entrpid, Current; Energy

for Selecting Either the
Global Beam Energy or a
Local Beam Energy Value

Centroid Parameters,
All Selected for Use
as Designated by the
Green Dots e and
Red S Buttons

Global (or Local) Beam
Energy Parameter
(Depending Upon Logical-
Parameter Switch Setting)

AutoScale Piots | SetPiot Scakes |

o Beam Energy Selection Global Beam Energy =l
Parameters Value Units Guidance Limits H ¥ G
Centroid
s/ Centrom Displacement x 0000000 [rm =] -teoosm 00000 @ {m;ad) F\
5 Centroid Displacement - ] 0.000000 I rirad :j =10.0000 10,0000 & .0
v 5 Centroid Displacement -y ] 0.000000 !mm .-v_j -10.0000 10.0000 @ &J
b 5 Centroid Displacement -y ] 0.000000 !mrad _vj -10.0000 T0000 & ~3.0000
h S'Centruh Dizplacement -z ] 0.000000 cm :j =A0:0000¢ 100000 & -4.0000 0.0
A 5 Centroid Displacement -z J 0.000000 detaE(KeV) 7] -0,0010 0.0010 @
Current i)
I~ Use equivalent 3-0 bunch current with TRACE 3-D to simulate 2-D continucus beam 5
Continuous Beam Current l 0000000 ]m.t-\mp :_i 0000 1.00e-007 "
Bunched Beam Current ! 006000 ] mAmg :_i 0.0000  1.00e-007 (mrad)
Socray 0.0
p = | Global Beam Energy I:_gg_ﬂmn ll'i"" .:; 0.0018  1.00s+010 & )
=1000.0000

[The Global Beam Energy

-50.0000 0.0 [z5oo00

is Selected for Use, as
Designated by the Green
Dot e and Red S Button]

Figure 43. Centroid, Current,
of the Beam Piece window.

Energy tab panel

Parameters from the Centroid, Current, Energy tab
panel, selected for use in an OModule, may be tsed
define the Beam Piece syntax. In Figure 43, thabéll
Beam Energy parameter and six (6) beam centroid
parameters have been selected. Figure 42 shows the
use of four of theseBEAM104 thru BEAM107) in the
beam syntax for the XSIBETAO element.
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Marker Piece

The Marker Piece provides a general method for
adding comments and other location specific corttent
be written to the Main Input File. It may also $x up

for inserting commands, plotting specifications,dan

similar input data that might

not be supported alye

by a particular OModule. The basic structure & th
Marker Piece is different from that of most other

elements. This is apparent

when the Marker Pigce i

&D

Marker

The Marker Piece in PBO Lab
is used in various ways
dependent upon the underlying
PBO Lab computation engine.
An OASIS Marker Piece is
created automatically with a
red O indicating that it has
certain immediate OModule
functionality without the need

opened. An example of the Marker Piece window is for any further specification.

illustrated in Figure 44.

0ASIS | eacay | Distance | [ossis =l

— Constraints -

— Diagnostics & Command Instructions —

= Store:

Comments:

e i Remove i

; comment marker onfy

Figure 44. Marker

Piece window.

The Marker Piece window has a Context Switch in the
button bar at the top of the window. The Context
Switch on the Marker Piece window is a duplicate
control for the Context Switch that appears inupper

left of a PBO Lab Document

window (Figure 2), or an

OASIS Module Specification Document window
(Figure 5), for the Document window in which the
Marker Piece is located. Changing the switch ie on

location will change it in all lo

cations.
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Context Switch

—
OASIS Syntax Button

OASIS provides considerable
flexibility in how a Marker
Piece is used in an OModule.
The Marker Piece may be
assigned a usage identical to
that of any marker element
utilized by the computation
engine of an OModule. The
Marker  Piece also has
additional capabilities that can
be utilized by an OModule user
at runtime.



The three fields of the Marker
Piece may be utilized by an
OModule, but have no
functionality in the OASIS
Module Builder mode.

Manual
Section
OASIS Madule Specification
2 Module 10 File Specification
Global Parameters (Header)
Command Specification
4 ‘Special Parameter Seftings (SPS) »
Tiatroe Special Settings
Lines and Sublines Speciication
Param Piece Specification
Optics Piece Specification
Migs Piece Specification
4 Undefined Fieces Specification

Untitted Options Specification
Final {Footer) Section

— Optimizer Storage Parameters

5 Data Interchange {SPS)
Optimizer Simulation Options
White Full Input File and View
Wirite Header {Globals) and View
6 Wilrite: Lattice {Pieces) and View
Winte: Footer and Wiew
Run input File
6 inp
List Windows 1]
7 OASIS Oiptions

Section 5 of this User Manual
describes the specification of
Optimizer Storage Parameters
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The functionality of a Marker Piece depends upan th
setting of the Context Switch. There are threkl$ién
the Marker Piece window:

(1) Constraints

(2) Diagnostics and Command Instructions

(3) Store

These three fields are used to display summary
information from other windows that are accesseth wi
the Open button below each of these fields. ThenOp
buttons become active for certain settings of the
Context Switch, for example if TRANSPORT is
selected. The Open buttons aret active for the
OASIS switch setting, which corresponds to an OASIS
Module Specification Document (see Figure 5).
However, some of the Open buttdrezsome active for

an OModule switch setting when a user is utilizing
OModule in PBO Lab. The Open button for the (2)
Diagnostics and Command Instructions field will
always be active for any OModule. This is the
automatic functionality created whenever a Marker
Piece is added to an OASIS Module Specification
Document. The Open buttons associated with (1)
Constraints and (3) Store are only active for an
OModule if Optimizer Storage Parameters have been
specified. That is discussed in Section 5 of thser
Manual.

The automatic functionality of the Marker Piece is
illustrated in Figure 45. When a Marker Piece in a
PBO Lab Model is opened, the Context Switch is
initially set to the then current Context Switclitisg

of that PBO Lab Document. The Context Switch may
be changed to any available OModule. For the
example illustrated in Figure 45 the Context Swikh
set to DIMAD-sample. The Open button for the
Diagnostics & Command Instructions field is active
and can be used to open the Marker Instruction
window, also shown in Figure 45.
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|
ﬁnergﬂ Distanoei iDIMAD _sample v[
[~ Constraints - Command Instruction
-
[ fllee Ensie Synta it Matker Nt Uation fon BIME D sample:
v irite Literal Marker Instruction to Input File
| 2 &
Cpen VE:
— Diagnostics & Command Instructions —
DiMAD-zample  Write Literal Marker Instruction _:__j
. -
Open ! Remove i :
= Plot Instruction
= Store:
H
Open Remove i

Comments:
MARK [~ Marker Comment -

I MARK

Figure 45. The automatic functionality of a defaMlarker Piece in an OModule
provides the ability to enter alphanumeric text thidl be written literally (no OASIS
parsing) in the Lattice Section of the Main InpieFat the location corresponding to
the Marker Piece.

The default functionality of a Marker Piece for an
OModule provides the ability to write a literal tex
instruction inline at the lattice location of thealer
Piece. The Diagnostics & Command Instructions Open
button provides a Marker Instruction window where
the user can enter a text block. The text blodk lve

; . . : . OModul dd
written, literally as it appears in the Marker hustion pcule users can add any

text instruction to the Main

window, to the Lattice Section of the Main Inpulkefi Input File with the use of a
Marker Piece. The OModule
For the default functionality of the Marker Piecele developer must provide this

. support by adding a Marker
active, the OModule developer must add a Marker .-~ ™ =0 oo \odue

Piece to the Model Space of the OASIS Module gpecification Document.
Specification Document (e.g. similar to Figure 16).

Otherwise the Marker Piece will be treated as an

undefined Piece by the OModule. (An undefined €iec

Is ignored, or handled according to the OModule's

Undefined Pieces Specification - see Section 4.)
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The Marker Piece may also be
used in the same manner that
a marker element is utilized by
the computation engine of an
OModule. The setup of this
usage begins with selecting
the OASIS syntax button on
the Marker Piece window.

OASIS User Manual

The function of the Marker Piece can also be ddfine
by an instruction syntax that the OModule developer
assigns. The syntax is defined similar to thatofiver
Pieces, and the Input Syntax for Marker window is
accessed by using the OASIS syntax button located i
the upper left corner of the Marker Piece window
(Figure 43). An example of the Input Syntax window
for a Marker Piece is shown in Figure 46.

B Input Syntax for Marker [ o]

= Run-time Vars —

[ SyntaEx for Marker -

| parametertame | unts | Scae | Expression ﬁ!
Beam Energy piGeVic) | | :

TypeCode -
Comment

Markerinatructio.
Sequence
Sequence++ ;]

— Type Code-

i i marker 0l

| ‘Comment: TypeCode' 1COM' See PBO Lab Marker Piece for setting Diagnoestic and Command Instructions.

COMMENT_MA: marker ! See PBO Lab Marker Piece for setting Diagnostic and Command Instructions.

l’ﬂ..

[~ Operators
e | T2 O 5 e i

» | =sorT| [toe| cos| 0| TAN | i | fmathi |

Figure 46. Input Syntax for Marker window.

The syntax for a marker element has essentiallgfall
the features that are available for any other Piddee
main difference is that the Marker Piece has no
inherent parameters.  Consequently, only Global
Parameters, Numerical Constants, String Constants o
Run-time Vars that have been specified for usénen t
OModule are available for defining the marker synta
In Figure 46, the Syntax for Marker has been sé&up
model a normal DIMAD marker element. In addition,
a comment string will be displayed alerting the
DIMAD-sample user that additional capabilities the
Marker Piece are available (as illustrated in Fegdis).
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PBO Lab Parameter Piece

The PBO Lab Parameter Piece provides an element
that can be used to input up to eight (8) pararadfear
Piece) which may be assigned basically the same
attributes as the parameters of any other optical
component. The selection and syntax specifiatibn o
parameters for use in an OModule follows the same
steps as that involved for a drift (Figures 17-Zd)t

the Parameter Piece offers up to 8 unitless pammet
than can be selected for use. Figure 47 illusdrdte
Parameter Piece window.

PH Parameter Piece
Ei Energy-i Distanoei
Parameters Value Units Guidance Limits
5| Parametert [W _INE NF @
5 Parameter2 W INF INF
.é;PaFameierE\ [o.000000 i -INF INF
5 Parameters [o.000000 -INF INF
5 Parameters W -INF INF
5 Parameters W INF INF
5 Paramster? W -INF HF
3 Parameterd W -INF INF
.Cu.mmenh;:
! parameter cards ignored

Figure 47. PBO Lab Parameter Piece window.

Several computation engines support the use of

parameter elements directly, and the Parametere Piec
can be used to provide that support. The PBO Lab
Parameter Piece is patterned after the use of PARAM
lines in MAD style input files. The PBO Parameter
Piece does not utilize units for any of the paramset
For defining a custom Piece for an OModule, inahgdi
parameters with units and other attributes, the
OModule developer should utilize either the
customizable OASIS Param Piece or the OASIS Optics
Piece. Those are discussed in Section 4.
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The PBO Lab Parameter Piece
can be used to provide support
for codes such as MAD that
utilize parameter elements. In
order to maintain compatibility
with other PBO Lab and
OASIS Modules, the
Parameter Piece should not be
“overloaded” to mimic custom
elements, commands, or other
functions provided by various
OASIS features. The OASIS
Comm Piece, Param Piece,
and Optics Piece should be
used for such functionality.

Manual
Section

OASIS Madule Specification
2 Module 10 File Specification
Global Parameters (Header)

— Command Speciiication
‘Special Parameter Seftings (SPS) »
4 Tiatroe Special Settings
Lines and Sublines Specfication

——)p Param Piece Specification
——— Optics Piece Specification
Migs Piece Specification
4 Undefined Fieces Specification
Untitted Options Specification
Final {Footer) Section

Optimizer Storage Parameters
Data Interchange {SPS)
Optimizer Simulation Options

White Full Input File and View
Wirite Header {Globals) and View
Wirite: Lattice {Pieces) and View
Winte: Footer and Wiew

6 Ruri input File
List Windows 1]
7 OASIS Oiptions

Section 4 of this User Manual

describes the setup of:

Command Specifications
Param Piece Specifications
Optics Piece Specifications



OASIS User Manual

The example illustrated in Figure 47 shows only one
parameter selected for use. The correspondingi&pec
Parameter Settings (SPS) window for this paramster
very similar to that illustrated in Figures 18 dfégland

Is not illustrated here. The only notable diffexens

the absence of any units selection for the selected
parameter (Parameterl). The specification of the
syntax for selected parameters follows the same
procedures as outlined for other Pieces. Figure 48
illustrates DIMAD-sample syntax specification fdret
Parameter Piece shown in Figure 47.

E% Input Syniax for Parameter Piece 0]

Variable | Parameter Name | LUnits | Scale l Expression | ﬂ
PARAMPIECES4 Parameter | :

TypeCode
Comment

The ''"COM' Run-time
Var Used for a Comment

Run-time Var '‘Comment"
§yntax for ParamPiece

Used in Conjunction with —
. |1COM" Parameter Cards ignored, thiz DIMAD-zample Module only uses Piece Parameter Values -~
DIMAD Marker tO Identlfy ‘Comment’ : marker COW marker for location of Transporth-ike PARAM lines Ll

Locat|0n Of Param eter ! Parameter Cards ignored, this DIMAD-zample Module only uses Piece Parameter Values B
Pieces in Lattice SeCtion PARAMETER. : marker ! marker for location of Transport-like PARAM fines.

of Main Input File /

Syntax as Evaluated by _-]
OASIS Parser (via Update | |

Button) e
| el e | e

s ] somt] _toc| _cos| _sm | _TAN | |

Figure 48. Input Syntax for Parameter Piece window

Note that the DIMAD-sample syntax for the Parameter
Piece shown in Figure 47 does not actually use the
parameter selected for the OModWARAMPIECE34).
Instead, the syntax simply specifies a comment line
and XSIF Marker line that will appear in the Main
Input File at the location of any PBO Lab Parameter
Pieces in the model. This is a convenient metlood f
temporarily supporting any PBO Lab Piece during the
on-going process of developing an OModule.
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Special (SPEC) Parameter Piece

The Special (SPEC) Parameter Piece in PBO Lab is SPEC
modeled after the use of SPEC parameters in
TRA'NSPC')RT and TURTLE. The SPEC P?ece The Special Parameter Piece
provides input for a number of specially defined supports TRANSPORT and
parameters. One of the uses of a SPEC Piece iS tOTURTLE SPEC parameters.
update (or replace) certain Global Parameters at th

location of the SPEC Piece in the beamline on the

Model Space of the Document Window.

It is recommended that OModule developers consider
incorporating the Special Parameter Piece in otder
maintain compatibility of existing PBO Lab Models
that may include a SPEC Piece in their beamline.
However, there are some special considerations of
which the developer should be aware. Some of these
are discussed below.

The Special (SPEC) Parameter Piece is a multijple ta
PBO Lab Piece. Figure 49 illustrates the SPEC&Piec
with the first tab (System) in front. Two paranrste
have been selected for use in the OModule, as
indicated by the redS buttons to the left of the
parameters (and the green dots to the right of the

Ea Special
i
I 3 i j I
QASIS | Energy | Distance !
System i Flogor ] Bend Fringes l Expansions ] Turtle !
Parameters Value Units ‘Guidance Limits
<! System Length [LENGTH] l 0.000000 Im :J -INF INF
<! Reference Traj Mom [PO] l 0.000000 Geliie 00000 1.00e:007 @
! Mag Field Ref. Mom [PREF] l 0.000000 | BeWic 0.0000 1.008+007
= Particle Mass [PMASS] l 0.000000 I Meh 1_1 0.5110 2722e+005 ©
5§;T|lt to Focal Plans [FOTILT] | 0.000000 ! Degrees _'_j -180.0000  130.0000
Comments:
for global or default overrides

Figure 49. Special (SPEC) Piece window.
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The selection of parameters, and the specification
the syntax, for the Special (SPEC) Parameter Rgece
similar to that described for other PBO Lab Pieces.
Figure 50 illustrates an example of the Input Syifital
Special window for the DIMAD-sample OModule.
Only one of the selected parametes®ECIAL33") has
actually been used in the syntax

B8 Input Syniax for Special 1]
i - - - — Run-time Vars — |
Varable | Parametertiame | Unts | seae | Expression f]
. - TypeCode

Comment

[ Syntax for Special

Figure 50. An Input _ Soballloss
. ‘Comment’ : marker TCOM marker for location of Transporth-iike Special Parameters
Syr]ta')( for SpeCIaI pmazs=0.000000E+000 ! Owverride of Global Mazs

pmass="SPECIAL3Y CON Overnde of Global I.1§55 -~
-
-

H FOR GLOBAL : marker *marker for location of Transporti-ike Special Parameters.
(SPEC) window.
=]
[t : g ; : g ; i
20 | IV W I T W | ey T Ve | e I
s | sert| _tog] _cos| s | _TaN | ] | Hmathi]

There is a practical limitation on the use of tHREE
Piece that should be understood. The default gdtue

all parameters on the SPEC Piece are zero (0.0).
Consequently whenever a SPEC is utilized in a PBO
Lab model any parameters utilized by an OModulé wil
have a zero value. This may not be desirable, for

An IfNot-Endif logic structure example, if the OModule user wants to use only one
can be used to either turn "on .

or  "of" SPEC  Piece SPEC Piece parameter, but the syntax for seveval hg

parameters depending upon been defined. The OASIS parser for the OModulé wil

whether they are zero or not. effectively write all SPEC Piece parameters accaydi

to the specified syntax, using the default zeraes)|
unless the OModule user specifically changes all
parameters to their desired values. This candieus
and error prone. To avoid this problem an IfNotiEn
type of structure can be used to comment out liaes
parameters which have a zero value.
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The approach will be illustrated for a positional
notation version of TRANSPORT. Figure 51
illustrates the Bend Fringes tab panel of the $peci
Piece with 4 parameters selected.

B Special
OASTSI F_nergy-i Distanoei |
Figure 51. Bend Fringes tab panel of ssen 1 oo | W e e

.oParameters Value Units Guidance Limits

SPEC Piece with four parameters fEttier e [mmoefor =] oaw0  sum
selected for PSI-TRANSPORT. ot Spacmg HOA [osoooos [em 5] 0000 100000 o
Iééomwkp. Integral [FINTO} W 00000 10.0000

H : EgFrmmFieldlmf-K“l [FiNT] Iu.uuuuuu 00000 10.0000 &
Figure 52 illustrates a syntax that . .. . e Cain
a.V0|dS the "ZerO Value" prOblem Th EI%Enth—FmCHWMre{Hﬂ'W m -1.0008 10000 @
IfNot-EndIf syntax is used in 2 places s&msfecnauetaftmm— oo oo @

in each line in order to provide a
comment to the user for the case of
zero value parameters. Compare to
Figure 28 for an alternative syntax.

£2 Input Syniax for Special =

2 B - 1~ Run-time Vars —
Variable | Parameter Name | Units | Scale | Expression ! ﬂ
e T T —" z |T\rceCnde -AI
SPECIAL113

HEAP : 3

= 52 Input Syntax for Special T [=]
i - -~ — Run-time Vars — |

| unts Scale Expression f]

Parameter Name
HGAP

seecsvs | m | um | oo |

Variable |
SPECIALT13

TypeCode -
Comment
Sequence
Sequence++ ;
Sequence— ;_l

[ Syntax for Special

| 1fNot"SPECIAL113'(** not used: EndIf TypeCo
“IMot"SPECIALT14(*** not used: ‘Endif TypeCo
Ifot"SPECIALT 1S (™* not used: "Endif TypeCo -
IfMot"SPECIALTTEY™ not uzed: EndIf TypeCo — Syntax for Special

— Type Code-

IOt SPECIALT13(* not used: Endif TypeCode' 5.0 ‘SPECIAL113 "CON Comment"CONM ;INot'SPECIAL1 13 **}EndIF _;.’
16. 5.0 2540000 JPSISPEC! ; IMot"SPECIAL114(=* not used: Endif TypeCode’ 7.0 "SPECIAL114 COM"Comment "COM ;IfNot'SPECIAL1 14 **VEndIf
18. 7.0 0.500000 PSISPECI ; 1ot SPECIAL 115 (= not used: Endif TypeCode’ 12.0 "SPECIAL115 ICOM Comment CON [ Iflot SPECIAL 115" */Endif
16. 12.0 0.150000 IPSISPEC) ; 1ot SPECIAL 118 not used: Endif TypeCode' 13.0 "SPECIALT16 *COM CommentiCON 1ot SPECIAL 118" = Endif |~

16, 13.0 0150000 /PSISPEC ;

(**notused: 16. 5.0 0.000000 /PSISFECI =) -
(*** not uzed: 16, 7.0 0.000000 /PSISPECE; ===

(*** notuzed: 16 12.0 0.000000 /PSISPECI; ==
(= not used; 16, 13.0 0.000000 /PSIZPECS; =%)

[~ Operators - :
L I I | + z

« | [somr| [toc| cos| _sN |

[~ Dperators - = : =l
ez} | e e e s oo o |
(a) « | somr| [toc| cos| _sN | _TAN | | | motr|

(b)
Figure 52. Input Syntax for Special window for foselected parameters. The
evaluated syntax is shown for (a) the case whergptlirameter values are non-zero

and (b) the case where the values are zero. The sgntax accomplishes both.
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In addition to the standard
PBO Lab Pieces, OASIS can
be used to create custom

Pieces for any Module.

The

OASIS Param Piece and the

OASIS Optics

Piece

are

examples, and are described
in Section 4 of this manual.
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Summary of Pieces Supported by OASIS

All physical optical components available on theQPB
Lab palette can be used for defining OModules with
the OASIS Module Builder. In addition, most of the
other (non-optical) components are also available t
use in constructing OModules. Figure 53 summarizes
the status of all PBO Lab Pieces regarding thesrins
creating an OModule with OASIS. Only certain Pgece
unique to a particular Module (e.g. MARYLIE) cannot
be used by the OASIS Module Builder.

Align (T)

Map (M) Operator (M) Analyzer (M) Math (M)

=]
= R W gl [
Drift Quad Sobeamid SBend R-Bend Berd Edge Lens
Beam Drift Quadrupole Solenoid Sector Bend Rect. Bend Bend Edge Lens
N — N N
A =5 ke < £ &
Marker Faram ARME Reotate Kicker Sexct. Oct. Phrsring
Marker Parameters RMS Beam Centroid Rotate Kicker  Sextupole Octupole Plasma Lens
™ E3 I [ | [ =, | [ [ | =
™ < i1 n @ = 95
Tank Sephumn RF Gap Eta Rperture RFO, RFcau
Accelerator  Septum RF Gap Dispersion  Aperture  Doublet RFQ Cell  RF Cavity
[/m | [ | w1 [rem | =1 [we] [
& o = . e e [2€]
Tank FFO Einzell Einzel2 Redube ESOHF SOHE Matriz:
CCL Tank PMQuad Einzell Einzel 2 DC Column Deflector ESQuadF ES QuadH Matrix
m i s PREF=1D BEE m
Lo T e - | Supported
. _ _ Pieces
CG T-Wave CZ T-Wave Wiggler Special Params. Final DTL CCL
* % % % 2z
=
oy Opeie e et Unsupported
Pieces

Figure 53. PBO Lab Pieces supported (top) or ynsed (bottom) by the
OASIS Module Builder. Unsupported Pieces are $petc the TRANSPORT
(T) or MARYLIE (M) codes.
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4. Other Input Parameters & Syntax

OASIS provides a number of capabilities for
supporting a spectrum of computation engines. This
Section of the User Manual describes additional
features of the OASIS Module Builder. Not all bet
features described here will utlized for every
computation engine, but nearly every computation
engine will need some of these features.

Command Piece Specification

Each OModule created with OASIS will automatically
have a number of predefined “commands” that will ;
appear on the Commands menu for that OASIS i ]
Module. Sgctlon 8 (Testing an OModule W|th|n The OASIS Command Piece is
OASIS) of this user manual dgscrlbes the predeflned used for specifying a custom
commands and illustrates their usages. In addition command or operation.
each optics code will often have its own unique
‘commands” or “operators” that encapsulate the

. .- Manual
computation capability for the code. These code- oo

specific commands are implemented using a set of ___
OASIS Command Pieces. This section provides an 2 B v ey
introduction to the use of the Command Piece. T Command Spesfieatin

4 -Special Parameter Settings (SFS) »

Tiatroe Special Settings
Lines and Sublines Speciication

To initiate the creation of an OASIS Command Piece, ——

Param Piece Specification

select the menu item “Command Specification” on the o
OASIS Commands menu. This will open an OASIS 4 tssred fece secteaion
Command Piece Specification window. This window finsl feste) secten

is illustrated in Figure 54. The OASIS Command . @ Ziisis
Piece Specification window is used to begin theyset _  Semersmisontmos
of an optics command or operation and requires one S
entry: a name for the command. The name assigned ©  lemcwii
will later appear (for the OModule user) in a list 6  Fmeeane =

List Windaws 3

commands available to the underlying computation — -,  * s
engine. A descriptive string is recommended for

clarity, rather than a single key word or acronyff

course the string may contain relevant key words.
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DASIS Command Piece Specification E3
O |
Cancel |

Enter a Name for the Piece

I ~

Enter Descriptive Name for
the OModule Command

A descriptive name for each
Comm Piece should prove
helpful to OModule users.

OASIS User Manual

Figure 54. OASIS Command Piece
Specification name window.

Entering a name for the Command (or "Comm") Piece
and selecting the OK button will create an "OASIS

Comm" Piece on the Work Space of the OASIS

Module Specification Document window. The newly

created OASIS Comm Piece will appear near the left
edge of the Work Space and may be located partially
under the Global Parameters pane. The OASIS
Module Specification Document window with the new

OASIS Comm Piece should look similar to that shown

in Figure 55.

Newly Created

Fie Edt View Commands Tools Tutorial

orss =] || e miad 5 )

e Globals 1 Tracing/Tracking 1 Fleer Coordinates '_
B Particle Charge iW:m {0000 30000 o I
— Particle Mass 535 250000 '!ME\, =] 05110 2224005 &

: Beam Energy 2 000000 [11ev = 00010 100010 @

L Beam Current I 0.000000 .lm;\mp j £.0000 00044
§'§ Frequency I425.uuuuuu .1_f.1Hz = 30000 3.00e<004 @

e Masximum Step Size 0010000 [m =] 00020 10.0000

OASIS Comm Piece

Located on Work Space

Typical Set of Pieces
Previously Selected for Use,
as Designated by Red O's,

" [T FBiand

Located on Model Space

S0l |__of | ee] | ana % 7| (&) | ]
) el Il : 1l HE=i _ F-[3
v oritt | [ ooad | | seic Sectar Bend Rectangular Berid | | Sent. act | |REsap | | H
XSIF_be XSIF_dri XSF_qu XSF_so XSF_be  XSIF_sbend XSF_rbend  XSIF_se XSIF_oc XSIF_RF R
| | *

| | 17 Pieces |

In addition to the standard
PBO Lab Pieces and Comm
Pieces, OASIS can be used to
create other custom Pieces.
The OASIS Param Piece and
the OASIS Optics Piece are
examples, and are described
later in this Section of the User
Manual.

Figure 55. Example of an OASIS Module
Specification Document with a newly created
OASIS Comm Piece on the Work Space.

Once an OASIS Comm Piece is created it will need to
be moved from the Work Space to the Model Space.
Only Pieces located on the Model Space are used
during runtime of an OAS SModule.
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To move an OASIS Comm Piece, that initially appears
on the Work Space, to the Model Space of the OASIS
Document Window hold down the Shift key and drag
("Shift-drag") the Piece to the Model Space. The
Comm Piece may be located anywhere within the
beamline appearing on the Model Space. The latatio
of commands within the Main Input File will be
determined by attributes to be assigned to the Comm
Piece. Double click the OASIS Comm Piece to open
the command Specification window. Thame for the
command (Figure 54) will appear as th#e of the
command Specification window. An example is

illustrated in Figure 56. Window Title
(Assigned Command Name)

0ASE | Define < Buttons for:
TabPage! | TabPage? |  TabPaged wg| Command Options g | Defining Command Arguments
Tab Page Tiie ; [ Command Argunerts 1 =y Defining Command Syntax

Parameters Value Units Guidance Limits
<INF INF

. Command Argument 1
"

Command Options Panel

. Command Argument 2 F INF

i Command Argument 3 =INF INF

Command Tab Pages
(Titles definable)

+ Command Argument 4

< Command Argument 5

///

& Somuian Aeguenent & Tab Panel Title Field

)2 Command Argument 7

:.-;g Command Argument 8
i Command Arguments
Comments:

[ ema 4  (Initially undefined)

©——— Comm Piece Comment Field

Figure 56. Command Specification window used for
defining the details for the named command. The
name of the command appears in the window title. The ~ Command  Name  will
appear in the title of the
) ) ) ) Specification window of the
The command name illustrated in Figure 56 is: OASIS Module Builder. The
Command Name will also
appear in PBO Lab in a list of
all commands available for the
OModule user.

Start DIMAD - Must precede other commands

This name is descriptive of how the command is€o b
used. Other Comm Pieces should follow this Comm
Piece in the PBO Lab Model being studied, when
utilizing the DIMAD-sample OModule.
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3 | There are no parameters selected.

1, Uze 'S’ buttens to select
parameters in Special Parameter
Setffings Windows.

A warning dialog will appear if
the OASIS button is used
before Command Arguments
are specified.

Commands may be written to
specified locations in the Main
Input File. The Main Input File
has four principal sections:

Header

Lattice

Lines

Footer

In Line at Lecation in Lattics ;j

In Line at Location in Lattice
After Header - Before Latltice
After Lattice - Before Lines
: After Linee - Before Footer

The location of command lines
in the Main Input File is
specified using a popup menu
on the Command Options tab.
Note that the default is the first
choice:

In Line at Location in Lattice

OASIS User Manual

The Command Specification window has a number of
features which are summarized here. Exampleseof th
use of each feature are also described below. s w
other parts of the OASIS Module Builder, not all
features may be needed by a given OModule, but
certain default settings should be recognized.

There are two buttons near the top of the Command
Specification window. The OASIS button is used to
define the syntax for the Comm Piece. This button
works similar to the OASIS buttons on other windows
and is used after the Command Arguments have been
specified. The Define Arguments button is used to
open a window for assigning Command Argument
names and other attributes. The "S" button for a
Command Argument is not active until that Command
Argument has been assigned a name.

The Command Options provide a popup menu that is
used to specifywhere in the Main Input File the
command is to be written. Thefault setting for this
popup is nh Line at Location in Lattice" sO that it acts
like any other Piece appearing in the beamlinehen t
Model Space of a PBO Lab Document window. If the
command is to appear at another location, as woeld
the case for the DIMAD-sample OModule, then this
default setting needs to be changed. For the DIMAD
sample OModule the required setting would be:

After Lines - Before Footer

Different Comm Pieces may have different settings f
the location choice. For all commands for whick th
default setting 16 Line at Location in Lattice) IS not
appropriate, the popup switch on the Command
Options tab page will need to be changed.

Tab pages are available to group related Command

Arguments. The tab pages will appear in the fiaish
OModule only if a Tab Page Name is assigned.
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An OASIS Comm Piece must have at least one

Command Argument defined. The Define Arguments

button (Figure 56) is used to open a Define Arguisien

window. The Define Arguments window is illustrated  window Title (Includes

in Figure 57. Assigned Command Name)

Command Argument Selector

— Select Command Argument —«f—

Command Argument 1 19 — Format -

Command Argument 2 &
el [rRear =] | Command Argument Formats
_Command Argument & _:_I - d
- Define Attributes for Selected cDmny{Argument- — = Command Argument
Parameter Name Value Units Mits Name Input Field

NoUnit
lCommand Argument 1 IG.GGDGGG nong

D Default Value Input Field
\ Upper & Lower Guidance
Input Fields

Figure 57. Define Arguments window with%\\ Units Type Selector

item chosen in the Select Command Argument list. Default Units Selector

Update Command Argument

The various fields appearing in the Define Argumsent
window become active when one of the entries in the
Select Command Argument list is selected. These
fields are used to assign attributes to a command
argument. Each command argument has its owrf set o
attributes. The items appearing in the Select Canim
Argument list refer to the command arguments that
will appear on theab page that is located in front on

the Command Specification window (Figure 56).

There are eight (8) command arguments on tab page 1 no Tab Page Names have
and ten (10) command arguments on the other tab been assigned then the Comm
pages. Each command argument has a unigue nameece will not have any tab
internal to OASIS. The items in the Select Command Egr:isarfgra?gnun?('a\f]?:ﬂzl -
Argument display the internal OASIS names. Tab ppear together (in order) in
page 1 includes Command Argument 1 through the Comm Piece window,
Command Argument 8, tab page 2 includes Command regardless of the tab page to
Argument 9 through Command Argument 18, etc. The Which they ‘were originally
. assigned by the OModule
internal OASIS names (Command Argument 1, etc.) geveloper.

will not be visible to the OModule user (unless the

OModule developer has used identical names).
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A simple command needs only
four (4) parts for its definition.
First, the Comm Piece must
have a name. The second
part is comprised of the
parameters, or Command
Arguments, needed by the
command. The third part is
the specific format, or Syntax,
of the command line(s) that will
be written to the Main Input
File. The last part specifies
where in the Main Input File
the command is to be written.

A command name is required
in order to create a Comm
Piece, so the first part is
completed automatically. The
Define Arguments button in the
command definition window is
used for the second part. The
OASIS button is then used for
the third part. The Syntax will
generally involve Command
Arguments, so these two parts
are usually completed in the
order described. The third part
uses the Command Options
tab of the command definition
window. (Simple commands
often do not use the Tab Panel
Title Field.)

l Integer = i

Elntﬁner

Format Selection Choices
for Command Arguments
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The Comment field can be used to assign a default
comment for each Comm Piece. The default comment
will appear to an OModule user any time a Comm
Piece is utilized. Although default comment mayabe
long string (up to 256 characters) only a few cbes

will appear below the Comm Piece on the Model Space
of a PBO Lab Document. A key word, or other brief
one word description of the command, will generally
prove helpful to an OModule user. A few examplés o
the use of OASIS Command Pieces will be illustrated

A Simple Comm Piece Specification

The first example for the Comm Piece namethrt
DIMAD - Must precede other commands" is illustrated in
Figures 56 and 57. Use the Define Arguments button
(Figure 56) to open the Define Arguments window
(Figure 57). Select the first iten@dmmand Argument

1) in the Select Command Argument list appearing in
the upper left of the Define Arguments window. The
input fields become active faCommand Argument 1

and data may be entered.

After an item in the Select Command Argument kst i
chosen, then choose the Format for the argumemt. Th
default is Real, but eitherinteger or String may be
selected. Next enter a name for the argument. The
name needs to be short and should be descriptitres of
parameter. Finally enter a default value, guidance
limits, and (if appropriate) select a units typedan
default unit for the argument. Figure 58 illustsan
example of a completed command argument definition.
When the input for the argument definition is
complete, the Update Command Argument button is
used to store the definition. The assigned nantbdo
command argument (i.eAll Beamline (0=No,1=Yes))

will then appear in the Comm Piece window, instefd
the OASIS internal name (e.gommand Argument 1),
together with the default value, guidance limitd an
units (if applicable) assigned.
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— Eelect Command Argument —|

- — Format -

Integer Format Selected

Command Argument 2
Command Argument 3
Command Argument 4 _:_I

d
llnteger VI w

— Define Attributes for S_e!eoted Command ﬂ\rgun'!ent 3

Parameter Name Value Units Guidancg Lmns_./

N B

lAIIB&amIine {0=No,1="es) 0 nons

E [

S /

Units Type and Default Unit
Not Used for Integer Format

Update Command Argument

/ Records the Definition Specs

Guidance Limits are simply for

guidance. The Guidance Limits

Figure 58. Define Arguments window completed do not restrict the user’s ability

for the first command argument.

to input values for an argument
that lie outside the Guidance

The first command argument defined in Figure 58 wil Hme

be utlized to tell the DIMAD code whichLINE

statement of the Lattice section in the Main Input File

Is to be used. It is set up with an Integer formath Manual

no units assigned, and Guidance Limits of O and 1. section

This represents a Boolean argument, and the argumen ORSiS Wodile Spesiicaon
name reflects this. Either all of the beamling¢oisbe 2 G mmn pesiey

used, or not. The Lines and Sublines Specifinabib

the OASIS Module Builder can be used to provide a
DIMAD LINE designator that automatically identifies — ——
the entire beamline on the PBO Lab Model Space. e e Dl

This is discussed later in this User Manual.

The default value for command argumeait Beamline I i rbechont
(0=No,1=Yes)" shown in Figure 58 is set to noof}. -

Additional input is required in order to specify nsih Wit Headar Gobsl) and Vew
LINE is to be used. The second command argument O Uaeramoin
will be used to provide the OModule user with angtr 6 Ritepii e

field where a_INE designation is to be entered. Figure ~— 7, ~—_ ~—
59 shows a specification f@ommand Argument 2 that

achieves this objective.

Command Specification

4 ‘Special Parameter Seftings (SPS) »
Tiatroe Special Settings

— ) Linesand Sublines Specification

Param Piece Specification

Migs Piece Specification

4 Undefined Fieces Specification
Untitted Options Specification
Final {Footer) Section

White Full Input File and View

Wirite: Lattice {Pieces) and View

List Windows 1]

OASIS Oiptions

The Lines and Sublines
Specification is described later
in this Section 4.

The example shown in Figure 59 usesshiag choice
for the command argument format. The value fisld |
elongated, and no units or guidance limit fieldpesqy.

The value contains the default stringNE_0001.
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— Select Command Argument —|

— Format -

l String V-i

LOommand A guient 2 e
Command Argument 3
Command Argument 4 _:_I

String Format Selected

Only Parameter Name . |
— Define Attributes for Selecteﬁ Command ﬂ\rgun'!ent =

And Value Input Fields
. . Parameter Name Value Units ‘Guidance Limits
Active for String Format w\

] UUse Line (see List Windows) '[LlNE_csm

Update Command Argument

Records the Definition Specs \ _
] Update Command Argument

Figure 59. Define Arguments window completed
for the second command argument.

Figure 60 shows the appearance of the Command
Specification window, for the command namesfait
DIMAD - Must precede other commands," after the two
command arguments illustrated in Figures 58 and 59
have been completed. Note that the first tab rege
also been assigned a namése Line Specs) and a
default commentdimat) has been entered.

% Define Argumentsl |
Useline Specs | Tab Page 2 1 TabPage 3 | command Options |

The data appearing“in. a o [ Peseremoss
Completed Comm SpeCIflC&thﬂ Parameters Value Units Guidance Limits
window will also appear in the <[ AlBeamine (0-te 1=ves) [o P T o
corresponding Comm Piece in & Use Line (see List Windows)[ e o001
a PBO Lab Model. The Value ;;;Cpmmandhrgumen‘ti INF INF
fields for command arguments . Command Argurent 4 NE e
will be editable by the  Conmand Argurnent wwe
OModule user, and the entries - S e s -NE e
displayed in the Specification - o fegamen 7 = i
window will be the default | CAMERE AEgumen S e e
settings for the OModule. Icmf"ts:

Figure 60. Command Specification window with two
command arguments defined. Compare to Figure 56.
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Once the Command Arguments have been defined, the
syntax for the command needs to be specified. The
OASIS button located on the button bar of the
Command Definition window is used to open the Input
Syntax for Command specification window. Figure 61

illustrates the window used to set up the syntaxte
command name:
Start DIMAD - Must precede other commands

5 Input Syniax for Start DIMAD - Must precede other commands Specification

Variable | Expression

Max Sequence
ModelName
ModuleName

[ Syntax for Start DIMAD - Must precede other commands

— Run-time Vars —

-

Window Title Includes
Command Name

Command Arguments

Global Parameters &

| —

Defined Constants
Runtime Variables

Command Syntax:

| 1CON Start DIMAD calculations using OASIS DIMAD-sample Module for PBO Lab <
IMot"0ASISCOMMT 16TEndifuse, LINE_DOD1 N

Comment Line (""COM")

IFOASISCOMM T 18TEndIfuze, "OASISCOMM 1T
dimat <g—

IfNot-EndIf Structure

If-EndIf Structure

T Start DIMAD calculations using OASIS DIMAD-sample Wodule for PEO Lab

tuse, LINE_0001

— "dimat" Keyword

Update Button Used for
| T[> Syntax Evaluation Field,

uze, LINE_ 0001
dimat
A
[ Operators. - /
A el et = i i Tl [T

£l 1
# | sorT| [toc| cos| _sw | _Tan | | | gmath |

Record & Store Syntax

Figure 61. Input Syntax fo(Command Name)
Specification window.

OASIS Input Syntax specification windows have a
large suite of capabilities which makes it possiiole
the OASIS Module Builder to support a wide spectrum
of particle optics codes. These capabilities Hasen
discussed in detail in Sections 2 and 3 of thisrUse
Manual. The Input Syntax for Command window
provides the same set of capabilities, and utilides
same basic procedures for the syntax specificatien,
previously described for the Global Parametersthad
Drift, Quad and Beam Pieces.
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The syntax illustrated in Figure
61 is for the DIMAD-sample
OModule. The syntax provides
one information line, which will
appear in the DiMadIlnput and
DiMadOutput files.  This is
followed by If-EndIf type
structures used to either write
or omit a DIMAD comment
character (!) in front of 1 of the
2 lines that specify which LINE
statement to use for
computations. The dimat line
is a keyword that tells DIMAD
to look for more commands
and then start the optics
calculations.



OASIS divides the Main Input
File into several primary
sections. These primary
sections are designed to
support the input requirements
for a large group of particle
optics codes. OASIS uses the
following names for the four
primary sections:

Header

Lattice

Lines

Footer

Command Location Selector

Set to: /
After Lines - Before Footer

For DIMAD-sample OModule

Comm Pieces can be written
“in-line” as they are
encountered in a beamline on
the Model Space, or may be
written at locations between
any of the primary sections of
the Main Input File.

OASIS User Manual

One final item is needed to complete the defininba
DIMAD command: the specification of thecation in

the Main Input File where the command data is to be
written. This specification is made using the
Command Options tab panel of the Command
Specification window (Figure 56). Figure 62 illeges

the selection for the location in the Main InputeFi
where the example DIMAD command will be placed.

BB Start DIMAD - Must precede other commands Specification

OASIS i Define Arguments I |
Use Ling Specs l Tab Page 2 ] Tab Page 3 i Command Optionz i

Writting Commands to the Input File

Locate Command in Input File| & fier Lines - Befors Footer _v_!

Figure 62. Command Options tab panel of the
Command Specification window.

DIMAD operations are placed in an input file
immediately after the lines section. The location
specification “After Lattice - Before Footer” is ub
selected in the popup menu shown in Figure 62.eOth
commands have also been specified for the DIMAD-
sample Module, allowing the user to utilize mukipl
commands, arranging their order to accomplish
specific tasks.

Some Other Comm Piece Specifications

Figure 63 shows several Input Syntax specification
windows for the DIMAD-sample OModule.
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5 Input Syntax for Compute R andfor T rica: & Anlyze Beam Motion Specification

Variable | parametertiame | Umts | scae | Expression
OASISCOMMA13 | Matrix Order (15t or 2nd) nene | 100000
OASISCOMM115 | Every Element (1=No0=Yes) | none 1.00000
 GLOBALS31 Particle Mass - Gev | 1.00000
—TypeCode—
GLOBALSTS Particle Charge 1 1et 1.00000 [matix |
-
= S)Nﬂax. for Complite’ Ramﬂar T Matrices & An}yze BeamMoﬁun
TypeCode' COM'Computes R (15t order) or T (2nd order) matrices & anlyzes I}eam motion -
IFOASISCOMMT14-EndiF0ASISCOMM113" “OASISCOMMI1S" | ﬂ
| ma%;]x mmﬂesRﬁs&omﬁij Znd order} matrices & anlyzes beam motion ) [»I
A ' Inpd Syniax for Hardware parameter values and layout {floor coordinates) Specification
DASISCOMMIZS | Parameters (0) or Layout (1) none | 100000
OASISCOMM130 | Length Conversion {(1=m} | none 1.08000
| GLOB ] 1 El iy | 1.00000
~ Operators— GLOBALST Beam Energy piGeMic) 1.0 :
s — Type Cods
—I_ “— | oeLoBALSST Frequency | MHz 1.00000 : I
S (=T =
D —Syntax,mrﬂa‘rdwmpar yout (fioor coordinates)
| ICOM IfNot"CASISCOMMA 28" Hardwears element parameter values *EndIf IF‘OASISE‘.OHFHZS Physical layout (floor courdlnates} "EndIf -
HARDwars IfNot"CASISCOMMI 28' parameter values "EndIf IFOASISCOMMI28'ayeut (floor coordinates) "Endif
‘GLOBALST ifNot"0ASISCOMMAZE, "Endlf "0ASISCOMMIZ2S "GLOBALST18 "GLOBALS120Y
Mot COASISCOMMIZETEndIFGLOBALS121 "GLOBALS122 'GLOBALS123 'GLOBALS 124 .
'ifNut“OASISCOM M128TEndIF"OASISCOMMA20" {-"OASISCOMMI31T, :I
i Physical layout (‘ﬂuor coordi naﬁes} o

HARDware layout (floor coordinates)

61235355002 OOMOOOE*OM MOOWZEAMO DDOMDE—VDDO

Varible | Paramctertame | Unts | Scak | ,
. ‘DASISCOMM132 | Tiwiss (0} or Semi-Axes (1) none | 1,00000
- Operators
W | _#3 | _= [oAsiscomNiae Huorizontal (x) Beta | mirad 1.00000
_ | seRT] i 'DASISCOMMI38 | Horizontal (x) RMS Emittance | pim-rad rme | 1.00000
— Type Code
OASISCOMM138 Vertical (y) Alpha | none 1.00000 E
-
— Syntax for Track Beam Matrix Through Elements
TypeCode’ matrix tracking through slements |~
IMNot"0ASISCOMM1337 Using data from PBO Lab Beam Piece’EndIFIFOASISCOMNM1 337 Using data from DiMAD-=ample Comm Piecs'EndIf ]
ot OASISCOMMA 3Z0°EndIf
THot"CASISCOMM33TEndIFOASISCOMM135" "OASISCOMM36" 0.0 -0.0 'OASISCOMM138
Mot CASISCOMM133TEndIFOASISCOMMI3T "CASISCOMM13E" -0.0 -0.0 "OASISCOMMI3S
IMot"0ASISCOMMA337EndIf1.0 1.0 [t
Itot"0ASISCOMMT32'0.0 0.0 0.0 0.0 0.0 EndIFIFFOASISCOMM1 33T unused ling’EndIf
Iant‘OA':ISCOMI'HS}‘&D 0.0 0.0 0.0 0.0 Endlf‘IT’OASISCOMrHS“‘ unused finsEndif 1‘
BEAN matrix trm;ng‘througﬂ efemem& =
!Usmgdai&fmmPﬁGLabﬁemP)eee
138
10.000000E+000 1.000000E-008 -0 i O0E-008 -
'ﬂﬂmﬂﬁw ﬂm&&ﬂﬁ*ﬂm -ﬁ -0 1 GOQMDE-GDB'
Ho1n
0.0 0.0 0000 G0 L
0.0 0.0 0.0 0.0 0.0
.E.a' 00 -
— Operators
e NIRRT 1 I S A St W | 1 [ ARy |
&« | sort] _toa | _cos| SN | TAN | ]l | Zmathz]

Figure 63. Some command syntax specificationthi®DIMAD-sample OModule.
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Descriptive text is permissible
(up to 80 characters) following
four-letter operation key words
in the Main Input File for
DIMAD. Similar descriptive
entries for other codes would
most likely require a leading
comment character. See the
OASIS Module Options in
Section 4 for a description of
the ‘ICOM’ comment delimiter
runtime variable.

OASIS User Manual

The Input Syntax specification windows illustratied
Figure 63 are additional examples from the DIMAD-
sample OModule. The Comm Pieces for these
specifications implement the DIMAD operations
generally referred to as: MATRix, HARDware, and
BEAM. The first four letters of these operations
constitute the key words for these DIMAD operations
Although these four letters must appear at the
beginning of the first line of the DIMAD operation
statement, up to 80 additional characters may be
included to further describe the operation. Theutn
Syntax specification windows illustrated in Figusa
take advantage of this feature.
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When writing the Main Input
File, an OModule first writes
the Header section, followed
by the Lattice section, optional
Lines section, and concluded
with the Footer section.
Additional lines may be written
to the Main Input File between
these primary sections by the
use of OASIS Comm Pieces.

The last four groups on the
OASIS Commands Menu are
discussed in Sections 6 and 7
of this User Manual. Please
refer to those sections for
more information.
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5 Input Syntax for SCHEFF - Set up space charge calculation Specification

variable | parametertame | unts | scale | ;
OASISCOMMZ26 Radial Mezh Interval em | 1.00000
OASISCOMMZ28 | No, of Radial Mesh intervdls | none 1.86000
'OASISCOMM230 | Adjacent Bunches Included nene | 1.00000
— Type Code
OASISCOMM232 | Cells to Regenerate Mesh | none 1.00000 l—
-

 Syntax for SCHEFF - Set up space charge calculation

Bore '0ASISCOMM338 ﬁ!
CON SC. deta-R delta-L M-rad M-long M-adj N-beta-lambda Remesh -
Scheff '0ASISCOMM228" "OASISCOMMZZT "0ASISCOMM228" "OASISCOMM22Y "OASISCOMMEID 'OASISCOMMZ31" "DASISCOMMZIZ' 1‘

Scheff 0.500000 0.500000 10 20 0 1 3

‘Hore 2000.000000 . -

EE Input Syritax for LINOUT - To output linac design data

Variable | Parametertame | Unts | Scak | Expression
'DASISCOMM233 | Dynamics = 1, Geometry = 4 nene | 1.00000
—Operators GLOBALS3D Particle Charge | none 100000
T | I -
T 7| octosaiss Bean Energy MeV | 1.00000 :
_* | seet| _ ~TypeCode
| ocLosaisa4 | BeamCurrent(Trajectories) | mAmp 1.00000 .
-
~ Syntax for LINOUT - To output linac design data
LINOUT "QASISCOMM233
LINOUT "OASISCOMMZ34
LINOUT 1
LINOUT 4 ) : .
Input Syntax for PriBeam - Write Beam Properties Fles Beam out & Parmila plt Specification
Varable | parametertame | Unts | seak | Expression
'OASISCOMM304 | Drop Particks if Radius > | %Percent | 1.00000
OASISCOMME15 | OUTPUT TypeZ (1=Mo} | none 1.06000
[~ Operators— | gacierOMMINT Ending Cell Number none | 1.00000 :
[ | I —TypeCode
4 | 5q | OASISCOMM319 |  OutputatCelNumber |  pone 1.00000 [outrur |
e 1 -

' Syntax for PriBieam - Write Beam Properties Files Beam.out & Parmila.pit
PriBeam "OASISCOMM3NS

IF 'OASISCOMM3T4  Endif TypeCode’ 1 1 'OASISCOMM31Y 'OASISCOMM220" "'OASISCOMM3Z1" "OASISCOMM "DASISCOMM3.
‘DASISCOMM3Z4 "OASISCOMM3ZE "0ASISCOMM3IZE

IF 'OASISCOMM31S" EndIif TypeCode' 2 1 'OASISCOMM3IE" "OASISCOMMINT 'OASISCOMM218 e
IF 'CASISCOMM3ZT ; ‘Endif TypeCode’ 3 1 'OASISCOMM3ZE 'OASISCOMM3ZY 'OASISCOMM33D "DASISCOMM3IZT
IF 'OASISCOMM332 , Endif TypeCode' 4 1 'OASISCOMM3IZZ 'OASISCOMM334" "'OASISCOMM3RS' 'DASISCOMM23E

I

<]

 Operstors _
2| e e 1 e ) e e s 1 | N A

+ | sort| _Loe I cos | _sw | _".__I'W‘ _I_l ity

Figure 64. Some command syntax specificationghi®@PARMILA-2 OModule.
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Special Parameter Settings (SPS)

Manual

Many computation engines support certain attributes section
for individual parameters of optical componentsneO
of the most common is the ability to vary indivitdlua
parameters as part of a fitting or matching proocedu
Some computation engines also support the abdity t
define individual parameters by a formula, rathemt

a fixed number.

Support for these capabilitiesaim

OModule is defined using the Special Parameter

Settings (SPS) item on the OASIS Module Builder _____

Commands menu. Different types of attributes may b

assigned using different submenu items of the SPS

item. The submenu items include:
* Parameter Variable Spec,
* Parameter Expression Spec.

Selecting the Parameter Variable Spec choice OPENSgpegial

OASIS Madule Specfication
2 Module /0 File Specification
Global Parameters (Header)

‘S

Command Specification

-Special Parameter Settings {(SPS) »
Tiatroe Special Settings

Lines and Sublines Speciication

Param Piece Specification
Optics Piece Specification
Aligz Piece Specfication
4 Undefined Pieces Specification
Untitted Options Specification
Final {Footer) Section

Optimizer Storage Parameters
5 Data Interchange {SPS)
Optimizer Simulation Options

Wite Full Input File and View
Wiite Header {Globals) and View

6 Wite: Lattice {Pieces) and View
Winte: Footer and Wiew

Run input File
6 inp

List Windaws 3
7 QASIS Options

Parameter Settings

the window shown in Figure 65. The window provides (sps) are used to assign
options for use of variable parameters and symbolic additional attributes to Piece
parameter names, as well as for syntax specifitatio

BH Parameter Variable Syntax Specification

— Special Parameter Setings -
I~ Allow Users to Select Variable Parameters

= [~ Run-time Mars —

| PieceType

TypeCode
KeyWord
:J \ariabletame

riableValus

¥ Use MAD-Type Symbolic Parameter Names and

Initialize parameter values : !Aﬂer Header - Before Lattice

— Wariable Parameter Location —

Sequencse+
Sequence—
Max Sequenct
ltodehiame

¥ Locate Variable Syntax - lAﬂer Lines - Before Footer :_I

Variable Parameter List also available in Command Piece
as Run-Time variabde in COMM Pisce Syntax Specification.

T~
\

— Syntax for Parameter Variables

BN
T~

Figure 65. Parameter Variable Syntax

Specification window.
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Parameters of an OModule.

Parameter Varnable Spec
Parameter Expression Spec

Different types of attributes
may be assigned using the
submenu of the Special
Parameter  Settings (SPS)
Commands menu item.
Runtime Variables

Variable Parameter Attributes
Syntax Location Attributes

Field to Input Syntax Specs

Syntax Evaluation Field



With certain noted exceptions,
all Piece parameters selected
for use in an OModule will
have the assigned attributes
available to them. In particular,
Piece parameters selected for
use in the OModule, as
described in Section 3, can be
utilized with the SPS
capabilities specified by the
Special Parameter Settings
(SPS) attributes. Exceptions
to this rule include:
Global Parameters
Piece Parameters that use
Modify by Scale Factor
Piece Parameters that use
Modify by Formula

A Piece parameter not
included in the exceptions list
above may still be removed
from the set of parameters with
capabilities specified by the
Special Parameter Settings
(SPS) attributes. For example,
in the Piece parameter SPS
Window (see Figure 19) select
different units for use than
ultimately desired, and then
choose the Modify by Scale
Factor option with appropriate
multiplier that will return the
parameter to the correct units.
This effectively creates the
second exception above.

An OModule can also be
interfaced to the PBO Lab
Optimization Module. That
Module utilizes the nonlinear,
constrained, many-parameter,
MINOS and NPSOL
optimization codes. Interfacing
an OModule to the
Optimization Module is also
described in Section 5.

OASIS User Manual

The example in Figure 66 illustrates the assignmént
variable parameter attributes for DIMAD. The synta
to be used for the vary parameters is also shown.

EH Parameter Variable Syniax Specification

[ Special Parameter Seftings — - — Run-time Vars —
v llow Users to Select Variable Parameters
PieceType
V' Use MAD-Type Symbolic Parameter Names and TypeCode
e - KeyWord
Initialize parameter values : !Aﬂer Header - Before Lattice _:] VariableMame
Variable\alue
; ; Comment
— Veariable Parameter Location — = Sequence
g . = S 3 Sequence++
Locate Variable Syntax : In Ling at Location in Lattice =
L ks I '-I Sequence—
. . Max 5
\ariable Parameter List also in G d Piece el &
as Run-Time variabde in COMM Pisce Syntax Specification.
o Syntax for Parameter Mariables —
"Comment’ ‘KeylWord® 0.001 - |
=
‘Comment! KeyWord® 0.001 o
=
Uﬂr_ﬂ*ate

Figure 66. Parameter Variable Syntax
Specification window for DIMAD.
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MAD-like parameter expressions can also be utilized
with OASIS created modules. Selecting the Paramete
Expression Spec item on the Special Parameter
Settings (SPS) submenu opens the window illustrated
in Figure 67.

- Special Parameter Settings - [ [~ Run-time Vars —
TypeCode <& S Runtime Variables

Allow Uszer to Define Parameter Algebraic Expressions. Wariableame
I loe! B <«

< _ Expression Attribute
\

Syntax Usage Attribute

— Syntax for Parameter Expressions

Figure 67. Parameter Expression Syntax
Specification window.
Manual

Another attribute for individual parameters avaab  Section
within the PBO Lab software framework is the abilit
to assign parameters as Import Parameters. Suchi_
parameters can be updated from an external file, or
from a dynamic data interface to other softwarehsu

:.I | ——— Field to Input Syntax Specs

ﬂ// Syntax Evaluation Field

OASIS Madule Specfication
Module /0 File Specification
Global Parameters (Header)

Command Specification

-Special Parameter Settings {(SPS) »
Tiatroe Special Settings

Lines and Sublines Speciication

as MatLab™ or control systems using EPICS Channel =
Access. Section 5 discusses the assignment ofaspec
parameter setting attributes for this type of Data
Interchange. —

Param Piece Specification
Optics Piece Specification
Aligz Piece Specfication
Undefined Pieces Specification
Untitted Options Specification
Final {Footer) Section

Optimizer Storage Parameters
Data Interchange {SPS)
Optimizer Simulation Options

Wite Full Input File and View
Wiite Header {Globals) and View

6 Wite: Lattice {Pieces) and View
Winte: Footer and Wiew
Run input File
6 inp
List Windaws 3
7 QASIS Options

Data Interchange  special
parameter settings (SPS) are

discussed
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Manual
Section

OASIS Madule Specification
2 Module /0 File Specification
Global Parameters (Header)

Command Specification
4 ‘Special Parameter Settings (SPS)
_r Matrie Spe_ciai Settings
Lines and Sublines Speciication

Param Piece Specification
Optics Piece Specification
Migs Piece Specification

4 Undefined Pieces Speciication
Untitted Options Specication
Final {Footer) Section

Optimizer Stmage_Pammeters
5 Data Interchange {SPS)
Optimizer Simulation Options

White Full Input File and View
Wite Header {Globale) and View

6 Wilrite: Lattice {Pieces) and View
Winte: Footer and Wiew

6 Run Input File
List Windows *
7 OASIS Oiptiohs

Matrix Special Settings are
used to assign attributes to
those available to Piece
parameters using the Special
Parameter  Settings (SPS)
command.
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Matrix Special Settings

Matrix Special Settings are utilized to assigniladties

to matrices that are similar to the attributes ttaat be
assigned to Piece parameters using the Special
Parameter Settings (SPS) command. The Matrix
Special Settings command opens a window similar to
that illustrated in Figure 65.
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SUBLINE

Sublines are powerful PBO
Lab objects that allow users to
visually construct, edit and
manipulate hierarchical lattice
beamline structures. This
facilitates easy organization
and identification of various
parts of a beamline, in addition
to providing the underlying
framework for using optics
codes that require hierarchical
beamline descriptions.

Manual
Section
OASIS Madule Specfication
2 Module /0 File Specification
Global Parameters (Header)
Command Specification
4 -Special Parameter Settings {(SPS) »

Tiatroe Special Settings
— Lines and Sublines Specification

Param Piece Specification
Optics Piece Specification
Aligz Piece Specfication

4 Undefined Pieces Specification
Untitted Options Specification
Final {Footer) Section

Optimizer Storage Parameters
5 Data Interchange {SPS)
Optimizer Simulation Options

Wite Full Input File and View
Wiite Header {Globals) and View

6 Wite: Lattice {Pieces) and View
Winte: Footer and Wiew
Run input File
6 inp
List Windaws 3
7 QASIS Options

The Lines and Sublines
Specification is used to define
the type of beamline lattice
architecture that will be used in
the Main Input File.  This
specification is important for
any codes that use MAD, SIF,
XSIF, or a similar hierarchical
lattice description.
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Lines and Sublines Specification

Several particle optics codes support, or evenirequ
the use of hierarchical descriptions of beamlines.
Hierarchical beamline descriptions permit seletioh
optical elements to be grouped together, and those
groups to be further grouped, at the desire ofutes.
Computation engines which utilize hierarchical
descriptions generally also support the analysid an
simulation of individual groups. This significantl
improves the flexibility and capability of
computational procedures. Examples of hierarchical
beamline lattice descriptions include:

* Methodical Accelerator Description (MAD),

e Standard Input Format (SIF),

® eXtended Standard Input Format (XSIF), and
* MARYLIE input format

The PBO Lab software fully supports hierarchical
beamline descriptions, providing tools for graphjca
constructing and manipulating lattice groups called
Sublines. The underlying software object model in
PBO Lab provides a number of recursive methods that
implement the visual display of Sublines, readyeasc

to Pieces or Sublines inside of Sublines, aliasihg
Sublines, importing hierarchical lattices, and anbar

of other capabilities useful for the manipulatioh o
hierarchical beamline descriptions.

The Lines and Sublines Specification item on the
OASIS Commands menu is used to integrate these
capabilities with OModule computation engines. This
menu item opens a window like that illustrated in
Figure 68. The default settings for this windove ar
shown in Figure 68, which correspond to nan-
hierarchical description of beamline lattices.
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Representation Options

d
- Beamline Representation— | | Labeling- 7 1 Delimiter - 51— Run-time Vars -
i Mone Requirsd & |Use Pl e Etients DElneated Latels

. . —— Runtime Variables
" Flat Beamline 1 it Gererate Lebisls

1 Hierarchical Beamiine

Eclided Bieces L

— Beamline/Subline Syntax -

| Label Schemes for:
Flat Beamline or
Hierarchical Beamline

\ Label Separators for:
Flat Beamline or
Hierarchical Beamline

Exclude Piece Options for
Flat Beamline or
Hierarchical Beamline

S

Field to Input Syntax Specs

Figure 68. Line & Subline Specification window. —
Syntax Evaluation Field

The first panel (upper left) is used to select afie The None Required selection

three basic Beamline Representation specifications. for Beamiine Representation is

The default is None Required, which is used for izfdufﬁ’lrzgpltl'rfgscc(’)‘:eju‘gﬁ‘r'fehsO:;’

computation engines which do not use a hierarchical

. AW . their input files. Examples of
beamline description. Most other parts of the wind such codes include:

are inactive when the None Required specificat®n i - TRACE 3-D
selected. The example shown in Figure 68 correspond - TRACE
to this case. :mm:&

- RAYTRACE
The Line and Subline Specification window has two - OPTIC
other panels at the top which provide for selecting - TRANSOPTR

different options when the Beam Representation is

selected to be either Flat Beamline or Hierarchical note that a PBO Lab beamiine
Beamline. These two panels are discussed furthercan have a hierarchical
below. For Flat Beamline or Hierarchical Beamline construction on the Model
representations it is possible to exclude any PB® L Shocc of e PO Lab
Pieces, OASIS Comm Pieces, and OASIS OpticS iten in a no_"’nﬁs (None
Pieces from the lattice description by using theltoe Required) representation, if
Pieces button. The other parts of the window, thatis the specification for the
providing for Run-time Vars, a Type Code, and the ©Modul
Beamline/Subline Syntax specification and evalunatio

fields, are similar to those of other OASIS syntax

windows.
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The Flat Beamline selection is
useful for comparing and
testing results for optics codes
that use lines or sublines. It
offers an independent way to
simulate the full beamline on
the PBO Lab Model Space,
which can be compared to
results obtained with using
Hierarchical Representation.

Two runtime variables are
available for constructing the
syntax for Flat or Hierarchical
Representations:

- Comment-Label

- Line-Subline

A Hierarchical Representation
selection is used for optics
codes that require line or
subline definitions in their input
files. Examples of such codes
include:

- MARYLIE

- MAD

- DIMAD

- LIAR

- TEAPOT

-LEGO

No lines or sublines are
utilized for the None Required
selection of the Beamline
Representation. Consequently
no labeling scheme is required,
although the Piece Comments
can be utilized for OModule
user labeling purposes in
individual Piece syntax.

OASIS User Manual

The selection Flat Beamline, for the Beamline
Representation, may be used for codes which require
that the beamline or lattice to be used must be
identified or named, but for which the creator bét
OModule does not wish to provide a complete
hierarchical description to the input file. WheftatF
Beamline is selected, the PBO Lab beamline on the
Model Space of the Document window will be
“flattened” for writing to the Main Input File, thas,

the PBO Lab subline hierarchy will be ignored.
However, an entry for the full beamline will be tten

to the Main Input File, according to the entry het
Beamline/Subline Syntax box. For the Flat Beamline
selection, the runtime variabl€eomment-Label' takes

on the value “LINE_0001" for the entire beamlin#.

can be written to the Main Input File accordingtte
specification entered into the Line/Subline Syritax.

No other line or subline entries will be written ttoe
Main Input File, regardless of whether any PBO Lab
sublines appear on the Model Space. All elements
appearing on the Model Space of the PBO Lab
Document Window will be included in “LINE_0001"
list.

The last option for the Beamline Representation
selection is for a fully Hierarchical Beamline. Wh
Hierarchical Beamline is selected, the full Subline
structure of the beamline on the Model Space of a
Document Window will be written to the Main Input
File. The format is specified in the Line/Subline
Syntax box.

For either Flat (or Hierarchical Beamline) seleasip
the labeling scheme for individual Pieces (and
Sublines) is determined by options in the uppetearen
panel called Labeling. Labeling provides for two
different schemes for labeling Pieces and Sublines.
The first selection in the Labeling panel is to Bsece
Comments, which is the default selection.
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For Flat and Hierarchical Beamlines the labelsasd

to identify individual Pieces must be unique. The
Labeling option titled Use Piece Comments places th
burden of assuring unique labels upon the OModule
user. The labels in a PBO Lab Model will be
assembled into a list, and the list will then bediso
evaluate the Run-time Vatine-Subline' at runtime. |If
the user assigned labels are not unique, thenighe |
will contain multiple entries for the same labelee
when the associated Pieces are physically distiAct.
alternative, and in many ways preferable, apprdach
assuring unique labels is to utilize the Auto Gateer
Labels selection.

The selection Auto Generate Labels becomes adtive i
the Labeling panel when either of the two selection
Flat Beamline or Hierarchical Representation is enad
in the Beam Representation panel. If unique labdab
required for physically different Pieces, then #& i

The OASIS runtime variable
Comment in Piece syntax, as
well as the Beamline/Subline
syntax Comment-Label runtime
variable, take on unique values
for Flat or Hierarchical
Representations when Auto
Generate Labels is selected.
The value for each Piece (or
Subline) is composed of the
first four characters of the
Comment appearing on the
Piece (or Subline) plus an
integer  counter  that s
incremented by one for each
Piece (or Subline).

recommended that the Auto Generate Labels choice be

utilized. The OASIS parser will generate uniqueela
at runtime. The runtime variabl€omment' in any
Piece syntax (e.g. Figures 20, 25) will then evialua
the auto generated label for that Piece. This
"overrides" any text (label, comment, etc.) that an

OASIS divides the Main Input

File into several primary
sections. These primary
sections are designed to

support the input requirements

OModule user may have placed in the Piece Commentfr a large group of particle

field, assuring that all lattice identification kb will
be unique. The same auto generated labels will lbee
used to create a list of labels for théne-Subline’
runtime variable. Individual labels in the listlwbe
separated according to the Delimiter panel selectio

Figure 69 illustrates the Line and Subline Speatfan
window using a Hierarchical Beamline representation
suitable for the MAD computation engine, or anyewsth
computation engine that utilizes SIF or XSIF lagdtic
descriptions, such as DIMAD.

103

optics codes. OASIS uses the
following names for the four
primary sections:

Header

Lattice

Lines

Footer

The Lines section is only used
if the Beamline Representation
selection is: (a) Flat Beamline
or (b) Hierarchical Beamline.



Beamline Representation

— Beamline Reprezentation
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1 Labelipg - 7 1 Delimiter - 51— Rup-time Vars -
{¥ Comma Delinsated Labels

Comment-Labsl
Line-Subline
TypeCode

1 Mone Requirsd i Use Pisce

1+ Auto Generate Labels 1~ Space Delineated Labels

Attributes Selected ?‘imrmmeameamm
Excluded Pieces |

Syntax for MAD-like

Hierarchical Lattice \ i e

Syntax Evaluation Field
(activated with Update button)
Provides Descriptive Feedback
on Attributes Specified:
Hierarchical Beamline
Auto Generate Labels
Excluded Pieces

Figure 69 illustrates an
example of the Line & Subline
Specification window for the
DIMAD-sample OModule. The
various blocks appearing in the
window are described in this
section of the User Manual.
Note that the Update button
provides specific information
on the syntax, rather than the
literal syntax evaluation as is
done for the Piece Syntax that
is described in Section 3.

KoduleName _'_J

|| 1 Tab Delimiter

5 [ser Speciizd — Type Code

I LINE

‘Comment-Label' : TypeCode’ = ('Line-Subling”}

‘Cemment-Label : LINE = {'Line-Sublins}

A Hierarchial Beamline Reprezentation supporting nested Sublines will be-generated.
An Auto-Generated Label will be used in place of the Piece 'Comment’.

The following piece types will be excluded from the Beamiine Lattice Representation:
Beam

Compute Matrices & Anatyze Movement: 'J

Figure 69. Line & Subline Specification window for
Hierarchical Beamline representation of DIMAD.

The Beamline/Subline Syntax input field shown in
Figure 69 is relatively simple:

'‘Comment-Label' : 'TypeCode' = (Line-Subline’)

This syntax, together with the attributes as seteah
Figure 69, will result in a hierarchical lattice
description appropriate for a MAD-type beamline
representation. The syntax supports nested PBO Lab
sublines, with correspondingINE definitions in the
Lines section of the Main Input File.

The Beamline/Subline Syntax evaluation field does n
provide the typical OASIS parser evaluation result.
The runtime variables’‘Comment-Label' and 'Line-
Subline' are not well-defined outside the context of a
PBO Lab Model on which the OASIS parser will
operate. Consequently, the syntax evaluation gesvi
a summary of how the beamline will be represented i
the Lattice and Lines sections of the Main Inpue Fi
Part of this summary includes a list of Excludeddes
which will not appear in the Lines section.
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All Pieces for which OASIS Syntax has been defined
are automatically included in the lattice descopti
whenever the Flat Beamline or Hierarchical Beamline
choice is selected for the Beamline Representation.
may be appropriate to exclude certain Pieces fiwen t
lattice description for some codes. The Excluded
Pieces button is used to incorporate this type of
information into the Beamline Representation. Fegu
70 shows the window that opens when the Excluded

Pieces button is used. _ _
All Pieces with OASIS Module

£ Beamline Exclusions specifications  defined, as
i~ Fieces to Include or Exclude from Lattice Description - i descnbed n SeCtlon 3’ WI”
include Exclude appear initially in the Include

Drif =] Beam =] (left) column. Pieces moved to
Cuad i Compute Matrices & Analvze Movement . .
Solenoid Start DIMAD - Must precede other commands the Exclude (rlght) column will
Bend ’| Cempute R andfer T Matrices & Antyze Beam Motion - . .
SBend == |Hardware parameter values and layout (floor coordic nOt be Ut|l|zed n the LlneS
RBend i Track Beam Matrix Through Elements . . .
Sextupole ,1; LEASt =guares fit - Final Twizs Parameters SeCt|On Of the Ma|n Input F||e.
Octupole . .- . .
RF Gap The individual Pieces may still
RFCavi - - - -
o be written in the Lattice section
i (depending upon their syntax),

but will not have an Auto
Generated Label.

Note in Figure 70 that the
DIMAD Comm Pieces have
been excluded. DIMAD
commands appear after the
Lines section of the Main Input
File and so have been moved
from the (default) Include
column to the Exclude column.

Figure 70. Beamline Exclusions window for selegtin

Pieces to be excluded from the Lines sections ef th
Main Input File when using a Flat or Hierarchical
Beamline representation.

Excluding a Piece from the lattice description ngan

that the Piece wilhot be assigned an Auto Generated An example of a hierarchical
Label (if that attribute is selected) and entry will beamline in the Main Input File
appear in the Lines section for that Piece. Thed®i ° d'SCU?SE.d o thiﬂne’“ Ithree
may still have an inline entry in the Lattice sentiof pages ol fis Lser Manual
the Main Input File, if the Piece has a syntax gyt

but it will not be used in the hierarchical destap.
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The Small Static Storage Ring
example is an 800 MeV proton
ring that illustrates a multi-level
hierarchical beamline.

Alias Pieces & Alias Sublines
form a part of the PBO Lab
graphical beamline  object
model. Any Alias is identified
visually by the red A which
appears in the upper left part
of the icon for the Piece or
Subline. An Alias points to an
original (often unique) Piece or
Subline. (The Alias does not
contain a copy of the original's
data, but contains a pointer to
that data as well as possible
deviations.)

OASIS User Manual

Pieces that are to be excluded from beamline éattic
descriptions are moved from the Include (right}He
Exclude (left) column. Select (with the mouse) any
Piece appearing in the Include column that is to be
excluded from beamline lattice description. The
selected Piece will become highlighted. Then hee t
top arrow button in the middle of the window to raov
the selected Piece to the Exclude column. Rewubaese
procedure to move a Piece back to the Include aolum

It is instructive to illustrate an example of howBO
Lab beamline with nested sublines will appear ia th
Lattice and Lines section of the Main Input Fileemh
using the DIMAD-sample OModule. Figure 71 shows
a PBO Lab Model ("2.5 Small Static Storage Ring")
together with a view of the nested sublines.

The storage ring PBO Lab model illustrated in Fegur
17 has two sublines at the "top level" or firstdeof
hierarchy. The first subline has the Comment "half
and describes one-half of the ring. The secondrsub
in the first hierarchical level is an Alias sublinas
indicated by the red in the upper left corner of the
subline icon. This Alias subline represents amtidel
duplicate of the original "half" subline, and hdee t
identical Comment "half". The "half" subline,
representing the second level of the hierarchytsedf
composed of five other sublines. These includeehr
"unique" sublines labeled "nsex", "tsex" and "lsex"
which are named after the type of sextupole caorect
element in each. There are two "nsex" Alias s@slin
in the "half" subline as well. The third level of
hierarchy is where the individual optics elements a
located. These include drifts, quadrupoles, bends,
sextupoles and Aliases to the various unique elé&énen

Figure 72 shows the Lattice and Lines sectionshef t

DIMAD Module Main Input File ("DiMadinput) that
corresponds to the example storage ring.
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File Edt View Commands Tools Tutoral

froe e =1 ) 3¢ 0l B8] ¢ ]

= Globals. 1 Tracing/Tracking 1 Floor Coordinates
Particle Charge I‘W o 1.0000 930000 ©
— Particle Mass I 938272310 . !ME‘.I' _LI G5110  222e+005 &
f Beam Energy 173?_000003 iMEV -:J 00010 1.00e+010 &
& Beam Current I 0000000 .lm,-:\mp LI 0.0000  1.00=-007
§§ Frequency I 425.000000 1r.1Hz ;] 2.0000 G.00e<004 @
e NMaximum Step Size [o-100000 B 7] om0 10000 Top Level Has

2 Sublines:
2 "half" Rings

Storage Ring _1|
Model:

2" "half" Ring is an
Alias (A) of 1% "half"

| | | 79 Pieces —|
HE e !EI
_ Fle Ed '
Top Level Subline: | Second Level Has
Half of Full Ring — 5 Sublines:
SUBLINE SUBLINE SUBLINE 1 each "tsex" & "Isex"
nsex tzex lzex
4
S | : ' 2" & 3" "nsex" are
: —_— Aliases (A) of 1* "nsex"
File  Edit
, |
Third Level Has All
—| ez || <m7 | |—|fz2| vidual Pieces:
Drift . Quad i it i ReétangulurBena ) Drift Guad i Drift i Ind|V|dUaI Pleces.
dr1 ) hdg ) drs ) bend dr hig ) dr1 - Drlfts’ Quads’ Bends’
d | 28 Subline Windo B [=] 3 Sextupoles & Aliases

Comment: insex e |

& | el la— AQ ? — | [les] |—
| maE |- Bl Mz .

Drift Quad Dritt Rectangular Berd Drift Sent Drift

drl hdg drz

bend Vs hcs drml
KIS bline Windo i [=] E3
: - Fle Edit
Comment: itsex e
'S
\4
= &Vg e W )K y e
S| - | - = = RE = N
Drif Sext. Dirift fuad rift | |Rectangular Bend Dritt duad. Drift
drmi VCE drvs hdg drz bend drs hig dri
<] | o
Comment: !Is&x

Figure 71. PBO Lab storage ring model with nestdalines.
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Lattice Section Includes All
Unique (non-Alias) Pieces

Lines Section Includes All
Nested Sublines and Full
Beamline (LINE_0001)

Manual
Section

OASIS Madule Specfication
Module /0 File Specification
Global Parameters (Header)

Command Specification

-Special Parameter Settings {(SPS) »
Tiatroe Special Settings

Lines and Sublines Speciication

Param Piece Specification
Optics Piece Specification
Aligz Piece Specfication

4 / Undefined Pieces Specification

Untitted Options Specification
Final {Footer) Section

Optimizer Storage Parameters
Data Interchange {SPS)
Optimizer Simulation Options

Wite Full Input File and View
Wiite Header {Globals) and View
Wite: Lattice {Pieces) and View
Winte: Footer and Wiew

7

The Alias Piece Specification
is used to define how Aliases
will be written to Lattice section
in the Main Input File. This is
described later in this Section
User Manual. The
DIMAD OModule uses default

of the

Ruri input File

List Windaws 3

QASIS Options

specifications for Aliases.
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EE DiMadinput EiE=
Fle Edt Fort

DR1_0002 . DRIF, L=2 286460E+000

HDQ_ 0003 : QUAD, L=5.000000E-001, K1=-3.943202E-001, APER= &

1.000000E+000, TILT=0.000000E+000

DES_0004 : DRIF, L=4.500000E-001

BEND_0005 : EBEND. L=2 . 549475E+000, ANGLE=3 . 600000E+001. Kl= &
0.000000E+000, &

TILT= 0.000000E+000, Hi= 0.000000E+000, HZ2=0.000000E+000, HGAP= &
1.000000E-022, FINT=5.000000E-001

HFQ_000& : QUAD, L=5.000000E-001, Kl=6. 428241E-001, APER= &
1.000000E+000, TILT=0.000000E+000

DRVS_ 0007 ;. DRIF, L=3.000000E-001

HCS_ 0008 : SEET. L=5.000000E-001, K2=5.442441E-001, APER= & i
1.000000E+000

DEML_0009 : DRIF. L=1.486460E+000

¥C5_ 0010 : SEET. L=5.000000E-001. K2=-1.028929E+000. APER= &
1.000000E+000

ISEX_ 0005 : LINE = (DRML 0009, VCS_0010, DRVS 0007, HDO 0003, &
DRS 0004, BEND_ 0005, DRS 0004, HFQ 0006, DR1_0002)

TSEX 0004 - LINE = (DR1_0002, HDQ 0003, DRS 0004, BEWD 0005, &
DRS 0004, HFQ 0006, DRVS_0007, HCS 000%. DRMI 00093

NSEX 0003 : LINE = (DR1_0002, HDQ 0003, DRS_ 0004, BEND 0005, &
DRS 0004, HFQ 0006, DR1_0002)

HALF_ 0002 : LINE = (NSEX_0003. TSEX 0004, LSEX_ 0005, NSEX 0003, &
NSEX_0003)

LINE 0001 : LINE = (HALF_ 0002, HALF 0002}

v
4| 1 v

Figure 72. Lattice and Lines sections of the DIMAD
sample Main Input File (DiMadInput) for the storage
ring model with nested sublines shown in Figure 71.

The Beamline/Subline Syntax shown in Figure 69 was
used to create the DiMadlnput file illustrated igu¥e

72. This simple storage ring consists of nine (9)
unique optics elements (4 drifts, 2 quadrupoles, 1
rectangular bend, and 2 sextupoles). The Auto
Generate Labels attribute (Figure 69) creates the
unique labels for these Pieces: DR1_0002, HQD_ 0003,
DRS_0005, BEND_0005, HFQ_0006, DRVS_0007,
HCS_0008, DRNL_0009, VCS_0010. These labels
appear in the Lattice section of the DiMadInpu.fil

Each of the sublines appearing in Figure 71 is
represented by a MAD-type LINE statement in the
DiMadInput file. As with unique Pieces, the Auto
Generate Labels attribute results in unique labais
each of the four (4) non-Alias sublines: LSEX 0005
TSEX 0004, NSEX 0003, HALF_0002. These,
together with the full beamline label LINE_000l1gar
used in the Lines section of the DiMadlnput filerp
the syntax specification shown in Figure 69.

108



OASIS User Manual

Custom Parameter Piece =20

An OASIS Param Piece is available to create a Pisce
customized parameter-like Piece for an OModulee Th _

tom Param Piece can be used to create simple "© OASIS Param Plece can
cus . . . pebe used to mimic custom
beamllne e|ementS Wthh USG nO mOI’e than elght (8) e|ements, Commands’ or other
parameters. However, the Param Piece will be Bpeci  functions appropriate to a
to the OModule. Unlike the standard (built-in) PBO  particular OModule.
Lab Parameter Piece (discussed in Section 3 of this
User Manual) a custom Param Piece will not be gection

supported by other PBO Lab Modules (except as an ORSiS Hodus Spesiicaion
undefined Piece). 2 [ e e

Command Specification
-Special Parameter Settings {(SPS) »

The procedure for creating a custom Param Piece is * e
- - - - INES S UDINES SpeChICation
similar to that described for the creation of Comm —— . . . . .
Pieces (discussed at the beginning of Section d). T e T

initiate the creation of an OASIS Param Piece,csele 4 S eed Bt < Se ik o

. . . . Untitted Options Specication
the menu item “Param Piece Specification” on the Final (Footer) Section
OASIS Commands menu. This will open an OASIS . @ Shccie™
Param Piece Specification window which is illustcht e T e
- - £ Tl inp € an 1EW
N Flgure 73. Wite Header (Globals) and Vew

OASIS User Piece Specification 6 x;: ﬂ::::‘;?:r”d ey
0K | 6 Run input File
List Windaws ]
ﬂl 7 T @SOpﬁons

Enter a Name for the Piecs :

The OASIS custom Param
| Piece is different from the
standard PBO Lab Parameter
Figure 73. Param Piece Specification window. Piece.

. . - . . The standard (built-in) PBO
Like the Command Piece Specification window, the |~ o°° o o can be

Param Piece Specification window requires only ON€ used to provide support for
entry: a name for the Param Piece. The namergsbig codes such as MAD that utilize
will later appear (for the OModule user) in a laft parameter e'eme”ts-_b_l'_” Ofd_er:

H H H H to maintain Compatl ||ty wit
Pargm Ple.ces avallable to the underlying compurtatio other PBO Lab and OASIS
engine. Figure 74 illustrates an example for DIMAD \oqules. the built-in PBO Lab
with the name: Parameter Piece should be

Horizontal or Vertical Kick used for that functionality. (See
Section 3 of this User Manual.)
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The standard (built-in) PBO
Lab Parameter Piece s
patterned after the use of
PARAM lines in MAD-style
input files. The built-in PBO
Lab Parameter Piece, rather
than the OASIS custom Param
Piece, should be wused to
provide similar support for an
OModule. See Section 3.
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DASIS User Piece Specification

O |
Cancel |

Enter & Name for the Piece |

i Horizontal or Vertical Kick

Figure 74. Param Piece Specification
window with name assigned for the Piece.

Once a name for the Param Piece has been enteeed, t
OK button is used to create a Param Piece with this
name. The newly created Piece will appear in the
lower left region of the Work Space of the Module
Specification Document. This is the same location
where newly created Comm Pieces appear (see Figure
55). Move (Shift-drag) the new Param Piece to the
Model Space of the Module Specification Document.
Remember,only Pieces located on the Model Space

are used during runtime of an OAS S Module. Double
click the Param Piece icon to open tlimede Name]
Parameters Specification window, illustrated inurey

75.

&3 Horizontal or Vertical Kick Parameters Specification

Window Title
(With Assigned Piece Name)

Buttons for:
Defining Command Syntax

Defining Parameters

Piece Parameters

(Initially undefined)

Param Piece Comment Field

\! param

ASIS i befine Parameters i |
e 4
‘arameters Value Units Guidance Limits
o User Parameter 1 I 0.000000 -INF IHF
i lUzer Parameter 2 0000000 -INF INF
| User Parameter 3 [ o.000000 -INF INF
5 User Parameter 4 [o.000000 -INF INF
5;£User Parameter 5 0.000000 -INF INF
p 5 User Paramster 6 0.000000 -INF IMF
5 User Parameter 7 i 0.000000 i -INF NF
5{User Parameter & [ 0-coaoco -NF 3
Comments:

Figure 75. Horizontal and Vertical Kick
Parameters Specification window.

The main features of the Parameters Specification

window have similar functionality to the corresporg
features of a Comm Piece Spec window (Figure 56).
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There are a few differences between an OASIS Comm
Piece and an OASIS Param Piece. First, the OASIS
Param Piece has no tab panels comparable to those
available on a Comm Piece (Figure 56). Consequentl
the Parameter Specification window (Figure 75) i@as
tab pages and no field for entering names for tab
panels. This limits the number of parameters gintei
(8), rather than the twenty-eight (28) availableato
Comm Piece. Second, only real parameters areadili
with the OASIS Param Piece. This is apparent in
Figure 76 which illustrates the Define Parameters
window for the Param Piece. In contrast, the OASIS . :
) . ) indow Title (Includes
Comm Piece supports integer, real and string (text} assigned piece Name)

parameters (Figure 57).
Parameter Selector

i Select Parameter

Update Selected Parameter . / Param eter Name
User Parameter 2 .
User Parameter 3 |nput Field

Parameter Name Value Units Guidance Limits Defau|t Va|ue |nput F|e|d
| Horizontal (0) or Vertical (1} | | 0.000000 none = o IE — Units Type Selector
'\'\ Default Units Selector
Figure 76. Define Parameters window for the Upper & Lower Guidance
Horizontal and Vertical Kick Param Piece. Input Fields

Parameters are defined following the same procedure
as described for defining arguments of a Comm Piece
The Select Parameters list is used to choose a
parameter associated with a given internal nante (e.
User Parameter 1). The parameter internal name wil
then be highlighted, and a parameter name, default
value, units type, default unit, and guidance knzan

be entered. The Update Selected Parameter bwtton i
used to record and store the parameter attributes.

When the Update Selected Parameter button is
selected, the parameter name, default value, defaul
unit, and guidance limits will appear in theigce
Name] Parameters Specification window.
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PH Horizontal or Vertical Kick Parameters Specification
/ 0;\5|si Define Parameters i |
Window Title

(With Assigned Piece Name) 5| Horizontal (0) or Vertial (1 [0 000000 | 00000 1.0000
5 Kick Value i 0.000000 ! rad L! -o01n ]
3 Piece Parameters Defined 5" Rotation (Rolly Angle taka tit)[ o ooooon ’Degreea _:! “1B0.0000  180.0000

But:
S Buttons Not Yet Selected
(S not yet red, no green dots)

<l User Parameter 8 00 -INF INF
Default Comment Entered \:* [ 0-000000

Comments:

!impuls&kick

Unlike the OASIS Comm Piece
discussed at the beginning of
Section 4, and the OASIS
Optics Piece discussed next,
the parameters of the OASIS
custom Param Piece are not
automatically  assigned a
Symbolic Parameter Name.
The OModule developer needs
to select the S button, to the
left of each defined parameter,
in order to make the Symbolic
Parameter Name assignment.

Note: If a Symbolic Parameter
Name is not assigned to a
parameter, that parameter will
still appear in the Param Piece
window of the OModule.
However, the parameter will
effectively have no impact
since such a parameter cannot
be used in constructing the
Piece syntax.
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Figure 77 shows the Horizontal and Vertical Kick
Parameters  Specification window with three
parameters defined for the DIMAD-sample OModule.

Parameters Value Units Guidance Limits

5/ User Paramster 4 0.000000 e "
5U3&r Parameter 5 W -NF INF
Séf_User Parameter & TW o o
3 Uzer Parameter 7 I-U-UM_ i "

Figure 77. Horizontal and Vertical Kick Parameters
Specification window with three parameters defined.

The Special Parameter Settings (S) buttons neée to
selected for each parameter in order for the paemne
to be used in the syntax specification. The Sodoutt
opens a Special Parameter Settings window sinolar t
that illustrated in Figure 78.

i User Parameter 1

Symbolic Parameter Name: ! OASISPECE1SS

OAZIS ! Optimizer

v Use Horizontal (0} or Vertical (1) in theze Units I #I
¥ Usze this Parameter in these Unita. Parameter KeyWWord | l

= Multipy by Scale Factor:

€ Modify with Formula; ;L ceALsl )

Figure 78. Special Parameter Settings - User
Parameter 1 window for a Param Piece.

Once Symbolic Parameter Names are assigned for the
desired parameters, the OASIS button on the paesimet
specification window (Figure 77) opens the syntax
window for the Param Piece.
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Figure 79 illustrates a completed syntax speciboat
window for the Horizontal or Vertical Kick Param
Piece utilized in the DIMAD-sample OModule.

EH Input Syntax for Horizontal or Vertical Kick Parameters Specification

Variable | Parameter Name | Units | Scale [ Expression ﬁ]
'OASISPIECETSS | Horizontal (0) or Vertical (1) :

“Rotation (R {aka it} |

TypeCode
Comment

Sequence i
Sequence++ 1
Sequence— ;J

OAS] CE157

— Syntax for Horizontal or Vertical Kick Parameters
|'Comment’ : IFPOASISPIECE1SSVKICKEndIFIfNot"CASISPIECE1SSHKICKEndIf, L=0.0, KICK = "OASISPIECE156", & fk
TILT = "0ASISPIECE1ST - i
o

IMPULSE_KI : HKICK, L=0:0, KICK=0.000000E+000, &
TILT = 0.000000E+000

T Dperators ; = = > = |
) | I ) T |l | (Ve 1 I | Sl | ]|
+ | sorT| [toc| cos| _sm | _TAM | | | gosathy |

Figure 79. Input Syntax for Horizontal or
Vertical Kick Parameters Specification window.

The example syntax illustrated in Figure 79
corresponds to an XSIF kicker element of zero lengt
The length is fixed to zero by the-0.0 entry in the
syntax field. The assigned default comment fos thi
Piece is "Impulse kick" (Figure 77), reflecting thero
length. An extra length parameter could have been
added to the Defined Parameters in order to provide
support for a finite length kicker. However, fanife
length elements it is recommended that an OASIS
Optics Piece be used. The OASIS Optics Piece has
more functionality than the OASIS Param Piece, Wwhic
can be useful for other parts of the PBO Lab gregihi
framework. The OASIS Optics Piece is described
next, but first Figure 80 is presented that inctudther
examples of OASIS Comm Piece usage. The examples
in Figure 80 are for the PARMILA-2 Module.
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EE jnput Syntax for a-Scale All Quad Gradients Specification

arable | Parametertame | Unfs | Scale
DASISPIECEYS3 | TankMumber(1ifnotDTL) | none | 100000
GLOBALESD Particle Charge | none 100000
- cloBALsa2 Beam Energy MeM | 100000
GLOBALS34 | Beam Current (Trajectories) | mAmp 1.06000
—Syntaxfﬁrﬂ-ScalBAuw =Nt
|CHANGE1 ‘OASISPECE1E3 ‘OASISPECE1SS b
CHANGE 1 1.000000 1.000000 ]
BB Input Syniax for c-Set Length of Quad Group Specification
- T —— = e | 7 Run-timeVars ———
Varble | ParameterName | Unis | Scale | Expression Y [ :
"DASISPECE163 | Effective Length of Quads em | 1.00000 ; b il 3‘
Sequence i
OASISPIECET8S | Cell Number of Last Quad | none 1.00000 : Seguence++ :
Sequence— :]
_“_I _‘_I GLOBALE3D Particle Charge none | 1.00000 :
_* | semr| —TypeCode—
| cLosasm Beam Energy | mew 1.00000 I
-
(a) —Swtmfm&SBTLEnmbbfmm Grr.iup
|CH,-\NGE3 “OASISPIECE1E3 ‘OASISPECE164 ‘OASISPECEIES ‘OASISPECE1SS' |
[CHANGE 3 2540000 1000000 1.080000 1.000000 H

BB Input Syniax for f-Scale All Design Feld Amplitudes Specification

Variable | Parameterame | Unts | Seae | Expression
DASISPECE1TS | Tank Number (1 if not DTL) none | 1.00000
GLOBALSE0 Particle Charge | none 1.00000
| GLOBALS3? Beam Energy MeVM | 1.00000
— Type Code
GLOBALS34 | Beam Current (Trajectories) | mamp 1.00000 I
-
(b) —Syntax for f-Scale All Design hehim; i
|CH,-\NGEB “OASISPIECET7S ‘OASISPECETTS'

QHM;GEB 1.000000 1.000000

~ Operators.
o | el U ey N | el (e |

s _saAT | ltoe] c_o'szl_ i __'Tiiﬁ.i | | i ginathy |

(€)

Figure 80. Input Syntax for some PARMILA-2 custéaram Pieces:
(a) Change Type 1, (b) Change Type 3 and (c) Chagpge 6.
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Custom Optics Piece Specification =

OASIS provides for the definition and specificatioh OPTIS
additional optics elements that are not includethim
standard set of PBO Lab Pieces. Whenever possible™e OASIS custom Optics
the PBO Lab standard Pieces should be used forE)'f(;z;’Igzvfii:fmrrzee‘;higfg
defining optics components, as described in Se@&ion  glement to an OASIS Module.
of this manual. Because all other optics codes
available as PBO Lab Modules utilize the standard When available, an existing
Pieces as well, comparison of results between ®ptic Ef?lsjb fz'recsfaizc;‘;';d s;"rvtgz
codes is easy. However, in some cases an additiona ptics elements in order to
Piece is needed to fully support the capabilitifsao  maintain compatibility  with
particular optics code. The OASIS Custom Piece can other PBO Lab and OASIS
be used to create such a new Piece for use witvea g~ Modules- See Figure 53 for a
. summary of existing Pieces on
OASIS Module. The procedure for creating a Custom y,c pgo Lab Palette. The
Piece is similar to that used for creating Comnt&3e  0ASIS Optics Piece can be
as described at the beginning of Section 4. This used for adding specialized
discussion will illustrate the procedure by stegpin ©Plcs elements unique to the

- OModule being developed.
through a specific example J P

. . Manual
Wien Filter Example for PSI-TRANSPORT Section
The first step in defining a User Piece is to assig o edkelo e s

Global Parameters (Header)

Name to the new Piece being created. Using the m———
OASIS Commands menu select the item: Optics Piece 4 Jeofesee e »

Tiatroe Special Settings

Specification. An OASIS Piece Specification name e
assignment window will open. Type in the name for 5 s oercen
Aligz Piece Specfication

the Optics Piece being defined. Figure 81 shows an 4 Undefined Fleces Specficaion

example with the name for the new Piewsn Filter. T
Optimizer Storage Parameters
5 Data Interchange {SPS)
0OASIS Piece Specification Optimizer Simulation Options
Wite Full Input File and View
die | Wiite: Header (Globals) and View
6 Wirite Lattice {Pieces) and View
Cancel | Write Footer and View
Enter a Name for the Piece | 6 Rin input File
= - List Windows ]
i';'\flen Filker 7 = ES e ——
Figure 81. OASIS Piece Specification name The OASIS custom Optics
window for a Piece to be called Wien Filter. Piece setp starts with the
Optics Piece  Specification
menu item
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The named OASIS Piece must
be dragged to the Model
Space in order for it to be
recognized as a valid piece in
the OASIS Module. It is not
necessary to keep the original
copy of the piece on the Work
Space.

Window Title

(Assigned Piece Name) Space.
BE Wien Filter Specification

Buttons for:

/uwsi Define Parameters | ‘
Defining Piece Syntax ab Fage 1 |_—» tabragez |

Defining Piece Parameters W
| Paramcters Value Units
Command Tab Pages  User Parameter 1 Toonen -NF INE

(Titles definable)

Tab Panel Title Input Field

OASIS User Manual

After the name for the new Piece has been entered,
select the OK button. The window shown in Figute 8
will close and an Optics Piece icon will appeartoa
Work Space. Move (shift-drag) the Optics Piecéhto
Model Space. Double clicking on the Optics Piece
icon opens a Piece specification window that isiuse
define parameters, specify syntax for the Main tnpu
File, and complete other steps similar to those
described at the beginning of Section 4 for OASIS
Comm Pieces. Figure 82 shows the Piece specdicati
window for the “Wien Filter” Piece created as
illustrated in Figure 81. Descriptive text has ree
entered into the Comment field. This default comime
will appear to users of the OModule whenever a Wien
Filter Piece is placed on the Work Space or Model

Tab Page 3

/v i

/PI_Eﬂt Page 1

Guidance Limits

Optics Piece Parameters
(Initially undefined)

Optics Piece Default Comment

The Define Parameters button
in the button bar at the top of
the Optics Piece specification
window is used to open the
Parameter Definition window
for the Optics Piece.

&, User Parameter 2 SN INF
y 1 User Parameter 3 -INF INF
> i User Parameter 4 INF INF
> <, Uzer Parameter & -INF INF
+ Uzer Parameter & INF INF
i
b o Uszer Parameter 7 -INF INF
. UserParameter 8 -INF INF
:

Comments:

p i WIEN - thiz iz a first order only optice element

Figure 82. Wien Filter Specification window for
defining parameters and syntax.

To start the specification of the Wien Filter paeders,
select the Define Parameters button located in the
button bar along the top of the Piece specification
window. This will open the Parameter Definition
window for the parameters appearing on the frort Ta
Page.
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There are eight (8) parameters available for cefimi

Initially, each custom Optics

on Tab Page 1, and ten (10) each for the other tapPiece  contains  generic

pages. The Wien Filter described here is beingeef
for the PSI-TRANSPORT OModule, and only two
parameters are needed: the Effective Length aad th
Magnetic Field Strength. Figure 83 shows Define
Parameters window with the input, or attribute
assignments, completed for the first parameter.

Uszer Parameter 2 : m
User Parameter 3 2
User Parameter 4 _:_I = |

[~ Defing Attributes for Selected Parameter

Parameter Name Value Units ‘Guidance Limits

Length
lEffsdiwe Length 0100000 m

Ll

I 0.000000 3.000000

Update Parameter |

Figure 83. Define Parameters window for specifying
the Wien Filter first parameter, Effective Length.

Parameter attributes that need to be assignedhare t
Format, Parameter Name, the default Value, thesUnit
type and default units, as well as Guidance Limits
(optional). Three Format types are available: |Rea
Integer, String. The Units type is selected thiothe
upper pop-up under the Units heading. The selectio
"Length" has been made in the Window illustrated in
Figure 83. (A view of Units types available is
illustrated on the following page.) Once the Uiyise

Is selected, then the default units are selectma the
choices in the lower pop-up. The default Valuahsaf
parameter, and the optional Guidance Limits, must
have numerical values appropriate to the selected
default units. PBO Lab Users of the OModule wél b
able to select different units for their input,tjas for
any other PBO Lab Piece. For the Wien Filter eXamp
shown in Figure 83, the default units for thiective
Length are metersnf).
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parameters that can be
configured as required. This
includes formatting and
naming the parameters,
specifying  default  values,
selecting a units type and
default units, as well as
specification of lower and
upper guidance limits.

Format selection choices
for Optics Piece parameters

The  Parameter  Definition
window  allows individual
parameters to be selected and
provides input fields for the
specification of the parameter
attributes: name, default value,
units type, units choice and
limits. Once accepted, the
selected parameter is updated
directly in the named Optics
Piece Specification window.
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At least one parameter must be specified, and up to
twenty-eight (28) parameters total may be specified
for each custom Optics Piece. The Update Parameter
button in the Define Parameters window is used to
accept the parameter attribute inputs.

The second parameter for the Wien Filter example
described here is the Magnetic Field Strength.uiféig
84 shows the assignment of the attributes for the
magnetic field strength parameter nameckrtical (y)
Magnet Field". For this magnetic field parameter, the
Units type is MagField" and the default Units are
kilogauss kG).

P% Define Parameters for Wien Filter Specification Piece

— Select Parameter -

User Parameter 1 - — Format -

EVcitzPerLen

Units type menu, for use in
specifying any real (non-
integer) parameter units, with
the MagField choice selected.

Individual units available for
Units Type: MagField

5 = ;
:rﬂ HSFErLuHEI Uzer Parameter 2 [ | ———
Afomicliass User Parameter 3 ! i ]
ECharge — | User Parameter 4 _:_I B !
EVoitage . !
Freou .-_I;r- cy [~ Define Attributes for Selected Parameter
|;,|rﬂ;t5 Perfre: Parameter Name Value Units ‘Guidance Limits
P |MagFied =
Uuriag.e | Vertical (y) Magnstic Field | [ 1.002-008 kG x| | -3.000000 3.000000
FisldGrad
Emittance
Vo ItEPEF.-"w'rE"E. Updats Parameter |
ZEmittance
Betallnitz . . ] L
Betalnis Figure 84. Define Parameters window for specifying
RMSEmittance

the second parameter, Vertical (y) Magnetic Field.

When the Update Parameter button is selected, the
attributes for the currently displayed parametez ar
added to the Optics Piece definition. The pararaete
are automatically updated in the Piece specifioatio
window each time the Update Parameters button is
used. Default Symbolic Parameter Names, for use in
the Optics Piece syntax, are also assigned when the
Update Parameter button is pushed. Figure 85
lllustrates the Wien Filter Piece specification domv
after the two parameter definitions, Effective L#ng
and Vertical (y) Magnetic Field, are completed.
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onSted e Parametes |

Tab Page 1 1 Tab Fage Tab Page 3

Tab Pags Thie [Tao Page | Button for Syntax Specification
Parameters Value Units Guidance Limits
s Effective Length [0.100000 [rn ] 0000 20000 @
.5.:5Vertical(y} ltagnetic Field I1_gggggs_gge lkg _._j 3,001 3.0000 @
it = I~ Two Parameters Defined and
iRt il il Available for Syntax Usages
e i il (red S buttons and green dots)
v User Parameter 6 -INF INF
”: User Parameter 7 -INF INF
,‘ User Parameter 8 -INF INF
&r.:mmenhs:

i WIEN - thiz iz a first order only optics element

Figure 85. Wien Filter Specification window shogin
two defined parameters, ready for syntax speciGoat

Similar to the Comm Piece functionality, default As with al PBO Lab Piece
Special Parameter Settings (SPS) including the specifications, there must be at
Symbolic Parameter Name are automatically assigned ' one. oples | Pleee
when the Update Parameter button is used (Figure 8323??0?? par;ffe'?e?e Nameé
or 84). This is clear in Figure 85 by the rexi buttons Default  assignments  for
to the left of each parameter. If the default SPS Symbolic Parameter Names
attributes need to be modified for a parameterplsim 2 g’i‘:‘e plgr;r:setsefss:{:anc?:;v
select the "S" button appearing to the left of the .. oo cier with a symbolic
parameter to open the Special Parameter SettiftfS)(S  parameter Name may be used
window. Figure 86 shows the SPS window, with inthe Piece syntax.

default settings, for the Effective Length paramete

ESDecid Parameter Settings - User Parameter 1 [ %]

i User Parameter 1

Symbolic Parameter Name: l OPECE128

OAZIS ! Optimizer

¥ Use Effective Length in theze Units I m #I
{* Uze this Parameter in these Unita. Parameter Keyiord | l

= Multipy by Scale Factor:

" Modify with Formula; I lz'“ :_!

Figure 86. Special Parameter Settings (SPS) window
for the Effective Length of the Wien Filter Piece.
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RLambda
mm
crn

ke

inches
fest

Individual units available for
Units Type: Length

It is sometimes useful to get a
parameter in different units
(e.g. cm) and then scale by a
factor (e.g. 0.01) to utilize the
parameter in certain units (e.g.
m), even though those units
are available directly. This will
exclude the Special Parameter
Setting (SPS) attributes from
that particular parameter.

Once the Optics Piece
parameters have been
specified, the Optics Piece
parameters are used, like the
parameters in any other PBO
Lab Piece, in a syntax
specification to define the
native instructions that will be
generated when a Piece of this
named type is encountered in
a PBO Lab beamline model.

OASIS User Manual

The parameter nameJder Parameter 1) appearing in
the SPS window is what is used internally by OASIS
for storing and manipulating the parameter's attasb,
including the parameter's name. The “Effective
Length” parameter is the name attribute that was
assigned to User Parameter 1 of the OASIS Piece
named “Wien Filter.”

For the Effective Length parameter of the Wienefjlt
the SPS window shown in Figure 86 provides a choice
of units for use when retrieving this parameteg.(ér

the syntax used to write the Wien Filter lines e t
Main Input File). Figure 86 shows the selectioriraf

-- the same as that used for the default unitswéver,
these need not be the same, when for example the
optics code needs the parameter in meters in the Ma
Input File, but a more convenient choice for ussrs
the OModule, such as centimeters (cm) or inches (in
IS more appropriate.

The same Special Parameter Settings (SPS) atibute
selected for the standard PBO Lab Pieces (Figuye 65
are also available for Optics Pieces. Howevelt,liks
regular PBO Lab Pieces, if the Modify by Scale Bact
or the Modify by Formula option is used, those
attributes will not be available to that Optics d&e
parameter.

The final step in defining the Wien Filter is toesfy

the Piece syntax needed by the PSI-TRANSPORT
code. The OASIS button in the Wien Filter Piece
specification window (Figure 85) is used to open an
Input Syntax window. The procedure for specifying
the syntax is the same as that used for any otleee P
used by the OASIS Module. The procedure is
described in detail, with several examples illustain
Section 3 of this manual. Figure 87 shows the tinpu
Syntax for Wien Filter window.
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BB Input Syniax for Wien Filier Specification

Variable | Parametertiame | Units Scale Expression g =
OPECET27 | Wertical (v) Magnetic Fiekd WG | 1.00000 : 'Csu"i:ni::f
GLOBALS| Particle Ifass Me\: 1,95695
GLOBALS2 Number of Macro-Particles - nons | 1.00000
GLOBALSTS | BeamCurrent (Traiectories) | mAmp | 100000
— Syntax for Wien Fiter

TypeCode' "OPIECE128" "OPIECE127T COM"Comment™COM'

[Z1.8 0100000 0.000001 AWEN_THE_V

-~ Operators
Gt e e T e e (N el T ] e |

# | sorT| toc| _cosi _si| TAN | | | gmathy |

Figure 87. Input Syntax for Wien Filter Specificat
window used for specifying how the Wien Filter
parameter data is to be written to the Main Inpilg¢ F
(FORO0O01.dat) for the PSI-TRANSPORT code

The PSI-TRANSPORT type code for the Wien Filter is A syntax specification must be
21. This Type Code is entered into the Input Synta defined for an OASIS custom
window. The Type Code, the two parameters Vertical OPtcs Piece. — Otherwise,
; h . . nothing will be done with the
(y) Magnetic Field and Effective Length, and PieCe e parameters when
Comment are included in the Syntax for Wien Filter ysers utilize the Piece in an
Piece. The Update button must be selected to ticcep OModule.
(and store) the syntax. Selecting the button algb
display the syntax evaluation reSl_JIts in the onz_mne,_ Note: A Wien Filter Piece may
for the parameter values appearing in the WierelFilt e added to the PBO Lab
Specification window (Figure 85). See Section B fo Palette in a future release.

further information on specifying syntax.
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Wite and Run FOR00T DAT
PSI-TRANSPORT Plot Specification

White and Miew FORODT DAT
View FORCGOT.DAT
Bun "FOREN.DAT

PSI-TRAMSPORT Command Pieces
PSI-TRANSPORT Farameter Pisces
PSI-TRANSPORT Optics Pieces
PSI-TRANSPORT PEO-Lab Fieces

Pupeilizry Input
List Windows

PSI-TRAMSPORT Options

ltems appearing on the
Commands submenu for an
OModule can depend upon an
OModule’s specifications, as
developed in the OASIS
Module Builder. They may be
different than those illustrated
above.

Defined OASIS custom Optics
Pieces do not appear on the
PBO Lab Palette Bar. Instead,
they appear in a window that
lists all custom Optics Pieces
that have been defined for use
with that OASIS Module.
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What the PSI-TRANSPORT OModule
User Seesfor the Wien Filter Piece

This short section provides a summary of how a user
will utilize an OASIS Optics Piece, specificallyeth
Wien Filter described in the preceding sectiomea®r

she interacts with the OModule developed for thé PS
TRANSPORT code. It is the type of material that
might appear in a user manual for the PSI-
TRANSPORT OModule, but should prove illustrative
of the Optics Piece capabilities to developers ASCS
Modules.

When a PBO Lab user opens a new (or existing)
beamline model file (.pbol extension) the file vajpen

in a Document Window similar to those illustrated i
the PBO-Lab User Manual or this OASIS User
Manual. If the PSI-TRANSPORT OModule is
installed, an entry named PSI-TRANSPORT will
appear in the Context Switch (upper left cornertioé
Document Window), on the Commands menu, on the
View menu, and elsewhere in the PBO Lab Document
Window, similar to that for any other PBO Lab
Module. The PSI-TRANSPORT submenu of the
Commands menu will have an entBSI-TRANSPORT
Optics Pieces." Selecting thePSI-TRANSPORT Optics
Piecesitem opens a window that provides a list of all
User Pieces defined for the OModule. Figure 88sho
the PSI-TRANSPORT Optics Pieces list window.

The PSI-TRANSPORT Optics Pieces window
illustrated in Figure 88 shows only one entry: Wien
Filter. If other custom Optics Pieces have been
defined, they will also appear in the window. Aeus
selects the Wien Filter entry in the list, and theses
the “Create Piece” button to make a Wien FiltercPie
The Wien Filter Piece icon will appear on the lower
left part of the Work Space.
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EE PSLTRANSPORT Optics Pieces =
— Select PSETRANSPORT Piece to Ereate on the WorkSpace -
Wien Fiter _:i
Create Piece |
=l

Figure 88. The PSI-TRANSPORT Optics Pieces list
window showing custom Pieces for this Module

Once a Wien Filter Piece has been created, it ean b
used just as any other PBO Lab Piece is used. s&o u
the Piece in a beamline, move (shift-drag) or copy
(drag) the Piece to the desired location in therhea

on the Model Space of the PBO Lab Document
Window. Double clicking the Piece icon for the Wie
Filter will open the Wien Filter Piece window. The
custom Wien Filter Piece window is illustrated in
Figure 89 and shows the Piece parameters whose
specification was developed in the preceding pages.
Only the two parameters selected and defined fer th
Wien Filter appear in the Piece window.

BE Wien Filter
Energﬂ Distance i
Parameters Value Units Guidance Limits
Si\.l"el‘tical (y) Magnstic Field i 1.00000e-008 ;kG .:! -3.0000 3.0000
3-5Eftec1'n.re Length i 0100000 !m L! 00000 3.0000

Comments:
WIEN - thiz iz a first crder only optice element

Figure 89. Piece Window for the Wien Filter
developed for the PSI-TRANSPORT OModule.
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The Wien Filter Piece window
functions the same as any
other Piece window.
Parameters may be edited, in
the units desired by the user.
Any Special Parameter
Settings  (SPS)  attributes
defined for the OModule are
accessed by the “S” button.
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Alias Piece & Alias Subline Specification

The Alias Piece in PBO Lab can be used for any
individual optical component (Piece) which is to be
replicated. An Alias Piece represents an individua
optical component with parameters identical to ¢hals 2
another component, referred to as the Original &?iec
The parameter data are set in the Piece windoweof t
Original Piece and any subsequent use of the same——
component is accomplished with the use of an Alias
Piece. Similar comments apply to Alias Sublinés
Alias Subline represents a subline whose data is__
identical to that of another subline, or Originab&ne.
In this discussion, the term Alias refers to eitla@r
Alias Piece or an Alias Subline.

Manual
Section

4

4

6

The OASIS Commands menu contains an item named 6
Alias Piece Specification. Selecting this item mpa 7
window similar to that illustrated in Figure 90.h&

Alias Syntax Specification window has these primary select
parts:

OASIS Module Specification
Module /0 File Specification

Global Parameters {Header}

Command Specification

-Special Parameter Settings {(SPS)
Tiatroe Special Settings

Lines and Sublines Speciication

L3

Param Piece Specification
Optics Piece Specification
Aligz Piece Specfication
Undefined Pieces Specification
Untitted Options Specification

Final {Footer) Section

Optimizer Storage Parameters
Data Interchange {SPS)
Optimizer Simulation Options

Wite Full Input File and View
Wiite Header {Globals) and View
Wite: Lattice {Pieces) and View
Winte: Footer and Wiew

an Alias Representation pane, a specialized Specification

Ruri input File
List Windows 3
QASIS Options
the Alias Piece
item of the

Run-time Vars list, and Alias Syntax input and ©ASIS Commands menu to

. . open
evaluation fields. P

BE Alias Syntax Specication
— Alias Reprezentation «—

i+ Use Lines & Sublines Labeling Specification

|~ Run-time Vars —

Criginal Sequence  a
Original TypeCode
Comment

7" Resolve Alias Piece as Driginal Pisce

the
Specification window

Alias

Options for Alias Specs

Ll Runtime Variables

— Type Code |
£ Use Alias Syntax Specification to express Allas Pieces l‘— .

. L D I — Type Code Field

— Alias Syntax Specification g
< ﬂ Syntax Specification Field
ad| / Syntax Evaluation Field
-
Button to Record and Store

Figure 90. Alias Syntax Specification window used
defining the syntax of Alias Pieces and Alias Susyi.
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The Alias Syntax Specification
is useful for computation
engines that support an alias
concept, but do not use a
naming or labeling scheme.
For example, the identical
element in TRACE 3-D is
represented by an Alias Piece.
A TRACE 3-D Alias Piece
references its original element
by the Runtime Variable
‘Original Sequence’

Figure 91. Alias Syntax
Specification  window
used for TRACE 3-D.
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The default setting for the Alias RepresentationUise
Lines & Sublines Labeling Specification. For this
selection no other input is required. This default
setting is useful for computation engines that supp
hierarchical beamline lattice descriptions. Theasds
will be written using the same specifications afsneel
for writing lines and sublines (see Figure 69). isTh
facilitates the representation of hierarchical blezanm
structures in which an Alias's Original Piece oblge

is referenced by label. The DIMAD-sample OModule
utilizes the default setting for the Alias Reprdaéon.

The second choice for Alias Representation is:
Resolve Alias Piece as Original Piece. This select

Is appropriate for computation engines that do not
support the concept of an identical or alias eldmen
Each Alias Piece will be written as a copy using th
syntax specified for the appropriate Original Piece
Versions of TRANSPORT that use the "old" style
positional notation input file are examples thatuldo
use this selection, and the PSI-TRANSPORT OModule
utilizes Resolve Alias Piece as Original Piece.

The last choice for Alias Representation is: UdiasA
Syntax Specification to express Alias Pieces. fégu
91 illustrates an example of this type for TRACPD 3-

— Alias Representation - - [~ Run-time Vars —

Criginal Sequence  a
Original TypeCode

i Us=e Lines & Sublines Labeling Specification

" Resolve Alias Piece as Driginal Pisce

1+ Uze Alias Syntax Specification to express Alias Pisces

~ Alias Syntax Specification

cmt’Sequence =*COM"CommentCOM’, nt('Sequence’l=TypeCode’, a{1,'Sequence’}="0rigin | |
Sequence’

P [H]

cmt('Sequence’}="Comment’, ntSequence’)=16, a1, Sequence’}="Criginal Sequence’

<]
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Undefined Piece Specification

The PBO Lab environment offers a large spectrum of
Pieces, both those representing beamline optical

Manual

components, and those representing other location Section

specific data that does not correspond to a phlysica
element. No computation engine uses all of the PBO
Lab Pieces -- the Piece set in PBO Lab is a supefse
all possible location specific data structures toa
appear in any of a large set of computation engipes
Figure 53). Consequently, it is almost certaint tha
there will be some Pieces which cannot be
meaningfully specified for any particular opticsdeo

In addition, during the development of an OModule,

not all applicable Pieces may have been specified ——

initially, resulting in some undefined Pieces fbait
OModule. The Undefined Piece Specification is used
by an OModule to process any PBO Lab Pieces
encountered that have not been defined for usdédy t
computation engine of that OModule.

The Undefined Pieces Specification item on the CBASI
Commands menu opens the Undefined Pieces window
illustrated in Figure 92.

Ef Undefined Pieces =]
— Simulation of Undefined Pieoes-‘/ - [~ Run-time Vars -

PieceType
i+ lgnore Undefined Pieces Writting the Input File TypeCode

Comment ﬁ\
£ U=e Syntax Specification for Undefined Pieces |! ] \

— Type Code

e o

e FHG ek Pretetence for- Wndefined Reres

— Syntax Specification

i

A

-

=
Update ﬂ

Figure 92. Undefined Pieces specification window
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OASIS Module Specification
Module /0 File Specification
Global Parameters {Header}

Command Specification

-Special Parameter Settings {(SPS) »
Tiatroe Special Settings

Lines and Sublines Speciication

Param Piece Specification
Optics Piece Specification
Aligz Piece Specfication

4 Undefined Pieces Specification
Untitted Options Specification
Final {Footer) Section

Optimizer Storage Parameters
5 Data Interchange {SPS)
Optimizer Simulation Options

Wite Full Input File and View
Wiite Header {Globals) and View

6 Wite: Lattice {Pieces) and View
Winte: Footer and Wiew
Run input File
6 inp
List Windaws 3
7 QASIS Options

Use the Undefined Pieces
Specification item of the
OASIS Commands menu to
specify how to handle PBO
Lab Pieces not yet defined for
an OModule.

Options for Simulation Specs
Runtime Variables

Type Code Field

Syntax Specification Field
Syntax Evaluation Field
Button to Record and Store

Syntax, and to Provide
Feedback on Evaluation



The Run-time Vars for the
Undefined Pieces specification
include items internal to PBO
Lab Pieces as well as standard
OASIS runtime variables.
Iltems internal to all PBO Lab
Pieces include:

PieceType (text string)

Length (in meters)

Any Piece Not Explicitly
Defined in the Module
Specification Document Will
Utilize the Syntax Specification
Given in This Window

Syntax Will Write 2 Lines and
Includes 3 Runtime Variables:
Comment
Length
PieceType

Syntax Evaluation Field Can
Not Display Evaluate Runtime
Variables Since They Are Only
Meaningful in Context of a
PBO Lab Model

— Syntax Specification -
‘Comment : DRIFT, L="Length’ ! "PieceType’ iz not defined in thiz prototype 0ASIS-Module
‘Comment’ : DRIFT, L="Length’ ! 'PieceType iz not defined in this prototype OASIS-Module
/ I"PieceType’ has been replaced by a drift of the same length

OASIS User Manual

There are three options for the Simulation of
Undefined Pieces. The first choice is to simplyage
any undefined Pieces when writing to the Main Input
File. This is the default setting (Figure 92) aisd
useful during the early development of an OASIS
Module Specification Document. The use of the
second option, to utilize a specified syntax, is
recommended for most cases. Examples are illestrat
below. The third option is to utilize the PBO Lab
Preferences setting for how to Simulate Unsupported
Pieces (see Figure 3 for an illustration of the PED
Preferences window). This option may be useful for
completed OModules.

One consideration in utilizing the second choiaetlie
Simulation of Undefined Pieces is to provide us#rs
the OModule with information that can be utilizes t
adjust their lattice or beamline to eliminate umaued
Pieces. If the computation engine supports comment
lines in the Main Input File, then adding a commient
identify specific undefined Pieces can be useful.
Figure 93 illustrates a completed Undefined Pieces
specification window for the DIMAD-sample
OModule that includes this information.

i Undefined Pieces =]
— Simulation of Undefined Piecas - = [~ Run-time Vars —

PieceType
TypeCode
Comment

" Ignore Undefined Pieces Writling the Input File

{+ Use Syntax Specification for Undefined Pieces
— Type Code

m—

& e PEG- s Prefetence for Undefined Reres

i

! "PieceType’ has been replaced by a drift of the =ame length

Figure 93. Undefined Pieces specification window f
the DIMAD-sample OModule.
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Figure 94 shows examples of other Undefined Pieces
specification windows for OModules developed for
different computation engines. Different "diagndst
information will be written to the Main Input Film
each case, working within the capabilites and
limitations of the corresponding optics code.

E3

i Undefined Pieces
| |~ Run-time Vars —

i Ignore Undefined Pieces Writling the Input File Ei?:iim:nis = | Flgure 94' Undefined Pieces
e =l | specification windows for (a) PSI-
| TRANSPORT, (b) PARMILA-2,

— Type Code

i Uzse PEO Lk Prefetence for Undefined Bieres
B | and (c) TRACE 3-D OModules.

— Syntax Specification -
(*** Piece type "PieceType’ not supported in "ModuleMams” Module, replaced by drift of 2zame il
-

— Simulation of Undefined Piecas -

length™=}
TypeCode' Length’ "COM™Comment™CON" ;

(** Piece type PieceType’ not supported in PSETRANSPORT Module, rg'ulaced by drift of |:!

=ame length™*} BEA =
D SR i Lindcfined Pieces

— Simulation of Undefined Pieces - - — Run-time Mars —

PieceType
TypeCode
Comment

1" Ignore Undefined Pieces Wiitling the Input File

i+ lse Syntax Specification for Undefined Pieces

— Type Code

i e PEO o Frefetence for Undefined Beces |

— Syntax Specification -

*COM' PEO Lab Piece type 'PieceType' i= not supported in thiz "ModuleName® Module version |-
“Wersion'
-
; PBO Lab Piece type PieceType’ iz not supported in thiz PARMILA-Z Module version |:|
P Undefined Pieces [%]
Sl ion of Undefined Piecas - = |~ Run-time Mars —
lodelName a
1 Ignore Undefined Pieces Writing the Input File ModuleMame
ICOM j
i+ Uzse Syntax Specification for Undefined Pieces 1
(b) i Use PEO AL Brefetenee for Undefined Blenes [ ues tade 1
I 1
— Syntax Specification -
ctSequence’}="COMUNDEFINEDICON', nt(Sequence’)=TypeCode’, f
a( 1, 'Sequence’)=0.0000000, 0.00000000, 0.00000000, 0.00000000, O.00000000
-

IC

cmt(Sequence }="UNDEFINED’, nt{Seguence’}=1, a1, Sequence'}=0.0000000, 0.00000000,
0.00000000, 0.00000000, 0/0000000C0

<]

Update |

(€)
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Manual
Section
OASIS Module Specification

2 Module /0 File Specification
Global Parameters (Header)

Command Specification

4 -Special Parameter Settings {(SPS) »
Tiatroe Special Settings
Lines and Sublines Specification

Param Piece Specification
Optics Piece Specification
Aligz Piece Specfication
4 Undefined Pieces Specification
—P Lntitted Options Specification
Final {Footer) Section

Optimizer Storage Parameters
5 Data Interchange {SPS)
Optimizer Simulation Options

Wite Full Input File and View
Wiite Header {Globals) and View

6 Wirite Lattice {Pieces) and View
Winte: Footer and Wiew
Run input File
6 inpi
List Windaws 3
7 QASIS Options

The name of the Untitled

Options Specification item on

the OASIS Commands menu

will change to reflect the

Module Name when assigned.
OASIS Module Specification

Module 1/0 File Specification
Global Parameters (Header)

Command Specification

“Special Parameter Settings {SPS) 3
Matrix Special Settings

Lines and Sublines Specification

Param Fiece Specification

Optics Piece Specification

Mlizs Piece Specification

Undefined Fieces Specification
—» DIMAD-sample Options Specification

Final {Footer} Section

Optimizer Storage Parameters
Data Interchange {SPS)
Optimizer Simulation Options

Wirite and View "DiMadinput’
Write Header (Globals) and View
Wirite Lattice {Pieces) and View
Write: Footer and View

Rur ‘DiMadinput’

List Windows ¥

OASIS Options

The DIMAD-sample Options
Specification opens the
DIMAD-sample Options Speci-
fication window.
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OASI S Module (OModule) Options

Most particle optics codes have a number of ways In
which they can be used. Some of these capabititees
implemented for an OModule using the Command
Piece specifications described earlier in this iBadhe
User Manual. Other capabilites may be implemented
through the use of OModule Options. The OASIS
Module (OModule) Options provide a method for
specifying options that are available to the udethe
computation engine. The Options may also be used a
a “catch all” location for implementing certain
OModule capabilities not readily implemented
elsewhere using the OASIS Module Builder. Figue 7
illustrates an example of the multi-tab panel OASIS
Module Option Specifications window.

Once a Module Name has been assigned (see Figure 6)
there will be an entry on the OASIS Commands Menu
with the Module Name followed by Options
Specification.  Selecting this menu item opens an
OModule Options Specification window. Figure 95
illustrates how this window would appear for the
DIMAD-sample OModule, prior to setting any options.

There are several tab pages on the DIMAD-sample
Options Specification window. The first three are

described here: Numerical Constants, String Cotsstan

and Comment Delimiters. OModule options provide
global type parameters and runtime variable

specifications that are specific to a given OModule

Access to OModule options can also be made availabl
to users of an OModule for modification.

OASIS Options are used to specify features of an OModule that
cannot be altered or edited by an OModule user. OASIS Options can
be utilized to fix number formats, provide PBO Lab constants, and
specify similar features that may be required by the underlying
computation engine. OASIS Options are discussed in Section 7.
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EH DIMAD-sample Options Specification

2 Tab Pages for Option Types

Numeric Constants: | Sting Constants |  Comment Delimiters ﬁ— Tption= 4 | Options 5 |

Physical cmamsj— — Button for Common Constants

[~ DIMAD-sample User Options Specification for Numeric Constants — -
[ear Name [rype] Value Units Lower Limit Upper Limit |~
List of Defined Options
(Each Tab Page is Different)
Edit Hame Type Value Uniits Type Units o ‘I"/ L — Accept BUtt.Cfn t(_) Record and
i Store Specification

I [ consTes |Exp = INUUn'rt = Incne ;l

Edit - Select the Edit Check Box to permit DIMAB-sample User to Edit the Value with these Guidan

REER Delete Button to Permanently

e ] Cieacs v | \ Remove a Specification
Description for DIMAD-sample User Options Interface :

— Option Specification Fields
Y (Each Tab Page is Different)

Figure 95. DIMAD-sample Options Specification
window prior to setting any options.

The Options window shown in Figure 95 is for an
OModule that has the assigned name DIMAD-sample,
as illustrated in Figure 6. The OModule name
(DIMAD-sample) appears in the title of the Options ,
Specification window. The Numeric Constants panel . menc Constants may be
) P ) . . ) P used to define specific
Is the front-most tab panel and illustrated in F&gA5. constants, or  global-like
parameters, that can be used
The Numeric Constants tab is used to define conhstan ][T;C;‘;gho‘;“ta;heo":gfgs '\jzgtal‘:
. . . 1 u
names, type, assign defaglt values,_spemfy ua_rnsl, Specification Document. Any
guidance limits. In addition, checking the Editxbo  Numeric constants defined in
appearing to the left of the parameter specificatio the  OModule  Options
Name field will make the numerical value of the Specification window may be
parameter editable by an OModule user. If thet Edi M3d¢ available as editable
) . ) parameters to users of the
box is not checked, OModule users will be ablei¢aw OModule.
the parameter but not change its value. In eithse,
the parameter (referenced 'bigme’) can be utilized for
syntax specification throughout the OASIS Module

Specification Document.
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Numerical Constants may be
of three Types:

Int = Integer Format

Real = Fixed Decimal

Exp = Scientific Exponential

These Types indicate how the
parameter will appear to an
OModule user in the graphic
interface, not the format that
will be used to write the
parameter to the Main Input
File of the OModule (see
Section 7).

ER—

RLambda
mm
cr

ke

inches
fest

Several Units Types, such as
Length, offer "smart unit"
options in addition to standard
(fixed) units. For Length, the
available units include the
smart units choice beta-
lambda (BLambda) as well as
millimeters (mm), centimeters
(cm), meters (m), kilometers
(km), inches (in), and feet (ft).
While smart units are often
useful to OModule users, it is
recommended that only fixed
units be utilized for default
settings. Otherwise the default
value (associated with the
default units) could depend
upon Global Parameter values.

OASIS User Manual

The Name field will initially be filled with an
automatically generated default value created ley th
OASIS Module Builder software that will assure a
unique Name for the parameter. This is similath®
default names generated for other parameters
throughout the OASIS Module Builder. A newly
generated, unique, default Name will appear wheneve
an empty row in the list of defined options (Fig9®

IS selected.

A variety of units choices are available for uséwhe
Numeric Constant parameters. There are two popup
menus (combo boxes) that are used to define the uni
for Numeric Constant parameters (see Figure 9% T
Units Type menu is used to select the type of units
from among the extensive list of unit types avddab
for use in OModules. Once a Units Type has been
selected for a given Numeric Constant parameter,
several choices are available for assignment to the
numerical default value of that Numeric Constant
parameter. This selection is made using the second
Units popup menu. The specific choices available
depend upon the units type selected. The choices
available for both the Units Type and the Units
selections are the same as those available to Real
formatted parameters of OASIS Comm Pieces and
OASIS Optics Pieces.

The beta-lambda unitflambda) is a "smart unit"
available in PBO Lab Modules, including OModules
developed for PBO Lab, to express length parameters
in terms of the wavelength of the Global Parameter
Radiofrequency (RF) times the relativistic velocity
parameter beta = v/c. The beta-lambda unit isulisef
for systems which have radiofrequency accelerator
components. Additional smart units are availalole f
certain other Unit Type selections.
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In assigning default units to Numeric Constantss it
recommended that a fixed unit choice, rather than a ™ Edit check boxis used to
"smart unit" choice, be used. For example, if @a$m ;nvzl?;bltzefo':'umigicﬁcgt?:fta;;
unit choice is used for a length parameter defauil, the OModule user. If the Edit
the default value would then be dependent upomicert box is not checked, the
Global Parameters assigned by the user in a PBO Lab©Module user will be able to
Model, such as the Beam Energy, Particle Mass, or ‘t’)'jtwnotthceha':;g"f;z V;ﬁgslfi)”;
Radiofrequency. This could result in unintended e gefautt.
consequences. Users of an OModule will still ble ab
to use a smart unit for any Numeric Constants liaat The Lower Guidance Limit and
a Unit Type with a smart unit choice, but the digfau 1" _JPPer Gudance  Himt
value for the OModule will be stored in fixed units aEtivated for input only if the
Edit check box is selected.
Figure 96 illustrates how the Options Specification These limits are used only to

window appears for the DIMAD-sample OModule Provide the OModule user with
guidance, they do not limit any

with the option specification fields filled in, buthere numerical value from being
the data has not yet been recorded or stored. entered.
EH DIMAD-sample Options Specification
Humeric Constants | Siring Constants |  Comment Delimters | Options 4 ] Options 5 |
Phyzical Constants |

i~ DIMAD-sample User Options Specification for Numeric Constants — =

Edit Mame | Type|  Walie Units Lower Limit Upper Limit |~

List of Defined Options
"> Still Empty Since Accept
o | Button Not Yet Selected

Edit’ Name Type Value Units Type Units

L — Accent |
W [constas IExp =] /T 1.00000002+030 g Holnt =
Ediit - Select the Edit Check Box to permit DIMAD-sample User to Edi the Vale-with these Gur imits Dilete |

Lower Guidance Limit I 1.000000e+020 _ Upper Guidance Limit | 1.000000+085 ;

Option Specification Fields

Description for DIMAD-sample U: Options Interfac
S PSSR Completed for 1st Constant

Effective Value of Infinity (INF} g
b m—

Figure 96. DIMAD-sample Options Specification
window with specification fields completed for firs
Numeric Constant.
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The example shown in Figures
95-97 retains the default name
CONST94 that was generated
by OASIS for this Numeric
Constant. This name will
appear to an OModule user.
Here is a case where the
OModule developer may want
to utilize his/her own name, for
example by changing the item
CONST94 to INFINITY or
something similar. The name
must be different from any
other name used in a Module
Specification Document.

List Updated when the
Accept Button is Selected

When Entry in List is Selected
the Specification Fields Give
the Entry's Details and the
Accept & Delete Buttons are
Activated

/

\

EH DIMAD-sample Options Specification

OASIS User Manual

Once a Numeric Constant has been specified, the
Accept button is used to record and store the
information in the specification fields for thatrnstant.
This will result in a line appearing in the lisiThere

will be one line for each Numeric Constant spedifie
(and the Accept button selected). Once an entry
appears in the list, it may be selected and thailddor

that item will appear in the specification field&oth

the Accept and Delete buttons will become actiVae
entry may then be edited or deleted. Figure 97
illustrates the appearance of the DIMAD-sample
OModule Options Specification window after the
Accept button folCONST94 has been used and the list
entry then selected.

Mumeric Constants: | StingConstants |  CommentDelimters | Options 4 I Options 5 |
Physical Constants |
— DIMAD-sample User Options Specification for Numeric C
[Ean] Name [rype] Value | lnis LowerLint | UpperLimt | <]
Poc | ColeTsd | Bep | 4.060000E-030 |~ pons | 1.00B000E-020 | 1 00DG00E=089
Edit Name Type Value Units Type Units
' Accept |
W' [constes |Exp =] [1.000000E-030 INUUn'rt = Incne =l

Edit - Select the Edit Check Box to permit DIMAB-sample User to Edit the Value with these Guidance Limits Delete |

Lower Giidance Linit ]1_cccuuumzc Upper Guidance Linit |1.uuuaunE+_uaa'

Description for DIMAD-sample User Options Interface

Effective Value of Infinity (IMF}

Figure 97. DIMAD-sample Options Specification
window with CONST94 data recorded and stored.
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In addition to Numeric Constants, text String Cantsd
can be specified. The specification and recording
procedures for String Constants are very similar to
those used for Numeric Constants. Figure 98
lllustrates an example of this type of option, wetfor

the DIMAD-sample OModule.

EH DIMAD-sample Options Specification

Numeric Constants i String Constants _ | Comment Delimiters | Options 4 I Options & |

— Tab Page for String Constants

Physical Constants
i~ DiMAD-zample User Options Specification for String Constants =
B G M Th a)]

. List of Defined and Stored
String Constants

Accept Button to Record and
Store Specification

IV | HEADER_COMMENT This iz a DIMAD run.
Delete Button to Permanently

Remove a Specification

Edit - Selecting the Edit check box will permit the DI

Description for DIMAD-sample User Options Interface

Option Specification Fields
Enter comment to appear in DiMad Output file / Completed for Stnng Constant

Figure 98. DIMAD-sample Options Specification

. . . In the example shown in
window for a user editable String Constant. g

Figure 98 the default name
that was generated by OASIS

The specification fields for String Constants imElan for this String Constant has
Edit check box, Name, default String and Descriptio  Peen changed to:

entry fields. Once the specification is enterdtg t HEADER_COMMENT
information is stored using the Accept button. gufe Any name entered must differ
98 illustrates an example where the OASIS Module from all other names in an
Builder generated default name for this String Gamis OASIS Module - Specification
(STRING159) has been changed. The new name for the nggg;f;;i”nitshfas::e must
String Constant ISHEADER_COMMENT. This name

will be global to the OASIS Module Specification

Document, and can be used anywhere an OModule

syntax can be defined. For the DIMAD-sample

OModule it would make sense to add something like

''COM' '"HEADER_COMMENT'
to the Header syntax specification (see Figure 13).
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Comment Delimiter Tab Page —

List of Available Symbols for
the Evaluation of the '"COM'
Runtime Variable

Selector for Setting Usage
Options for Each Symbol

Description Field for Selected/.

Symbol

Default Selection _:_I

iDefaull Selection
Optional Selection
Mot Selected

There are three selection
choices for each symbol to be
used in the evaluation of
'ICOM' whenever it appears in
a syntax specification.

OASIS User Manual

Another type of OModule option is the charactebéo
used for the evaluation of the comment delimitsm
runtime variable. An Options Specification window
with the Comment Delimiter tab page in front is
illustrated in Figure 99.

Mumeric Constants. | String Constants__J Cormment Defimiters | Option= 4 ] Optionz 5 |

i~ PSLTRANSPORT User Options Specification for Comment Delimiter Character -
The 1COM’ Run-Time Variable provides a Comment Delimiter Character that can be used in OASIS Syntax Specifications
that generate native input for the PSLTRANSPORT.
Select a Default Comment Delimiter Character and any Optional Selections from the lizt below,
The PSLTRANSPORT User wil be able to select a Comment Delimiter Character from the List of Optional Selections.

Index | Dielimiter | Optional Selections. Description

o ! Not Selected
/ Sl b | Defauf Selection |Carment sharacier for PSLTRANGRORT.

z : Optional Selection |Comment character for FNAL-TRANSPORT

‘Selection Description for PSI-TRANSPORT User Options Interface

= IDefaun Selection L” Comment character for PSLTRANSPORT

Figure 99. PSI-TRANSPORT Options Specification
window for a user modifiable Comment Delimiter.

The Comment Delimiter tab page of the Options
Specification window provides different symbol
options for specifying how thecom' runtime variable
will be evaluated in any syntax that uses it. Wlen
symbol is selected in the list, the Selection and
Description fields become active. The Selectiopypo
menu is used to specify how a given symbol can be
used. All symbols are initially set to thnet Selected
choice, meaning that no symbol is initially assdjne
''COM' evaluation. One symbol must be set to the
Default Selection choice for''COM' to be evaluated at
runtime. (If no default selection is madeom' will
return nothing at runtime.) Other symbols may be
added with theptional Selection choice.
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The Description field can be used to provide an
OModule user with a text summary regarding the
usage of anyOptional Selection symbols made
available. The example shown in Figure 99 illustsa
how this might be used in constructing an OModule
for the TRANSPORT code. There are several versions
of TRANSPORT utilized around the world, but the
input files are often incompatible for the diffeten
versions. How element labels are denoted is one
notable difference. The default symbol selectipmn(
Figure 99 would be for use with the PSI-TRANSPORT
version, while an optional selection ywould be used

for the FNAL version of TRANSPORT.

Many optics codes provide for the inclusion of
comments, labels, and similar annotations in tipeitin
files, which are identified by particular symbotsthe
input file to the optics computation engine. Soofie
the symbols used for this purpose conflict with Q&S
syntax requirements, and thus cannot be used lgirect
in a syntax specification. Examples include the
forward slash /§, which is reserved for the OASIS
parser as the operator to denote numerical division
and single quote)( which is utilized in OASIS syntax
to denote the start and end of a parameter for
evaluation by the OASIS parser. OASIS providesafor
comment delimiter !\COM) that is a runtime variable
which can evaluate to symbols not otherwise peechitt
in the syntax.
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Even for symbols that may be used directly in an
OASIS syntax specification, the use of the comment
delimiter runtime variable may still offer advanésg
For example, the comment delimiter may be readily
changed throughout an entire input file, by setect
different choice from the available list. This cha
especially useful for certain computation engines
which have several different versions with
incompatible comment delimiter requirements. The
symbols selected for use in the PSI-TRANSPORT
OModule illustrated in Figure 99 are an example of
such an application.
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Final (Footer) Specification

The last element of defining the Main Input Filenfat

and syntax for an OModule is to specify the contdnt
the closing lines, or footer section.
illustrates the Input File Footer Specification damv,

opened using the Final (Footer) Section item of the
Commands menu.

B2 Input File Footer Specication

Figure 100

- Parameters Available in Footer Section. —

¥ Allow Global Parameters to be used in Footer Section of Input
¥ Allow Beam Parameters to be used in Footer Section of input F
I~ Allow Defined Constants in Footer Section of Input File

[_ This Command Reserved for a Future OASIS Release

— Input File Footer Syntax -

- i Run-time Vars -

TypeCode
WodelName
ModuleName

1~ Twpe Code—

Figure 100. Input File Footer Specification window

The field for specifying the syntax of the footecgon

iIs where any concluding lines, commands, or other

requirements of the computation engine for the @nd
the Main Input File, are entered. Check boxeshm t
upper part of the window indicate the types of glob

OModule data (Global Parameters, Defined Constants,

etc.) that can be utilized in the footer sectidn.many
cases the footer section is relatively short anel th
syntax simply tells the computation engine thatas

reached the end of the Main Input File.

Figure 101

illustrates some examples of footer syntax for & fe

optics codes.
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OASIS divides the Main Input
File into several primary
sections. These primary
sections are designed to
support the input requirements
for a large group of particle
optics codes. OASIS uses the
following names for the four
primary sections:

Header

Lattice

Lines

Footer

Manual
Section
OASIS Module Spectication

2 Module 10 File Specification
Global Parameters (Header)

Command Specification

4 ‘Special Parameter Seftings (SPS) »
Tiatroe Special Settings
Lines and Sublines Specfication

Param Piece Specification
Optics Piece Specification
Migs Piece Specification
4 Undefined Fieces Specification
Untitted Options Specification
— Final {Footer) Section

Optimizer Storage Parameters
5 Data Interchange {SPS)
Optimizer Simulation Options

White Full Input File and View
Wirite Header {Globals) and View

6 Wilrite: Lattice {Pieces) and View
Winte: Footer and Wiew

6 Ruri input File
List Windows 1]
7 OASIS Oiptions

The Final (Footer) Section item
of the OASIS Commands
menu will open the Input File
Footer Specification window.
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B Input Fle Footer Specication

— Parameters: Available in Footer Section —
¥ Allow Global Parameters to be used in Footer Section of Input
¥ Allow Beam Parameters to be used in Footer Section of Input F
I~ Allow Defined Constants in Footer Section of Input File
[_ This Command Reserved for-a Future DASIS Release

—Input File Footer Syntax -

end

- 1 Run-time Wars-

.begin Elrm Fle Footer Specication [ %]

— Parameters Awvailable in Footer Section — = 1 Run-time Vars -
¥ Allow Global Parameters to be used in Footer Section of Input ;’Dpf;;:;e
B ¥ Allow Beam Parameters to be used in Footer Section of Input F Maodulshame ,_'_'
zengm I Allow Defined Constants in Footer Section of Input File :

l__ This Command Reserved fora Future OASIS Rel

~ Input File Footer Syntax-

TypeCode
WodelName

1~ Twpe Code—

&end
— Parameters Awvailable in Footer Section — - Run-time Vars -
(a) ¥ Allow Glabal Parameters to be used in Footer Section of Input rfﬂ”ﬂiﬁf:;e
Send ¥ Allow Beam Parameters to be used in Footer Section of Input F Maodulshame ,_'_'
I allow Defined Constants in Footer Section of Input File :
) 1~ Twpe Code— -
l__ This Command Reserved fora Future OASIS Release !—
~ Input File Footer Syntax-
MADIN -
End of DiMadinput file created by the 0ASIS DIMAD Module for PBO Lab
stop
(b) F
TADIN 4]
1End of DiMadinput file created by the OASIS DIMAD Module for PBO Lab
=top L]
-

(©)

Figure 101. Input File Footer Specification fore computation engines:
(a) PARMILA-2, (b) TRACE 3-D and (c) DIMAD.

Additional text can be added to
the beginning of the Footer
Section of the Main Input File
by an OModule user, utilizing
one of the items of the
Auxiliary Input menu for the
OModule.

This completes the discussion of the primary OMedul
specifications, for writing data to the Main Inkite.

The next Section discusses the integration of the
OModule with certain PBO Lab Tools.
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OModule developer.
further here and include:

with several choices.

5. Using PBO Lab Tool Capabilities

OASIS User Manual

Overview of PBO Lab Tools

Plot
Optimization Module
Tutorial

Focusing

Bending

Data Interchange
Function Integration
Numerical Integration
Data Tools

The PBO Lab framework has a number of tools
available that can significantly enhance any optamde

that is integrated with PBO Lab. Several of thelg¢o
are described in the PBO Lab Basic Package User
This Section of the OASIS Module Builder
User Manual describes how certain of the tools lman
integrated to work with OModules.
OModules with the following tools is discussed here

Several PBO Lab Tools will also work seamlesslyhwit
developed OModules without any further work by the Tools menu, the Optimization
Those tools are not discussed Module tool can be used with

The Plot item on the Tools menu opens a submenu

The first two items (Focgsin

Rays and Envelopes, Focusing Twiss Parameters) are’ fasusing fiays and Envelopss
utilized by PBO Lab for displaying Focusing tooltaa

in standard PBO Lab Plot tools. The next two items
(User Plot Tool, Plot Data Specification) can bedis — Fiet Data Speciication

with PBO Lab to create and display customized plots the piot pata Specification
of data. The Plot Data Specification is utilizedthe
OASIS Module Builder to set up plot specificatidos
an OModule.
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Integrating

Focussing
Berding

Diata Interchange {2
Furiction Integration
Mumerical Integration
Data Toals

PBO-Lah Preferences

The Tools menu shows the
PBO Lab tools that are
available in an OASIS Module
Specification Document. The
Plot item provides a submenu
with a Plot Data Specification
entry that can be utilized for
OModule development.

In addition to the items on the

OModules.

The Optimization Module is an

advanced tool that is described

in a separate document, PBO

Lab User Manual Supplement:
Optimization Module.

Focusing Twiss Parameters

User Plot: Tool

item of the Plot submenu is
used to set up OModule plot
specifications.



Focusing Fays and Envelopes
Focusing Twizs Parameters

Uzer Flot Tol
- Plat Data Specification

Step 1 in implementing plot
specifications uses the Plot
Data Specification item of the
Tools - Plot submenu.

OASIS Module Spectication
Module [#0 File Specification
Global Parameters {Header}

Command Specification

Special Parameter Settings {SFS)
Matrx Special Settings

Lines and Sublines Specfication

Param Piece Specification

Ciptics Piece Specification

Alias Piece Specification
Undefined Pieces Specification
PARMILA-Z Options Specification
Final {(Footer) Section

3

Cptimizer Storage Parameters
Data Irterchange {SP5)
Ciptimizer Simulation: Options

Wite and Yiew nput LIN

Wite Header {Globals) and View
Wiite Lattice {Fieces) and View
Wite Footer and View

Rum input LI

List Windows
04518 Options

Step 2 in implementing plot
specifications uses the Module
I/O File Specification of the
OASIS Commands menu.

OASIS User Manual

Step 1 - Plot Data Specification

The specification of plot windows and displays éor
OModule involves two primary steps. The firsthe t
specification of the data types and formats whiah c
be used by PBO Lab Plot tools. Files that contiam
necessary data types and formats, produced by the
computation engine underlying the OModule, are also
identified as part of the first step. The firsgsutilizes

the (PBO Lab) Plot Data Specification. The second
step involves defining a list of plot specificatsothat

will populate the OModule plot list available for
selection by an OModule user. This second step
utilizes the OASIS Module Builder item Module I/O
File Specification on the OASIS Commands menu.
These two steps are described below for the exaaiple
the PARMILA-2 OModule.

The Plot Data Specification item on the Plot submen
of the Tools menu opens the User Plot Data
Specification window illustrated in Figure 102. €erh
User Plot Data Specification window has three tab
panels, one for each of the types of plot styles
available: line, scatter, and histogram. The eonbf
each tab is customized to the type of plot. Tha pl
specifications developed with this User Plot Data
Specification window define how the data in an otitp
file, generated by a particular computation engis¢o

be read and manipulated for creating a display in a
PBO Lab Plot tool window.

The window shown in Figure 102 illustrates the Ltang
Plot Data Specification tab page in front. This page

Is used for specifyinjne plots. The Scatter Plot Data
Specification and Histogram Data Specification tab
pages are used for specifyingcatter plots and
histogram plots, respectively. The examples for the
PARMILA-2 OModule discussed here illustrate the
specification of scatter and histogram plots.
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Tabs For Different
Plot Types —_

BE User Plot Data Specification

[~ Length Piot Data Specification i Scatter Plot Data Specification

[ Histogram Data Specification

|~ User Plot Data Specification ~| [ Length Piot Bounds -
PIOt Type Example Diata Files which are formated as columns of numbers, V¥ Auto Scale Bounds
(each tab d ifferent) are processed with a User Plot Data Specification. ) :

| [ Stored User Plot Specs -

Select a column for Length data and one or more columns l ]
from which to plot data as a function of Length: [ e

Plot Data Summary

~ Plot Data Header - ! =N A

(eaCh tab dlfferent) / Header Line(s} ilgnore Header .VI N - ‘_: ’

Start Reading Header at Line Number  [7
File Header Spec Muriber of Header Lines [1—

~ Length (Distance) Data

(each tab different) /

Completed Spec List

Start reading data at fine I P Stop reading data at line i EOF

Data Usage Specs
(each tab different)

= Columns for Line Data as a function of Length —
X [z [unen =l
Item List for Plot Coluron | Name | ofset | ‘seae | coor | Symbol A

|
(for each plot spec) | | o

fooooooo [1ooo000  (Jred  [=ffcirce

Set & Delete Buttons
(for each plot spec) —

Length Data Column | 1 Name | Length offset. [0.000000 | Seale [ 1.000000

i~ Select Data File —

| Select Data File |

) e e Uieiodified Dete

L e e

Data File Selection

(for testing plots) Figure 102. User Plot Data Specification winddwewsing Length
Plot Data Specification tab page used for defirimg plots.

The second tab of the User Plot Data Specification
window, Scatter Plot Data Specification, is illaséed

in Figure 103. Optics codes that track particlas c
typically be used to produce data files of the ipks'

coordinates and momenta. Beam cross sections and = pecavruRTiE

phase space plots are representative of the types o
scatter plots that can be created from this data.

The set up of a plot specification begins with iseim

the left side of the User Plot Data Specification ——» 0pen Scratch File

window, and proceeds from top to bottom. However,
some information on the data file produced by the
computation engine is required. This informati@m c
be obtained by examination of the data file usimg t
Open Scratch File submenu of the View menu.
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Use the View menu of the
OASIS Module Specification
Document to access the Open
Scratch File submenu.
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Tabs For Scatter

B2 User Plot Data Specification

Plot Specification Lengih Piot Dala Speclicalem——— _ Scatter Plot Data Specification 1 Histogram Data Specification

[~ User Plot Data Specification — ~ [ Length Piot Bounds — | | GStored User Piot Specs - o
PIOt Type Example Diata Files which are formated as celumng of numbers, IV Auto Scale Bounds :J
(2-D Scatter plot) dre procezsed with a Uzer Plot Data Specification. > :

The Specification for a Scatter Plat requires column ! 10000
/ selections for both Horizontal and Vertical data:

Plot Data Summary /|

(EaCh tab different) / Header Line(=} IIgnoreHead&r .vI

Start Reading Header at Line Number ! 1

File Header Spec Mumber of Header Lines I1_ -1.0080 10000
i — Sequential or Interlaced Data = Elere |
SpeC LISt (none yet) + Sequential Data from a Single Location

//v i~ Interlaced Data from Multiple Locations Location Celummn I 1

Data Structure T ) StartReating Data at Line Number [2 | ‘Stop Reading Data at Line Nmuber [E0F

o index w07 - Select Data File

Plot Color |Red - Select Data File
Plot Color Spec —* El S
~ Columns for Herizontal and Vertical Data - : i e FE U
. e e e
Item List for Plot difdiaon

Set & Delete Buttons |_ """
(for current plot spec)

(vertical vs horizontal) IE [ vert Data | 0.000000 [ 1.000000 |[Mounit j]none _j e
| eotum Name | ofset | seae | unttype | Un /

Data File Selection
Figure 103. User Plot Data Specification winddwwing Scatter
Plot Data Specification tab page used for defirsogtter plots.

PARMILA-2 produces abinary output file named
"part_dtl.dst" which contains particle 6-D coordma
data at the exit of the beamline. This file is ented
into a text file named "part dtl.TXT" using the
program ReadDst.exe. Figure 104 illustrates the
window opened for a typical "part_dtl. TXT" file ug)

the Open Scratch File selection from the View menu.

i'g"”‘HEﬂd”;J The file illustrated in Figure 104 has eleven (11)
' | "header" lines -- the first header line begins vittle
words "Parmila data ..." and the last (Lheader line

Header Line(s) in a file can be

either ignored or used. Only starts vyith " x(cm) ..." In this example_, the Hen
one line of a header may be lines will be ignored. The entry for the field Nber
used to obtain labels for the of Header Lines in the User Plot Data Specification

data columns in the file. window will be "11".
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B part_dil TXT [ O]
File Edt Font
Parmila data from "Example B.pbol run on 03-27-08 14:38:00" run at time 03-27-2008 15:38:01 EJ
Structure number = 1
Cell or element nunber = a
De=zign particle energy = 2.000000 HeV
Humber of particles = 834
Bean current = a3 40000 {frequency =scaled equivalent for every rf bucket filled)
REF Frequency = 80, 00000 HH=
Bunch Freg = 8000000 HH=
Chopper fraction = 1. 000000
The input file particle coordinates were written in double precision.
=icm) =pr{=d=z-d=) vicm) vpri{=dy-d=) phi{radian} WiMeV)
0.2877487194 —7.2055483369E-03 0.4249045508 2. 4506068471E-03 -0.1734731648 2.4842237E2
—0.1094507080 3.7569883174E-03 0.7984346598 3.0984387578E-03 7.0309242682E-05 2.537706431
—0.1383415172 -4 .8261766606E-04 0.1090158107 3.9189528371E-04 -0 2209365860 2.551193318
—-2.0193066248E-02 &.2091753980E-03 -0.1440406884 —3.25812737550E-03 5.8880120651E-02 2.550384788
6.2542222519E-02 -1 .5905985308E-04 —-0.2807034250 -1.3371398118E-03 0.3278218802 2.563586932
—2.9815844960E-02 -1 .8330152910E-03 0.4528952244 3.8317331409E-03 0.2711596808 2.574842454
—0.1509695053 3.3190307749E-04 0.3670004361 3.4184199558E-03 -2 7607993614E-02 2. B71743455
3.3372622407E-02 -1 2532509681E-03 0.2466716647 1.6712325805E-03 -0 2556873218 2.481899288
—7.4849403956E-02 1.4936763661E-03 -0.7078475881 —2.3553190215E-03 4 5g70539852E-02 2.588018352
9.4992810746E-02 2. 2618585123E-04 0.2705457678 —-1.3739392295E-04 0.2444776424 2.584246578
—0.1315132405 3.2943537314E-03 -0.3245951544 1.1838879063E-03 —-0.1747275927 2.563791197
—0.3339643879 1.3920239320E-02 -0.7375549575 -5.8360681079E-03 9.6351050238E-02 2.559376939
0.24501522618 4.3240004053E-03 -0.1750036206 -5 .4573006521E-04 -0.1420831533 2.535048035
—0.2633057169 7.6778477749E-03 -0 9547675704 —6.6019247346E-03 —0.2007482731 2.472404189
—0.4109325565 9.5718958550E-03 —0.4450828957 —6.4544205884E-03 -0.1647937431 2.539093852
0.18097680049 -1.0068694778E-02 0.2857396162 1.7584556750E-03 0.3085785904 2. 563550076
0.2392285135 —8.3954559022E-03 —0.4744141495 -1.1733624069E-03 -0.1697338085 2.553544994
—0.2681920122 7.9908582108E-03 -0.1843135435 3.6836364294E-03 -0 1675860156 2.528992866
7.3123465404E-02 1.9841751471E-03 -0 6686738758 -1.0986236173E-03 -8 .5981873842E-02 2 . B5EE29051
0.488829994¢6 —6.1825917793E-03 2.7066800020E-02 —-1.1656341343E-03 -0.2102532288 2.472606521
—0.3576272408 1.4179793219E-02 -0.7404811925 —3.8160951510E-03 7 .62407410368E-02 2.579502399
0.1381800695 —4.2499329389E-03 9.5924993814E-02 3.6528174938E-03 -0.1001576754 2.550943014 =
4] | ¥

Figure 104. Top part of a typical "part_dIt. TXfileé generated by PARMILA-2.
The file has eleven (11) head lines, followed ixy(6) columns of numerical data.

In this PARMILA-2 example, the Plot Data Header
pane of the User Plot Data Specification window
(Figure 103) has two pieces of information obtained
from the data file (Figure 104): (a) Ilgnore Headed

(b) use 11 in the Number of Header Lines field.

The Sequential or Interlaced Data pane of the Bkar

Data Specification window (Figure 103) is utilizéal

specify how lines in the data file are grouped. e Th .

term "Sequential" is used to describe files whéye t  Seduential or Interlaced Data

) . refer to two common types of

data from one beamline location are grouped togethe yata jayout used with particle

Several locations may appear sequentially in tiee fi  coordinate and momenta.

The "part_dIt. TXT" file data is "Sequential." Th&m Interlaced data will generally

"Interlaced" refers to files in which a given rofdata have an extra column that has
.y . .p . . . a Location Index that indicates

has an indicator that identifies a particular lamatn the particle's location along the

the beamline. The particle data for a particular beamiine.

beamline location maybe mixed, or interlaced, with

particle data from other locations. TURTLE proesic

data files typically "Interlaced."
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Four choices are available for
the point color in scatter plots
using the Plot Color popup.

Offset and scale data may also
be entered for each entry in
the list (Vert or Horz). For
example, if the y' (YP) scale is
desired to be in milliradians
rather that radians, a scale
factor 1000 could entered into
the Scale column of the Vert
specification. It would be
preferable, however, to use the
Angle unit choice mrad to
accomplish this scaling, since
that unit will then be reflected
in the PBO Lab interface.

OASIS User Manual

The 6-D particle coordinate and momenta data begin
on live twelve (12) in the "part_dIt. TXT" file ofigure
104. The entry for the field Start Reading Dataiae
Number is thus "12". The field Stop Reading Ddta a
Line Number is left at the default setting "EOF"ialh
stands for "end of file."

The selection for Plot Color is arbitrary. For Ibin
graphics displays, such as those appearing in the
Focusing tool window or the Beam Piece window
(Figure 34), PBO Lab utilizes a color coding system
Similar selections may be useful for comparison
purposes. The PBO Lab color coding for phase space
data plots is:

Transverse Horizontal (x) Phase Plan&ed
Transverse Vertical (y) Phase Plane: Blue
Longitudinal (z) Phase Plane: Green
Mixed (e.g. y vs xX) Phase Plane: Black

This example will illustrate the set up of a phapace
scatter plot of y' versus y, so the Blue choice tfa
Plot Color will be selected. The fi(header) line
(Figure 104) identifies the data columns in the.fil
The y data is in the3column and the y' data, labeled
as ypr(=dy/ds) is in the®™column. The units of y are
centimeters (cm) according to the™gheader) line.
The units of y* are not explicitly given in the™fine,
but can be inferred to be radians. For a y' 8oy,
the horizontal axis would be y and the verticalsaxi
would be y'. This information is used for compteti
the Horizontal and Vertical Data fields, startingthw
the "Vert" (top) entries first. The Set buttornused to
register and store the data. The entries will appe
the right of the Vert list item. Selecting theniten the
list will highlight it for editing; both the Set drDelete
buttons will be active. Figure 105 illustrates hdve
User Plot Data Specification window might appear at
this point in the specification of the y' vs y deaplot.
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BH User Plot Data Specification

Length Piot Data Specification ] Scatter Piot Data Specification

[~ User Piot Data Specification — [~ Length Plot Bounds —

Data Files which are formated as columng of numbers, IV Auto Scale Bounds

are processed with a Uszer Plot Data Specification:

1 Histogram Data Specification

[~ Btored User Flot Specs -

=

The Specification for a Scatter Plot requires column
=elections for both Horizontal and Vertical data:

|00

Header Ignored
g —
3 Header -

Header Line(s}

I Ignore Header .vI

11 Header Lines

(a” ignored) [ Start Reading Header at Line Number  [7

Mumber of Header Lines I 11

Data in File is
Sequential

— Sequential or Interlaced Data
—_ .
lap + Sequential Data from a Single Location

" Interlaced Data from Multiple Locations

Location Column l_ Locatio
Start Reading Data at Line Nui | 12 Stop Reading Data at Line Mmuber I EOF

/wiﬂlu& Wi

— Columns for Herizontal and Verical Data -

First Data Line is
Line 12

Plot Color Blue —|

Vertical Spec for y' ~—» ¢ [ve [ 0.000000 |1cuuccc !Angle Irad

L Cotim|

\.4\

lame | Difset | Scale | UnrrType |

Vert

Set & Delete Buttons
Both Active When

Horz

tion Index: !f‘

=

i Select Data File: —

Select Data File |

8 ey e il
B BT

R e

Fick |

Line Entry Selected

Figure 105. User Plot Data Specification winddwustrating
set up of y' (YP) "Vert" axes specification fovg y scatter plot.

To enter the "Horz" axes specifications, fideselect
(click the Horz entry) the Vert entry in the linkst.
Then enter the information for the y data. Once th
necessary data is entered into the input fields,Sat
button is used to record and store the data irHibrz
line entry. When both the Vert and Horz lines are
populated the specification for the scatter plot is
complete, and the Save button in the Store User Plo
Specs pane (upper right) will become active. Fgur
106 shows how the User Plot Data Specification
window might appear at this point in the speciimat

of the y' vs y scatter plot.
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The example illustrated in
Figure 105 utilizes the default
setting for the Scatter Plot
Bounds: Auto Scale Bounds.
Fixed bounds can also be
specified. The fixed bounds
are useful in PBO Lab Models
where the same (or similar)
plot will be created each time
calculations are done for that
model. For OModules, the
Auto  Scale Bounds is
generally more appropriate,
since the range of data is
unlikely to be known in
advance. In either case, the
OModule user can set the
scales after the plot is created
(see Figure 108).
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BH User Plot Data Specification

Length Plot Data Specification | Seatter Plot Data Specification 1 Histogram Data Specification
Default Setting to [ User Piot Data Specification — - Length Piot Bounds | Stored User Fiot Specs -
| .
Diata Files which are formated as columns of numbers, — [¥ Auto Scale Bounds :J
AUtO Scale BOU ndS dre processed with a User Plot Data Specification.
The Specification for a Scatter Plot requires column l 10000

selections for both Horizontal and Vertical data:

— Plot Data Header -

Header Linefs} i Ignore Header .vI

Siart Reading Header at Line Number l 1

Mumber of Header Lines !_11

— Sequential or Interlaced Data

+ Seguential Data from a Single Location
" Interlaced Data from Multiple Locations Location Column I‘_ L

Start Reading Data at Line Number I 12 Stop Reading Data at Line Mmuber I EOF

Piot Color iBlL?& Wi

— Columns for Herizontal and Verical Data -

& slieoy Bav Unehodifled
e G e e e

e Dt File

Vertical (y') and = v [o.000000 [[1.000000 ([Length  w[cm =l B
Horizontal (y) Specs | |_ofset | scale | untTyee |
Completed

[ E‘.uiumn|

Save Button Active

Figure 106. User Plot Data Specification windowwsimg the
completed specification for a y' vs y scatter pleady to save.

EAEL The Save button in the upper right portion of treetJ

RSN Plot Data Specification is used to record and stiee
ool | plot specification. Selecting the Save button wpken

a dialog window for assigning a name to the

specification. Entering a name and selecting OK wil

IFinaIYP ve 'Y

Plot specification name dialog store the data as a persistent object of the PB®O/La

with the name Final YP vs Y OASIS software. The name will appear in the Stored
entered. When the OK button User Plot Specs list. The Stored User Plot Spaog
is selected, the name wil provides a list of all plot specifications storedhathe
g‘;@iirlig_the Stored User Plot OASIS Module Specification Document. Figure 107

shows an example of the User Plot Data Specificatio
window with a series of plot specifications stoffed
the PARMILA-2 OModule.
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BH User Plot Data Specification

Length Piot Data Specification ] Scatter Piot Data Specification

Histogram Data Specification

[~ User Plot Data Specification — [~ Length Piot Bounds — [~ Stored User Plot Specs -

List of Stored User

¥ Auto Scale Bounds

Final ¥ v X
Final XP ws X

Data Files which are formated as columns of numbers,
are processed with a User Plot Data Specification
The Specification for a Scatter Plot requires column
selections for both Horizontal and Vertical data:

| R

Final ¥'P wa XP
Final X v E
Final¥ vs E
Final E vs Phi
FinalEwvs £
Final X vs Phi
Final X v Z

= Plot Data Header -

Header Line{s} i Ignore Header .vI

y = Plot Specifications

L Selecting an Item in
the List Activates:
Save Button

Start Reading Header at Line Number ]._u Final ¥ vs Phi Li L
Mumber of Header Lines IT = A// _/ Delete Button.
| —T] Select Data File
— Sequential or Interlaced Data Delete A/
+ Sequential Data from a Single Location |
" Interlaced Data from Multiple Locations Location Column I_ | jon Index - v !|_ i~ Select Data File — /

Start Reading Data at Line Mumber [12 | ‘Stop Reading Data at Line Nmuber _]ﬁ | CAOASIS\part_dtiTXT
Piot Color !BILre wi Select Data File

— Columns for Herizontal and Verical Data -
T Apply Offset(=) and

IE
: Culumn|
4

| vert Data [ 0.000000 [ 1.000000 |[Mounit

2 "I’IOI’I&

Scale | Unit Type |
1000000 Angle

Units I

rad

| omset |
5.000000

Name
YP

Vert

Plot

Horz |2 |

& View Raw Un-Modified Data

\iew Data File :I"" I

/\

| Entering (Selecting)
Data File Activates:
+— Radio Choices
| View Data File

Scale(s)

| — Plot

Figure 107. User Plot Data Specification winddwustrating
a list of stored plot specifications for the PARMI2 OModule.

The Stored User Plot Specs list in Figure 107 shaws
number of stored plot specifications for scattestsl
The selected item in the list corresponds to tloe yl

vs y specification discussed in this manual. When a
item in the list is selected, the features in toedr
right pane of the User Plot Data Specification vewd
may be used to apply that specification to a di¢a f
To examine the data file, enter the file name ia th
Select Data File field, or use the Select Data File
button to access a file opening dialog. When a fil
name appears in the Select Data File field, theroth
items in the lower right part of the User Plot Data
Specification window become active. Selecting the
button View Data File will open a window similar to
that illustrated in Figure 104 which displays tloatent

of the selected file.
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The Select Data File pane of
the User Plot Data Specification
window is useful for testing or
verifying plot specifications.
The Plot button will display the
data in the selected file, using
the highlighted item in the
Stored User Plot Specs list.
The window will be essentially
identical to the one that will
appear to OModule users,
when the Module File I/O
Specification is used to link the
plot specification to the same
file.



A file name entered into the
Select Data File field of the
User Plot Data Specification
window is not persistent. That
is, the link to the file is not
retained or stored, and the file
name is removed when the
window is closed.

Name Assigned to Plot Spec end of a beamline.
Plot Window Button Bar L B

T

Including Set Scale Button

Displayed Data Based upon
Plot Spec Applied to Data

OASIS User Manual

The Plot button at the bottom right of the UsertPlo
Data Specification window will open a PBO Lab plot
window. The plot specification selected (highligght
in the list of Stored User Plot Specifications vk
applied to the data in the file named in the Selata
File field (edit box). Figure 108 illustrates axaenple
of the PBO Lab plot window created using the
PARMILA-2 specification for y' vs y scatter plot tie

[~ Shift-Click.for-Posttion——
X

I ¥

In Selected Data File

Color of Data Points per Spec

Legend Gives Verticaland _ — |

Horizontal Names per Spec

Number of Points Read from

v
e
*

o
lh; * |
] 5 TP :
- % ) . - o
L PO L LS LT S S Pen Width iz v]
0.0043 . “. ..o ‘.;‘ 03'."{ :.‘ i}
. ; Lie A% T
* °3.°"-'@'°|. 24 A2 LEGEND
o % - ey o s
DR ST I i —
234 pi=
-8.836-006

<0043

Selected Data File

Display Subtitle Includes

~0:6035 0212 0:5641
—P P (rad) ve. ¥ (cm)

Vertical & Horizontal Axes
Names and Units per Spec

The algorithm used for the
Auto Scale Bounds routine
determines the minimum and
maximum values of the data.
The data range is computed as
the difference between these.
Then 10% of the range is
added to the minimum and
maximum data values to
determine the minimum and
maximum scale settings.

Figure 108. Final YP vs Y Scatter Plot window of
PARMILA-2 OModule for an Example B beamline.

PBO Lab plot windows have several capabilities for
manipulating the display presented. Some of tiagse
indicated in Figure 108. The PBO Lab User Manual
discusses the capabilities in detail. The usehef t
default setting to Auto Scale Bounds in the plot
specification (Figure 106) assures that the digmlay
data will be on scale. Of course, the scales may b
changed at anytime by using the Set Scale butttmein
button bar at the top of the window. The Legend f
the plot displays the assigned names for the data a
well as the number of data points read from tree fil
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Step 2 - Linking Plot Specsto Data Files

Step 1 of the process for specifying of plot window = OASIS Module Specfication

for an OModule developed the plot data specificetio g‘;:f Fff S SF’ES“"CS“"“
Step 2 involves linking those data specifications t © Ccor cemeesfessen

OModule data files, and assigning other attribdtes _CWTTSSﬂEC“iCESf'D”_ —
the handling of the data files. The Module I/OeFil P52 "ermeter Seitings B85

‘e . . . Matrx Special Settings
Specification item on the OASIS Commands MeNU IS Lines and Sublines Specfication

used to begin Step 2. Selecting this item opeRsea Param Pioce Specfication

I/O Specification window similar to that shown Fintics Piece Sneciication
previously in Figure 8. Figure 109 illustrates tige Alias Piece Specification

I/O Specification for the PARMILA-2 OModule when Caemn i s o
the Stored User Plot Specs shown in Figure 107 have oo fons seesfiestion

. Final {Footer) Section
been defined.

Cptimizer Storage Parameters
. . . Data Irterchange {SP5)
Stored User Plot Specs are linked to data filesguthe Clptiider Sdatiorn Options
lower part of the File 1/0O Specification window ket e
region that handles Auxiliary I/O files. In Figui®9 Virte Header (Globals) and View
the auxiliary file Type selection has been setc¢atter Vifite Lattice (Pieces) and View

Plot. This selection populates the Stored Uset Plo ' fosterand View

Specs with the same entries completed for Scalbér P~ Run input.LiN'

Data Specifications (Figure 107). List Windows b

04518 Options

Other choices for the auxiliary file Type that can
populate the Stored User Plot Specs list includee Li fteelziﬁiatiir(‘)nismups";?fh”;iﬁodplfet
Plot and Histogram, prowdeql that Stored User Plot I/f) File Specification of the
Specs have been created with the Length Plot Datapasis commands menu to
Specification tab page and the Histogram Data link datafiles to the plot specs.
Specification tab page, respectively, of the Uslket P

Data Specification window (Figure 102).

1Scaﬁ&r Plot ;i

Items appearing in the Auxiliary Files & Graph Rlot Htﬁitpm

list of the File 1/0O Specification window are acsixe — p g

to users of the OModule. Each item has an Auxiliar —>gzmﬂéfrzﬂ

File Name, an associated Type, and may or may not Pieces (.pbop)

have an associated Description. Files of tyge will The Auxiliary /0 File Type

appear to the OModule user in the Auxiliary Files selection has 3 plot data file
submenu of the PBO Lab View menu for the OModule, YPes: tine Plot, Scater Plot
Files of other types are handled differently. Jram
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Main Input/Output Files Setup

Described in Section 2 ~ —— ¥ Main hputiOutput Fies

Auxiliary I/O File Pane
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Main nput File Hame
I input.LIN The main input file will be used to write the lattice
and input c iz the only reguired VO file.
Main Output File Name
Parmila.out

This cutput file will be opened automatacally after
returning from module calculations.

Used for Plot Setup

Type Selection Will Populate /__nwav—/L‘H ] \

the User Plot Data Spec List

Aucxiliary Files & Graph Plots
Lists All Defined Files & Plots

Save, Delete, and Delete All e
Buttons Work on Auxiliary /

> Auxiliary V8 - Text, -Plot Data and Pieces {.pbop) Files -

Auxiliary File Hame IniOut Type Data Specification Open

Scatter Plot - l Select Data Specification 1 Cnly From Menu Li
— Auxiliary Files & Graph Plots i \Plot Specifications
Beam.out _:._' inal ™" va X -
Design.out : Final XP vs X

Final ¥Pva Y
Final ¥'P vs XP
Final X v E
Final¥ vs E
Final E v= Phi
Final Evs Z
Final X v Phi

Delete All |
Final X va Z

EOtprof.out
Quad.out
QuadErrs.out
QuadPos.out
WallPwr.out

Plot Specifications

Files & Graph Plots (Left) List

Button to Open User Plot Data
Specification Window (e.g. to
review or add data specs)

| Final ¥ vs Phi =]

Figure 109. File I/O Specification window for the
PARMILA-2 OModule with Stored Plot Data Specs.

The PARMILA-2 file which contains the particle
coordinate data, and has been used to define #tieisc
plot data specifications, is named part_dtl. TXTheT
contents of this file were illustrated in Figure310
This file has already been entered as an Auxilialy

of type Text, and it appears at the bottom of the
Auxiliary File & Graph Plot list. This file will Bo be
used for linking to the Stored Plot Data Specs.

Clicking on an item in the Stored Plot Data Spéests |
will load the item name into the Data Specification
field immediately to the right of the Type seleatio
popup menu, which is set 8zatter Plot in Figure 109.
The name of the data file to be linked to this plata
specification is entered into the Auxiliary File iNa
field. This name should biped into the Auxiliary
File Name field, even if the same name appearkan t
Auxiliary File & Graph Plot list. (Selecting anein
from the list will populate the associated fieldghw
previously entered data.)
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A short phrase that summarizes the plot should be
entered into the Description field. The Descriptio
field entry will appear to an OModule user in & ti$

Plot Specifications for the OModule. Figure 110
illustrates how the File 1/O Specification wouldpaar

at this point in the scatter plot setup.

— Main Input/Cutput Files —

Main nput File Hame

I input.LIN The main input file will be used to write the lattice

and input commands. fi is the only reguired VO file.
Main Output File Name

I Parmila.out This cutput file will be opened autematacally after

returning frem module calculations. | Auxilial’y F||e Name
Typed into Field

— Auxiliary VO - Text, -Plot Data and Pieces (pbop) Files -

Auiliary File Name Type Data Specification Open U File Open Option Selection
| part_atl7xT « [output [=] [scatterpot =] [Fmaiigis | [onty From menu =]
Pescription: A L.
[FiralBeamy vsy Description of Plot for
— Auxiliary Files & Graph Plots i Plet'Specificatiofs - OMOdUIe Users
Beam.out _:._' Final " ws X -
Design.out 3
EObrotou = | i ST i Selected Item from List of
QuadErrs.out RalX vs Stored Plot Data Specs
QuadPos.out Delets | Final ¥ vs
WallPwr.out Final E v= Phi
part_dtl.TXT Final E vs Z .
° peisieal | || [rieix ve on Save Button Will Open a
Final X va Z

i Final ¥ vs Phi = — Dialog to Assign the
= Graph Plot a Name (for
internal use by OASIS)

Figure 110. File 1/0O Specification window with
the PARMILA-2 scatter plot setup ready to Save.

The Save button is used to store the plot setupis T

button opens a dialog window that is used t0 asaignN T —  ————— 1
name to the plot setup. The assigned name Wi@Ipp  erterstane for e ousut spectieation
in the Auxiliary Files & Graph Plots list when tia@K o |
button on the dialog is selected. This name is an
internal name used for OASIS purposes, and does NoEe=n ==~
appear to an OModule user. The dialog will show a Didlog used to assign an
default name entered that corresponds to the Auxili  iyemal name to a graph plot
File Name specified for this setup. Since the same setup. The internal name will
auxiliary file may be used for multiple purposes,ia appear in the Auxiliary Files &
this PARMILA-2 OModule example, another name ©raPh Plots list for later

. . . . selection or editing.
should be assigned in the dialog. The namieal’
Beam YP vs Y" has been assigned to this scatter plot.
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Onhy From Menu _v_j

:Only From Menu
Automaticalky

The file Open option selection
box (Figure 110) has two
choices. The choice
Automatically can be used to
specify that a given Graph Plot
be opened automatically at the
completion of a calculation by
the computation engine
underlying an OModule. This
may be useful if there is a file
of graphic output data routinely
produced by the computation
engine that is always plotted
following a computation.

— Main input/Cutput Files —

— Auxiliary V0 - Text, Plot Data and Pieces {.pbop) Files -

— Auxiliary Files & Graph Plots 11— Plot Specifications -
Final Beam XP Profile =] Final¥ vs X &
Final Beam XP vs X Final XP vs X
Final Beam™ Profile Final ¥Pvs Y 2 %
Final Beam ¥ vs E Save | Final P vs XP sl il
Final Beam % vz X Final X v E
Final Beam P Profile Delets | Final ¥ vs E
Final Beam P vs XP Final E vs Phi
‘Final Beam YP vs " i Final Evs Z
Quad out et o | Final X vs Phi
QuadErrs.out Final X va Z
QuadPos.out =] Final ¥ vs Phi =]
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Figure 111 illustrates a File I/O Specification danwv
for the PARMILA-2 OModule with a number of Graph
Plots set up. Both scatter plots and histograressat
up, all using the same data file.

Main nput File Hame

| input.LIN The main input file will be used to write the lattice

and input commands. k is the only required VO file.
Main Qutput File Name

I Parmila.out ‘Thiz output file will be opened automatacally after
returning from module calculations.

Auxiliary File Name IniOut Type Data Specification Open
! part_dil TXT iOutput :_I ISCaﬂer Plot _V_i i Final ¥Hvs ) | Only From Menu Li
Pescription:

! Final Beamy' ve y

Figure 111. File 1/O Specification window with
several Graph Plots for a PARMILA-2 OModule.

When a user is working with the PARMILA-2
OModule in PBO Lab, the Commands menu for
PARMILA-2 has an entry titled "PARMILA-2 Plot
Specification."  Selecting this entry opens a list
window, called PARMILA-2 Plot Options, with all of
the available Graph Plots specified for the OModule

Figure 112 illustrates an example of the PARMILA-2
Plot Options.

The OModule Plot Options window provides the plot
Type, Description, Auxiliary File Name and Open
selection for each of the Graph Plots defined Far t
OModule. When an OModule user selects an item in
the list, the Plot Selection button becomes active.
Selecting the button opens the plot window.
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EH PARMILA-2 Plot Options <]

Fietelestion |

Figure 112. A PARMILA-2 OModule user selects
graphs from the PARMILA-2 Plot Options list.

The PBO Lab Plot Tools provide a standard set of
features that make the creation of useful, interact
graphics displays for most types of data amendeble
plotting. The PBO Lab (Basic Package) User Manual
describes the features of the PBO Lab Plot Todlse
OASIS Module Builder supports the integration of th
Plot Tools, customized to the requirements of each
OModule.

Specialized graphic displays, which fall outside th
scope of the PBO Lab Plot Tools, can also be
integrated with OModules. For example, the
PARMILA-2 code has a separate program named
"Lingraf.exe" that is used to display graphs the¢ a
unique to PARMILA-2. A very simple OModule has
been constructed to execute the Lingraf.exe program
following a PARMILA-2 run. That OModule can be
used to automatically display the native PARMILA-2
graphs for that run.
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A PARMILA-2 OModule user
can select an entry in the
PARMILA-2 Plot Options list,
and the Plot Selection button
will become active, which is
used to display the desired
plot. For example, selecting
the entry Final Beam y' vs y in
the list and then pushing the
Plot Selection button will open
a window identical to that
shown in Figure 108.

All Stored Plot Data Specs
(Part 1) developed for an
OModule will also be available
to an OModule user through
the PBO Lab Tools menu.
OModule users can readily
create their own Plot Tools
utilizing these User Plot Data
Specs.
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Optimizer Integration

The PBO Lab Optimization Module provides two
nonlinear, constrained optimization programs that c
be utilized with other PBO Lab Modules. The
optimization programs NPSOL and MINOS were
developed in the Systems Engineering Department of
Stanford University and provide two different, nnult
algorithm programs capable of optimizing many
(~100) variables to minimize an objection function,
while simultaneously satisfying many (~100) nondine
constraint conditions. OASIS Modules can alsaadil
these optimizers. The integration of these optnsz
with an OModule is discussed here.

Optimizer Variable Parameters

The set up of a problem in the PBO Lab Optimization
Module has three parts: (1) selection of the patars

to be varied, (2) specification of the objectiver (0
merit) function to be optimized (minimized) and (B
(optional) specification of nonlinear constraintsatt
must be simultaneously satisfied. The selectiothef

(1) Optimizer Variables is straightforward usingeth
PBO Lab Special Parameter Settings ('S" buttons)
when the Optimization Module is installed. There a
no OModule specifications that need to be developed.
Any Piece parameter in PBO Lab is automatically
available as an Optimizer Variable.  Parameters
selected for use in an OModule will thus automdiyca
be selectable as Optimizer Variables.

To make an OModule work with the Optimization
Module, the computation engine outputs from the
OModule need to be identified and made available to
PBO Lab. Those outputs can then be used by the
Optimization Module for computing (2) the merit
function and / or (3) the nonlinear constraints.
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The selection of OModule
variables to be used by the
NPSOL or MINOS packages of
the PBO Lab Optimization
Module requires no special
setup. All parameters of PBO
Lab Piece Windows are
available for use as Optimizer
Variables, and their selection
for that purpose is the same as
for any other PBO Lab Module.
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Bun input Fils

List Windaws
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item

OW./"
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Storage Parameter Description

(fills in based upon selection)

Tab Pages for Parameters
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(each tab page different)

Accept & Delete Buttons

List of Defined Storage
Parameter
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Optimizer Storage Parameters

The merit function and nonlinear constraints are
constructed in the Optimization Module as functiohs
Storage Parameters (and also Optimizer Variables if
desired).  Storage Parameters are used to store
specified outputs from the computation engine of a
PBO Lab Module. The specification of the outpiatst t
the computation engine will provide, and the
assignment of OModule names to the corresponding
Storage Parameter for each specified output, ifirste
step in setting up Storage Parameters for an OModul
Figure 113 illustrates a setup window for selectngl
specifying Storage Parameters. Storage Paranaters
always associated with a particular OModule and its
underlying computation engine, so the OModule name
appears in the window title. The example shown in
Figure 113 is for the DIMAD-sample OModule.

52 DIMAD-sample Storage Parameters

Description Key Word or Type Code

f f f f f

Twiss Parameters IAcceleratur Function Alphax ;j
Accept
Dispersion Parameters lAco&l&ratcr Function EtaX ;I
Beam Centroids iHorizontaI Beam Centroid Pogition (%) L’
y ; Delete
P Beam Envelopes IHorizontaI Beam Half Width (x) __'_I
Description Key Word or Type Code

LD

Figure 113. DIMAD-sample Storage Parameter set up
window
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