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MARYLIE is a FORTRANprogrammaintainecand distributed by Dr. Ale®ragt.
MARYLIE is included withthe PBO Lab software with the writt@ermission of
Dr. Alex Dragt. This Sectiodiscussethe PBO Lab Commands and thetput
options for the MARYLIE Application Module. The MARYLIE program is
described in the MARYLIEB.0User'sManual which is included inthe PBO Lab
2.0 User Manual Supplement:. MARYLIE Application Module.

The MARYLIE Program:
MARYLIE Copyright 1990, Alex J. Dragt. All rights reserved.

REVISION RECORD:
June 1998, February 1999, April 1999

DISCLAIMER NOTICE:

The MaryLie 3.0 program is provided "as is" without any warranty of any kind. No
warranties, expressed onplied,are made that the program and its procedures are
free of error, or areonsistent wittany particular standard ofierchantability or
fitnessfor a particular purpose, or that theyll meet your requirements for any
particular applicationThey should not beelied on forsolving a problenwhose
incorrect solution could result in injury to a person or loss of propenypulfuse

this program in such a manner, it is at your omgk. The authors antheir
agencieslisclaim allliability for direct,incidental, or consequentidamageesulting

from your use of the program.

MARYLIE is included withthe PBO Lab software under a written agreenaetht
Dr. Alex Dragt. The MARYLIE program is described in the PB&bh 2.0User
Manual SupplementMARYLIE Application Module, which is included with the
PBO Lab MARYLIE Module software.
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1. Getting Started

This Section is intended as a quick start introduction for
running the MARYLIE Application Module. The
remainder of this Supplement descriltes PBO Lab
user interface featuréisat arespecific tothe MARYLIE
Application Module. Refer to the PBO Lab Us&tanual

for more general information orthe PBO Labuser
interface. TheMARYLIE 3.0 User’s Manuatlescribes
the MARYLIE program.

Running MARYLIE

When theMARYLIE Application Module isinstalled in o

PBO Lab, aMARYLIE option will be added to thefsoert th,\ﬁ A’“E@'f?é'o‘?r?mfﬁ‘é
ApplicationContext pop-up in Document windows. Th&yjication Contexipop-
ApplicationContext is used to indicate native inputs ang, which is located in the
In some cases acceagplication-specifiparameters for Document windowbutton
an Application Module.MARYLIE sub-menus wilalso bar.

be placed in th¥iewandCommandsnenus.

The Commandsgull-down menu in the PBO Lab
Document window contains sub-menus for amstalled
Application Modules. Execution of MARYLIE is
accomplishedrom theMARYLIE Commandssub-menu
as illustrated in Figure 1.

Calculate Beamling kap
Single Pass 3
b ulti-T urky 3

¥
»
4
»
3

TRACE 3D

wirite [nput File and Yiew
‘wiite Fitting Files and Yiews

Frun MARYLIE Input The MARYLIE Commands
Make a MAF Fiece sub-menu is used Bnglect
Creae Poceduae Loop various Commanaptions
Femoxs FrocedueLoop for running theMARYLIE

Fiting Variables Application Module.

Fitting Congtraint Expressions
LCouple Yarables

Generate Distribution
Flat Initial Dristribution
Plot Final Distribution

Diptions

Figure 1 MARYLIE Commands Sub-Menu.
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The Commands sub-mendor the MARYLIE

Application Module is dividedinto six groups of

commands in Figure 2 below. The first grocgntains

the primary execution commands fOalculating a Beam

Line Map and for performing &ingle-Pass oMulti-Turn

Ray Trace or Element by Element Ray Trad&hen The MARYLIEApplication
using these commands, MARYLIE will bexecuted Module providesseveral
automaticallyafter application-specifi¢native)input is options for executing the
generated from the bealime in the DocumentModel MARYLIE program.
Space.

Calculate Beam Line Map
Single Pazz L
FALIt-T Lirry »

Commands for Calculating the Beam Line
Map, Executing a Single Pass or Multi-Turn
Raytrace or Element by Element Raytrace

Wit |nput File and iew
Write Fitting Filez and Wiew :

Commands for Separate Generation of Inpﬁt
Burn "MARYLIE [hput’

for MARYLIE and Execution of MARYLIE

Make a MAF Piece

Command to Calculate a Map for a Selectio
of Beam Line Elements and create a Map Piece

Generate Distribution
Flat [ritial Distribution <
Flat Final Distribution

and Distribution Plots.

T

Commands for Generating Particle Distributﬁns

Perform Fitting

Create Procedure Loop

HEI‘I‘IDEE Frocedure LDDI:I < Fitting and for Quick Access to Variables an

Commands for Setting Up and Performinﬂj
Constraints for the Entire Beam Line

Fitting “fanables

Fitting Congtraint E=pressions
Couple Vanables

Options 1 Order, Output Result and Other Preference

1

Access to MARYLIE Options for Calculatioﬂ

Figure 2 MARYLIE Application Module - Commands Sub-Menu.
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The second group of commands are used gensatve

MARYLIE input without automatically executing the

program. The inputs generated by PB@b can be

edited directly and then the last command in this groLrj1 “Lgﬁ”ﬁﬁ%ﬁég"gigfg
can be used to execuMARYLIE with the modified running MARYLIE.
inputs. These commandse provided for expeusers

that areexperienced withthe format and syntax of the

various MARYLIE input files.

The next groupcontainsone command that is used to

create a Map Piece forselection of pieces ithe beam

line model. Lie Mapsare anintegral part of the

MARYLIE program and the Map Piecprovides an

intelligentuser interfacéor editingand visualizing map Refer to the
data. The Map Piecencapsulates, organizes and Map Piece Section.
displaysmap data. The Map Piece also suppeaang

and loadingmap data using externéiles. The Map

Piece Section describethe Map Piece window and the

Make MapPiececommand in thé8eam LineElements

Section.

Options for generatingarticle distributionsind plotting

initial and final distributionsare in the nextgroup Refer to the
commands. Thd&eam Piece Section describethese Beam Piece Section.
commands.

There are a variety of commands in the next gribap

are used toset-upand performfitting. The first

command in this group is used to execM®&RYLIE

and perform thespecified fitting proceduresThe next

two commands are for creating and removing Procedure

Loop Sublines. The last three commands in this group

are used fodisplayand access tthefitting andcoupling Refer to the
variablesand thefitting constraintdor the entirebeam Fitting Section.
line model. Refer to theMARY LIEFitting Section for a

descriptiorthe fitting commandsand thespecification of

fitting procedures.

The last group in theMARYLIE Commandsmenu

contains one command to access MARYLIE options for
calculationorder and output result, eddition to output

file options and various othereferences. Thesgptions Refer to the
are discussed in thdARYLIE OptionsSection. Options Section.
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This Getting Started Section is only intended dsief
overview of running the MARYLIEApplicationModule

in PBO Lab. The remainder of this Suppleny@owides
more information on the material presented in the Getting
Started Section, as well as other important subjects on the
use of MARYLIE in PBO Lab. Referto the PBO Lab
User Manual formore generahformation onthe PBO

Lab userinterface. Allusers are encouraged to read the
entire User Manual.
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2. User Interface

This Section describéke uselinterface components that
are specific tothe MARYLIE Application Module. Refer

to the GettingStartedand User InterfaceChapters of the
PBO Lab User Manual for more information on the PBO
Lab userinterface. TheMARYLIE 3.0 User’sManual
describeshe MARYLIE program and is referenc&éom
this Supplement.

Beam Line Global Parameters

The Beam LinélobalParameters were introduced in the
Getting Startedand UserInterface Chapters of the PBO
Lab UserManual. This Section discusste Global
Parameters that are used by MARYLIE Application
Module.

The nativeGlobalParameters foMARYLIE include the
Particle Charge, Particle MasBeam Energy and
Frequency. These parameters mdicated withGreen
Dots in the Document window shown in Figuré&ow.
These parameters are also used for a variety of PBO Lab
calculations and displays.

Green Dots Indicate Global
R Uit Parameters used by MARYLI
File Edit “iew Commands Tools utarial
{Ase'e“ MARYLIE 9—>l—_l S eI 1.

ppllcatlon Conte 7. | =X | Glohal Parameters Value Tnits Limits \/

1
05110 2.22E+005 ©
00010 1.00E+010 &

00000 1 00E-007

30000 3.00E+004 ©

0.0020 10.0000

Scroll Bar Provides Access to Additional
Global Parameters used by MARYLI

4| | »
[ 0 Pieces

Figure 3 MARYLIE Application Context.
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MARYLIE also useghe last threeGlobal Parameters,
(not shown in Figure 3) which ameccessed using the
scroll bar on the right side of th&lobal Parameters
display. The Number ofMacro-Particleparameter is
used with Beam Piece parameterssfecify aninitial
particle distribution. The Number of Trackingurns
parametespecifieshe number ofturns” through the
beam line model. The Outptstributionsparameter is
used to specify on whidlurns datawill be collected for
multiple turns through the model.

Beam Line Elements

The PBO Lab Pieces implementeidr MARYLIE are
listed in Table 1 below. NatiVIARYLIE inputs for
these elementareindicated inthe Piecenvindows. As
with the Global Parameter§reen Dots are found to the
right of Piece parameters that are nativputs. (The
ApplicationContext must be set fAMARYLIE in the
Button Bar of the Document window.)

Table 1 PBO Lab Pieces implemented for MARYLIE

Beam Sector Ben 'O‘ Lens A1 Marker
Bea Lens Marmker
Drift Rectangulg ﬁ Rotate % Map
Drif Bend Renhate Map
= 57
e Quadrupole Bend % Sextupole % Operator
Quad Semt, Cperator
JWU Solenoid ? Edge @ Octupole % Analyze
4
A1F | RF Gap
RF Gap

The Piece window useinterface is described in the
Getting Startedand UserInterface Chapters of the PBO
Lab UserManual. Howeverthe Map, Operator and
Analyze Pieces havapplication-specificnterfaceswhich

are described separately in this Section. In addition to
these Piecethe Beam Piece and the Marker Piats®
have MARYLIE specific features.The Beam Piece is
described next. The Marker Piece is descrimgzhrately

in this Section.
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Beam Piece

The PBO Lab Beam Piece is usedébect betweefour
different particle distributionypes forMARYLIE: 6-D
Equivalent Uniform,4-D Equivalent Uniform(KV),
Gaussian (5-Sigmand Rectangular. The distribution
type is selected witkthe Particle DistributionType pop-
up at the top of the Beam Piece window. ™Haeticle
Distribution Type pop-up is shown in Figure 4, with the
default 6-D Equivalent Uniform distribution type selected.

The MARYLIE initial particle distribution is alsdefined

by the Twissparameters in the Beam Piece window. The
Courant-Snyder (Twissparameter set iselected in
Figure 4,illustratingthe Green Dots for thmMMARYLIE
Application Context.

(Generate Particle Distribu@n

o sl P T - & g i o EPS ot o - Baie bas a4 ma L, ca
Tutonal) Generate Distrbution) wiepy foan Firal Jopr o omipt Jormbisers Comp From daxis | Autolcale Plots | Set Plot Scales

|r Element T Centroid ]
| Particie Distribution Type ‘5,[) Equivalent Uniform Li @ %, ¥ ()
T ‘ ' 21865
Beam Parametars ‘cwam_gnyder (Towriss) j j2.2 S
oy
Value Tiite Limite \mmy_) ﬁ \\\\
il N
I4'°°°° ! e ;! 00000 1000000 @ \\ J}
[0:1840 1000000 100.0000 @ 21885 \\—7:/
Ganssian [ 5-Sigma)
FRectanznlar II.SOQ‘? Im."rad L! 0.0000 1000000 © 32080 08 osee |
3| Emittanze (') |5.9999 I s j 00000 1000000 &
o| alpha vertical o 04e0 -100.0000 1000000 © ——— Iz (i)
Comrant-Snder (Trwiss) 2| beta vertical |1 5097 |m,',,ad zl 0.0000 1000000 @ -
Semi-dxes LHEXEY
i (Ee¥)
5| Emittance (z-2) [4310.0000 [ s =] 00000 1.00E+004 © oa
2| alpha lonzitudimal |_4 a0 |P}Lase—megyj -100.0000 100.0000 ©
g| beta longitudinal |g.205g |deg."keV j 00000 1000000 © -326 9228
-37.7735 00 13773738
Conuments: =i i o
| IBE_L_MDDDD

Figure 4 Beam Piece Particle Distribution.
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The Beam Parameters pop-upay be used teelect
between thelTwiss parameteset of theSemi-Axis beam
parameters. Thesare independent sets giersistent
parameter data that can be usedliéfinetwo different
initial beams or can bedefined astwo different
representations of the same beam. Wheftties beam
parameters arselectedthe Compute FromSemi-Axis
button will calculatethe equivalent Twiss parameters for
the currentSemi-Axis parameters. Whehe Semi-Axis
parameter set selectedhe Compute FronTwissbutton
will calculateahe equivalent Semi-Axiparameters for the
currentTwiss parameters. ThHeéompute From..button

is in the button bar at the top of the Beam Piece window.

The GenerateDistribution button in the BeanPiece

window is used to generate and plot $specified particle

distribution. The Marylie Inputand Emittancdiles are

generated from the Beam Piece parametersGiolohls.

MARYLIE is called togenerate the neWistributionfile, Existing MARYLIEInput
but the standard outpiite is not opened. InsteadRlot and Output files arever-
Specificatiorwindow Is opened. Figure ilustrates the written with theGenerate
Plot Specificatiorwindow and examplaitial distribution Distribution button.

plot windows.

Limite

00000 1000000 O

uM . @
00000 1000000 ©

00000 1000000 ©
00000 1000000 ©

Eromr=] IO MANM @

Figure 5 Generate and Plot Particle Distributions from the Beam Piece.
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Several features othe PlotSpecificationrwindow are
illustrated inFigure 6 below. Radio buttons tite top of
the window select betweed-D Projectionand 2-D
Correlation plots.
- - Select between 1-D Projection
Specify Vertical Componen and 2-D Correlation Plots
for 1-D and 2-D Plots
Specify Horizontal . . Select Axis Range for
Component for 2-D Plots [ff)[;écgy Bmt.S'ZePTOD Vertical and Horizontal Generate the
rojection Fiots Plot Components

Specified Plots

Manrylie Initial Dist. Plot Specification

Plat Selection: | ( 1-D PiojectionFlot  # 2-D Correlation Plot
S

Projection Axis Ein Size Tnits Al Range Set [ |

If a Plat Specification is
Selected in the List ther
the Set Button updates
that entry , otherwise a

Vertical d - ad B g .
sl [r ] [1o00 = [ 10000 [ 10000 Dalste ! New Plot Specification
Flots

is Added to the List

Hoswomtal [y v| [0200 o [-5000 | 5000 ¥ Auto Scale
)

v

ZEN NSO 2 00

Tee. ‘ Delete a Selected PI
Specification from List

Auto Scale Axis Rang
Values to Fit Data

List of Plot Specification

(Select with Mouse) | < |

ot

J

] ——
i
] 26,8514
]
o0olsl p 1
Zadl vy 137372 LEGEND =
00008 F -
55 Waryic Plof Window | ¥ e ¥ (e
Printhopyl Then e T
ooz [
260864 o3 T T
.
s
T
e 124913
., \'5""'..
-0.0278 1 1 r e tedn
-30.2984 -15.7080 B EN R ‘i“ WY
\ s LN, |
& () A X . Nl e
TN . 2se0ss Lot ol e
e P - g L -5.4452 -2.7401 -0.0310 26781 53871
it ) ¥ (rad) vs. Y (2 - Seatter Plot
03080 F :
12581z | 4
.3 |
TP I I TTIN I P =
58563 20583 -0.0616 28358 57332
' (rad) vs. E {5 - Sratter Plot

Figure 6 Initial Distribution Plot Specification Window.

n
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The Distributiondata generated by MARYLIE isix-
columns of real numbers (x, xP, vy, yP, z, zP) that can be
used to produce armgombination of 1-D plotprojection
and2-D correlation plots. Thelot Specification window
illustrated inFigure 6 shows the Projection Axpsp-ups
for selecting Verticahnd Horizontaldata from the six
column Distribution data.The PlotSpecification window
also includes aheck box for autscalingthe graphaxes
to fit the data. Alternatively,the axes may bsepecified
directly inthe inputfields provided. The bin sizanput
field is used for generating 1-D Projection plots. Phat
button is used to generate thgecifiedplots inindividual
Plot Windows, as illustrated in Figure 6.

Any parameters for any Beam Piece in thecument

window (Model Space or Work Spacean be used to

generate and plot amitial distribution. However, the

Distributionfile is overwritten by MARYLIE each time aany plot specificationthat

new distribution is requested. (line case okxecution are made from aBeam

commands such as Ray Trace, a mastributionfile will Pieceare persistentdata

be automaticallyequested unless this option Hamen With that Beam piece.

disabled inthe MARYLIE Options window.) Any plot ﬁg\?ethaenr iﬁ’ggm Piecevil
P e pendent sdt 0

specificationshat are made from a Beam Piegadow ot specifications

are persistent with that Begmece. Another BeanPiece

will have independent plgpecifications. There arealso

commands inthe MARYLIE Commandsmenu to _

generate and ploinitial distributions. The Generate Command menu items to

Distribution command uses the Beam parameters of &%ﬁtlenit?;”'gigg%&ﬁgﬂd

first Beam Piece found in the beam line mo@ellking 4y similar to generating a

the model left to right) in order to write threquired distributionfrom a Beam

input for MARYLIE to generate annitial distribution. Piece.

This command doesot automaticallyopen theMarylie

Output window or the PloSpecification window. It

simply generatethe inputfiles andcalls MARYLIE. The

Plot Initial Distribution command can be used to open a

Plot Specificatiorwindow for the Distributiondata file.

(Thiscommand can be used at any timespecify up to

six plots of theDistributiondatafile, independent of any

Beam Pieces.)

10
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Map Piece

Lie Algebraic Mapsire an integrglart of theMARYLIE
program and thd®BO Lab Map Piece provides an
intelligentuser interfacefor editing and visualizing
MARYLIE map data. The Map Pieancapsulates,
organizes and displays map data, in addition to saving and
loading map data using external files.

A Map Piece can be created foselection of elements in
the beamine model, or a default identitjwap can be
dragged from the Palette Bar and inserted intdodaam
line model. The data for aexisting Map Piece can be
written to an externdile and Map data can beaded
into a Map piece from areviously generatechap data
file. However, it is not necessary to save Maipces in
separate externéiles. All of the data for Map Pieces in
the Work Space and Model Space are saved with the
PBO Lab Document. Thielake MapPiece command

in theMARYLIE Commands sub-menu is used to create
a new Map Piece for the current bedime model

selection, as illustrated in Figure 7.

I e
Fle B Miew | Lommatds 1002 1 Uona

iz TP o 3 o] B 385 0 o |

TURTLE Wi A ;] =
MaRTLIE |4 Calculate BeamLine bMap Limits -

: : #  Single Pass L4 1 93 @
Beam I TRACE 2D b MuliTum v ‘ -
Farficle Wass :II 05110 2 22F+005
Winte [nput File and Yiew

J Beawm Enerse D Ty 7i 00010 1.00E+010 -

midt [ il e Jia =
—1 || Beemcumen S G G -] [ Make a Selection in the Bea

B I Frequency Line Model then choose th I

Create Procedurs Loop I | I E = | I I
Rermaove Procedure Loop —_ L m@@ _ mﬁﬁ
i I P I [ | =L
U3 Fitting Yariabies i I8 ] e Gri I | I
_ Fitting Conztraint Expressions S _ o .
2 h b i Llg 4 oig 1l L1s
LCouple Variables
Dptions " I

1

|

v AP Fiece = L |
Plat Final Distribition

Petfarm Fitting |

il

| _1
! ! 17 Pieces Il

Figure 7 Making a Map Piece from a Selection in the Beam Line Model.

11
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A Map can only be made fromeces inthe ModelSpace
of the Documenwindow. If the Make MapPiece
command is used without selection inthe beamline
model then theravill be analert and a Map Pieeall not
be created. A selection of Piecedlve beam line may
contain standard Elements, Sublinespcedurd_oops,
other MapPiecesand Aliases of allthese as well. A
selectiomnay be asinglePiece or includéhe entirdoeam
line model. Creating Map for the entire beaime is the
same as using theéalculate Beam Line Mapommand,
except that using the Map Piece loads that data into a
Map Piece and th€alculatecommand writes the map
data to the Marylie Output file.

When theMake Mapcommand is executed withvalid

selection inthe beamline model, then PBQ.ab will

generatethe required inputsand call MARYLIE to

generate a map dafde. Followingthe execution of

MARYLIE the Marylie Output file is not automatically -
opened, instead the map détais automaticallyoaded bcéeaaﬁqe a| mgp ?Lﬁhfeaﬁ{‘é'{e
into a new Map Piece which is created on WWerk tracking calculations.
Space of the Document window. It can be placed in the

beam line by dragging it with the mouse anserting it

into the model at thalesired locationThe original

selection of piecesised to create the Map are not

changed in the beahme. The new Map could be used to

replace those pieces, resultingmore efficient tracking

calculations. However, pieces used to create a Map can

not be recovered from the Map data.

Alternatively, aMap Piece can be used in the bedaea

by dragging a default identity Map from the Palette Bar
to the Model Space of the Documewvindow. This is
illustrated inFigure 8. Placing a default Map Piecehis
way could be used fdoading Mapdata from arexternal
file, editingmap datadirectly, orthe Map Piece could be
followed by Map Operatorand/orAnalyze MagPieces to
archive a desired result.

A default Map Piece (frorthe Palette Bar) represents an
identity map. The first-order matrix is an identityatrix
andall f3and f4coefficientare zero, so there is riata

in the f3 and f4 tab panels of a default Map.

12



PBO-Lab - Untitled =

Fie Edi Yiew Commands Ioois Tutora

huanrie =] BI1E) OS] BN 3< @l el B 37 X

B

£

= I Global Parameters

Units

Limits

Particla Charge

loms 2onn

Particle Mass

Beam Current

Frequency

Mlasinmun Siep Size

1

3

05110 2 22E+005

00010 1.00E+010

I -

s PBO Lab 2.0 User Manual Supplement: MARYLIE Module
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Comments:
IMAP

Figure 8 Dragging a Default Identity Map Piece from the Palette Bar.

The Map Piece window has a button bar and three tab
panels. The frontab panelis for the first ordematrix
data of the map. The second and third panelsised

for non-zero f3 and f#olynomial coefficients of the
map data. Thesmoefficient valuesire cataloged by an
index and a term code. Figurel@strates aViap Piece
window, showingthe R-Matrix paneland the two
polynomial coefficient panelsThe f3 and f4 panels are
identicalwith the exception of aadditionalpop-upused

to specify f4 polynomial terms.

Figure Yillustratesthe series of pop-upthat are used for
specifying a polynomidgkrm, which is represented by a
particularterm code inMARYLIE. The pop-upchoices
are{x,Px,y,Py,z,Pzand None}. These ar&ssmart” pop-
ups that dynamicallyadjust themselves in series to
provide only valid choices based on previahsices
(e.g. choicedor the second pop-up depend on the
selection inthe first andchoices forthe third depend on
the second). Onlythe choiceghat include orarebelow
the selection othe previous pop-up in treeriesarevalid
choices for the next pop-up.

13
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Button Bar in the Map Piece Window for Displaying
the f3 and f4 Map Coeffecients with Spectrum Plots
and for Saving and Loading External Map Data Fjles

Dy P gy FY| Lowt e i Soe op |

RMatric ) =T X— ) ST —

i=1 2 3 4 5 3

1 [2331442  [0275478  [oooooo0  fooooooo — fo.00o00o o nooooo
2

o ez o
5 [ooo0000  [o.o0oo00 | [o.000000  [oooonon  [1oooooe  [138.765775
6 [oooooo0  [o.0oo00a  fogoooon | [osoonan | Jooooone | [1eonacn

Three Tab Panels in the Map Piece Windpw
Provide Access to the First-Order Matrix,
f3 and f4 Poloynomial Coefficients

Comments:

FeMatrix 1

First-Order R-Matrix ]

/C
%5 6 Smart Input Fields for

Polynomial Coefficient
Indices and Terms
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Figure 9 Map Piece User Interface Window.

Figure Yillustratesseveral features of the Map Piecer
interface including an editable displey the first-order
matrix of the map, sortelistsfor non-zero f3 and f4
polynomial coefficientsand smart inputfields for
specifying polynomiaterms by index or by using the
term pop-up controls.
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Figure 10 illustrates anexamplefor the “xyPy”
polynomial term (index 96). The first and second pop-ups
are set td'x”, representing% the third pop-up is set to
“y” so the forth pop-up can only contain {y,Py,z,Pz and
None}. If“z” was selectethen the forth pop-up/ould
contain {z, Pz and None}. These pop-up selections define
the MARYLIE term code (20 11 00), which in turn has

an associatedhdex (96), which together identify a

particular polynomial term3yPy”.

B3 Map

Display F3| Display 4| Load Map File| Save Map Fils|

oY b 2 Dmlamamaaial b ol = T P |
F-Matnx 5 Mok e piimkis

L
fu
e
i
;
b
i
<
i
;

Index Term Coefficient Valie Unit
6 |« |} =llr =lfer x| [es0831589 Tim*+2

Accept i Dialeta |

Index I Term | Coeficient Value

201 206045

W mow wwm

20 00 02 6755560764

Figure 10 Map Piece Window - f4 Polynomial Terms..

Non-zerocoefficientsaredisplayed inthe scrolling lists at

the bottom of the f3 and fganels. Coefficients are

added to thelist by settingthe term pop-ups, the
coefficientvalue and pressingthe “Accept” button.
Coefficientsalready in thdist are edited byelecting from
the list and changing theoefficientvalue, thenpressing
the “Accept” button. Similarlythe “Delete” buttonwill
remove aselectectoefficient. Selectingfrom thelist will
hilight the selectiorand automaticallyset the ternpop-

ups anccoefficientvalue so the user can edit or delete the

selection. The lists ofnon-zeropolynomial coefficients in
both the f3 and f4 tab panels are sorted by index.
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The Map Piece also provides two buttons in Bugton
Bar of the Piece window for generating Spectriiots
of the f3 and f4$olynomialcoefficients. Anexample is
is illustrated inFigure 11 below. The SpectruRlots
show therelative magnitude ofoefficientvalues(vertical
axis)for all coefficients(horizontal axis). The Spectrum
Plot windows support zoom-in and zoom-out features

Valid f 3 polynomial coefficientsange from index 1 to 83
and the range for f4 is 84 to 209. Refer to the
MARYLIE User's Manualfor a complete listing of
indices and terms.

e !
P Gopy] P b o ] ]

aaaaaaaa

x

|

|

|
Eree |3
—11032325‘- ‘ -

|

¥:

E Lenn ;i
e | Polynomial coefficients can
be quickly visualized with

Map Spectrum Plots.

1511011
F4 Folymomial List

i E EEE‘E‘E‘E‘E‘ 0.000000 0.000000 [0,000000 !E'E'E'E'E'D?” SpECtrum PIOtS for f3 and f
— Polynomial Coeffecients

Figure 11 Spectrum Plots for f3 and f4 Coefficients.

Map Operator Piece

The Map Operator Piece provides anterfacefor a
variety of simpleand advanced map operations that are
supported byMARYLIE. Map operations arapplied to
the transfer map at specific locations irthe beamline
during a MARYLIE execution. The location is
established graphically by simplgragging Operator
Pieces fromthe Palette Bar anohsertingthem at the
desired locations in the beam line model.

16
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Selectthe map operation to be performed in the
Operator Piece windovdouble-clickkhe OperatoPiece
after placing it inthe beamline). An OperatorPiece
performs only one operation. However several Operator

Piecesnay be usedequentially osseparately in thbeam
line.

The Map Operator Piece windowilkistrated in Figure

12 below. The front tab panel is f8impleOperations
that replace thexistingmap based on theelected map
operation. The existingap is the magalculated up to
the location of the Operator Piece in the bedime.
Simple operations require no inputs, simply select the
radio button corresponding to the desired raperation
and itwill be applied atthat location inthe beamline

= |
|
i
Operation Type ISimpIe Operations j |
Tivranle Cnorstinme ' Nl s, A e etimme l‘ THove o ol Bretvicis ] |
Simple Operstions i Advanced Onerations i Store snd Retrisve 1
il |
Simple Map Operations
*" Replace existing map with the ldentity mag ]
{" Replace existing map with its Inverse " N
Operation Type | Sdvanced Operations |
' Replace existing transfer map by its Transpose
® stz eriing me il i Feveise [ Simple Operstions I Advanced Operations m Store and Retrieve
™ Replace existing map with its Reverse Factorized Form
' Replace existing map with its Suare Advanced Map Operations
s Symplectity R-Mstrix Part of Existing Map
Comments: Trest Existing Map a2

e lb‘[aﬂc hiap |- |

ichen UUtFOEIESEE iCaery around Idertity Map ;i

r - - 1
" Translate Existing Map Basis From | “ariesian i Static Resonance -]

" Exponentiate Existing Map  Exponert = |1 oo

Comments:

i iden

Figure 12 Simple Operations Tab Panel in the Map Operator Piece Window.

The second tab panel in the Map Piece window is for
Advanced Operations. There are threeadvanced
operationsthat provideadditionalpop-upselections or
other inputs that become active when the radio button for
a particular operation is selected.

Each Map Operations Piece aamplement a Simple or
an Advanced Operation Type. The Operation Type is

specified by the pop-up at the top of the Piece window.

17
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Map Analyzer Piece

The Map AnalyzerPiece is special PBO Lab piece for the
MARYLIE Application Module. It is similar to the
Marker Piece, because it is used dpecify a variety
diagnosticoutputs atspecific locations irthe beamine
model. However this piece is only used by the
MARYLIE Application Module. AMap AnalyzerPiece

in the beam line model performssangle analysitask at
thatlocation inthe beanline model. Figure 13 shows an
example of the Map Analyzer Piece window.

ﬁ Map Analpzer E |
Analysizs to be Performed ITWiSS Lnalysis j

T by b by b i k]
Twiss || Resonance | Mormal Forms | Invariants | Power | Exponert |

& Analyze Static Map Momentum Spread ICannnicaIPt j = |EI.EIEIIZIEI
= Analyze Dynamic Map
Analysis Data

[ Compute Tunes, Anharmaonities, Tune ExpansionsChromaticity)
[ Compute Twiss Parameters, Envelopes, Twiss Expansions
[T Compute Eigenvectars, Eigenvector Expansions

Cutput Resuts (Mo EI
Output Maps to Marylie Data File

[ Closed Orbit Transforming Map Ac, Marmal Formal Mag M
[ Betatron Factar B, Betatron Transforming Man Ak

Comments:

U
&=

Figure 13 Performing Map Analysis tasks with the Analyze Map Piece.

The pop-up at the top of the Map Analzer window is used
to specifythe particulartype of mapanalysis to be
performed. Input parameters for eachtbé analysis
tasks are provided on separate pEmels inthe Piece
window. Each of theanalysigasks supported by the
Map Analyzer Piece ardescribed herencludingtwiss
analysis, resonance analysirmal form analysis,
invariantanalysisand computing the power of tinermal
form.

18
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Twiss Analysis

The front tab panel of thAnalyze Map Piec&indow

provides options for performinfwiss Analysis. Figure

14 illustrateshe Twiss Analysigab panel. Twissanalysis

can be performed on either the static or dynamag,

which is selected witthe radio buttons at the top of the

tab panel. Theother choicesvary depending onthis

option. For static Mapanalysis aMomentumSpread

Variablemust also bespecified. For both static and
dynamicanalysisthere are three options that may be

selected.For staticanalysighese are: (1) Compulaines

and Anharmonities, (2)Compute Twiss Parameters and

Envelopes, and (3) Compute Eigenvectdrer dynamic Refer to the MARYLIE
analysisthese three optionsiclude Tune Expansions Yser's Manual, Section
(Chromaticitiesfor option (1), Twiss Expansions for 82483

option (2), and Eignvector Expansions for option (3).

Analysis resultsnay be written to either th&larylie
Outputfile or the Marylie Datafile. Alternatively,output
may be directed to boffles or neitherfile. This option is
specifiedwith the OutputResult pop-up inthe Twiss
Analysistab panel. Additionamap data may also be
written to theMarylie Datafile with the last twooptions

in the tabpanel. These optiorage based on the static or
dynamic analysieption at the top of the tganel. For
dynamic analysithe choices formap outputinclude the
normalizedmap and the Normal Form map. Fsatic
analysighe choices includéhe closed orbitransforming
map with the normal form map and the betatron Factor
with the betatron transforming map.

Resonance Analysis

The required inputs for thResonanc@nalysistask are

on a separatégab panel in the MapAnalyzer Piece

window. The options for thianalysisare similar to the

Twiss analysisask. There are radio buttons for static and

dynamic map analysis. There arealso options for Refer to the MARYLIE
directing the output to apecific fileand for writing out User’'s Manual, Section
map data to the Marylie Data file. 8.4&8.5
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Normal Form Analysis

The Normal Form Analysistab panel of theAnalyze

Piece includes choicdsr staticand dynamicanalysis. ,.tor 1o the MARYLIE
There are also options for outgotludingnormalform (jser's Manual. Section
for exponentsand thecomplete pseudddamiltonian g8 & 8.9 ’
which can be directed to theelectedbutput file. In

addition thereare two options fonormalizingmap and

normal form map data output.

Invariant Analysis

The Invariant Analysistab panel of the Map\nalyzer

Piece has one option for regulawvariantoutput to a Refer to the MARYLIE
specified fileand two options for writing thBlormalizing User's Manual, Section
map and normal form map to tMarylie Datafile. As 810&8.11

with the other mamnalysidasks, there are radmuttons

for selecting static or dynamic analysis.

Power of Normal Form

The lastanalysigask is for computing the power of the

normal form. The tab panel for this tastntains the Befef tcl)\/l the '\l/'AgY'-.'E
required inputsincluding static or dynamianalysis ¢35 >g s ection
options, an input fielfior the power andelections for ~ '

both the source and target maps.
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Marker Piece

The Marker Piece is gpecialPBO Lab Piece that issed
to specifyapplication-specifi€onstraintand Diagnostics
at specific locations ithe beamine model. AMarker
Piece window is shown in Figure 15.

Iyl :"5-:;@5 LT Lo S " BN ) I | T R |

EEPRO-Lab-StoageRingpbol M=)
Eile Edit Yiew Commands Tools Tutorial |
| o

[t — i@‘—' Hlﬁiiimwé G| s 1] S 00] @] k] h

e = arameters ue i elect the ication Context t
| I GonlTammeers ————~ale  Uwis | Select the MARYLIE Application C

F Particls Charge [ . Open the Fitting Constraints Window for the
. Particle Mass Ig_smggg IMEV MARYLIE Application Module

_ —I Eream Energy |14EIEI.EIEIEIEIEIEI IMEV j 00010 1.00E+010 I
Drift

Beawm Curent 5 nooooo | -1

= fo.00g000 |
e Fraquency [350 000000 [ ;’]7//

i
I — Mascirmun Step Size [0 100000 [ x| Comstraints

[Tramsport (B33 + R44 ) 4 2% COS( 0.30%2*P1 ) )| = 1.000000, Tal = |
Tramsport  { R11+R22)/( 2% COS( 0.5542+P1 ) 3| = 1.000000, Tol

Ilarylie TZ =0.550000, Tel= 0001000
Iarylie TY =0.300000, Tel= 0001000

SBend I éq% - I
Beam
arc HARK FINAL chrom. fit = o l;l
ipen I n.emovel
—Diagnostics
| [Tramsport  Bean (Sigma) Matrie _._i
|
"Mark" a Location in the Beam Line fo I [
Specifying Marylie Fitting Constraint —— |
ipen I n.emovel

Figure 15 Marker Piece Constraints and Diagnostics.

There are twacrollable lists ithe Marker Piecevindow

that display selected Constrairaad Diagnosticgor any

installed Application Module. The example shown in

Figure 15 has Constraints specifiedor both Ei?tfienr tOSetCht?O'\r/]"L}E;(L'aE
TRANSPORT and MARYLIE. A single Diagnostic is descriqption of theVlarker
SpeCifiedfor the TRANSPORT Module. Application- Pieceand Marylie Fitting
specificwindows, tailored tdhe particulacapabilities of Constraints.
eachApplication Moduleare used tepecifyConstraints

andDiagnostics. The Open buttons in the MarkBrece

window are used to open the Constraint 8magnostic

windows for the currentApplication Context. The

Application Context pop-up must be sdor the

MARYLIE Application Module as illustrated iRigure

15.

21



" PBO Lab 2.0 User Manual Supplement: MARYLIE Module "

The Open Constraintdutton opens thMarylie Fitting

Constraints window, which is discussedtime Fitting

Section. TheOpen Diagnosticsbutton in theMarker
Piece window opens the MARY LIBianosticsvindow..

Marylie “Diagnostics”’are also supported fospecific
beam linelocations withother Pieces, such athe Map
Operator and Map Analyzer Pieces descriregiously.
These pieceare tailored tothe particularcapabilities of
the MARYLIE program.

Procedure Loops

Procedure Loops arespecialtype ofsubline inthe beam _
line topology. In addition tahe properties oSublines, A Procedure Loofsubline
Procedure Loops provide a means of looping throug#® O\?BIE KAS%dl by dthe
sublinefor a specifiednumber of iterations. The odule, ang is
A treated as a armal
Procedure Loopubline is only used bthe MARYLIE g pline by any other
Application Moduleand is treated as a normal Subline pplication Module.

other Application Modules.

Creating a Procedure Lo@pbline is similar tacreating a

Subline. Howeverthe command for a Procedure Loop

is in theMARYLIE sub-menu of the Commandsenu

and there is no Button Baquivalent. The MARYLIE

sub-menu in the Commands menu is @avgilable when Thet. Com'ana”ds _for
the MARYLIE  Application Module isinstalled. After 5cedticl bop Sublines
making a selection ithe beamline model, choose thegre in the MARYLIE sub-
Create Procedurd.oop command in theMARYLIE menu of theCommands
Commands sub-menu. Thkelectionwill be turned into a menu, which is only avail-
Procedure Loop and yowill be prompted toenter a able when theMARYLIE
value for the number of loofierations. Once the Atpﬁ“ga“o” Module is in-
ProcedureLoop Subline is createdthe number of stafled.

iterations can benodified inthe Procedure Loofubline

window. To remove a selected Procedure Labpose

theRemove Procedure Logommand in thé/ARYLIE

Commands sub-menu. A Procedlwaop Subline can

also be removedflattened)with the Flatten Subline w{afm
command in th&dit menu. TSUSLIE

A Procedure Loop can beasily identified inthe beam ProcedureLoop Sublines
line model by theed letter*P” in the lower left corner are easilyidentified by the

: : red letter “P” that
of the Subline icon. appears on the piece icon.
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Marylie Options

A variety of options includingalculationorder and
output result, in addition to output file options and various
other preferencesire specified inthe Marylie Options
window. The Options window is opened witie last
command inthe MARYLIE Commands menu, as
illustrated inFigure 16 below. Options apply the entire
beam line model irthe Model Space of thBocument
window.

|
P =]
File Edit ¥iew | Command: Tooils Tutoral |

i " el 5<l | o B w1 2] e
A Calculate BeamLine Map Limits -l

=TI,
Single Fass

b ualti-Turn

I Farnicle ulass
J wirite Input File and View
. i Ezzwm Enex, A D e

WTILE CILLDIY Fies ario i D
Bun MARYLIE Input’

Hake a M&P Piece

r‘m—.marah shribu ko onnTn

F'lot Initial Distribution
Plat Final Distribution

Betfartm Fitting
Create Frocedurs Loop

Femove Procedure Loop Calmilation Order

43 Fitting ¥ ariabies
. Fitting Congtraint Expressions — Calelation Order
: -

Couple Yariables = First Order

" Second Order

I ——————
I
' Third Order
$ |

—Chatpat Result

Options for the Entire Beam=— ¥ First Orer (F) Transfer Mataix
H [ Lie Algehrain Generating Polynommal Basis:

Line are Accessed from th
Marylie Options Window

I_ Second Order (T} Transfor Matrix

[~ Third Order (1T} Transfer Matrix

Figure 16 MARYLIE Application Module Options Window.

Calculation Order and Output Result

The order ofcalculationand output result argpecified in
the front tab panel of th&larylie Options window, as
illustrated in Figure 16. A pop-up is provided for
selectingbetween Cartesian,Static Resonance and
Dynamic Resonance basigsed for Lie algebraic
generating polynomials.
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Output File Options

The second tab panel shown in Figure 17 provithesk
boxes for three outpuile options. The Echo Master
Input File option is selected by default. Thigption
causes the inpdile generated by PBO Lab to Ipeinted
at the top of the outpuile. The next option islso
selected by default. During fitting operatiod&gnostic
output will be written to the outputfile if the Print
Details During Fittingoption has been selected.

ﬁ Marylie Options 1]
Calmulation Order ] Cratput File Options 1 General

rOutp'ut at End of Beamline

[¥ Echo Master Input File
¥ Print Details During Fitting
‘ I Print Detailed Twriss Maps

e e e,

g Marylie Options
i e dmlation Ouler T bzt File Otinms T emeral I

Calmilation Srder 1 Cratpat File Oplions i eneral

|7 Auto-Gensrate Distribution on FayTrace Conunands

— Momentum Spread Variable: ICormom'cal Pt - l

—Fitting

Tolerance = 0.0010
Feeler Step Size = IEI.EIEIEII

Figure 17 Additional Tab Panels in Options Window.

General

The first option in the General tab panel showRigure
17, is used toautomatically recalculate annitial
distributionprior to execution of MARYLIE. Thenitial
distributionwill be defined bythe first Beam Piece in the
beam line model. A newlistribution will be generated
each time a ray trace command is execufdus options
is on by default. When this option offiere must be an
existinginitial distribution file inthe application folder in
order to execute ray trace commands.

24




s PBO Lab 2.0 User Manual Supplement: MARYLIE Module

This Auto-Generate option should be off ipeeviously
generated distribution is to be usadlusively. Refer to
the BeamPiece Section and th&xecution Commands
Section for more information.

The next option is the Momentum Spre¥driable.
There are twochoicesfor the Momentum Spread
Variable:“ConnonialPt” and “Delta delP/P”. There are
are also two options foroleranceand Feeler Stefize
that areapplied to all fitting procedures in laeamline
model.

Execution Commands

The first group of commands inthe MARYLIE
Commands sub-menu willautomatically execute
MARYLIE after generatin@pplication-specifi¢gnative)
input from the beanline in Model Space of the
Document window. Each of these commands results in
the Marylie Outputfile beingautomatically displayedin a
scrollabletext window afterexecution of MARYLIE.
This filecan be opened anytime using timput File
option in theMARYLIE sub-menu in the/iew menu.
The MarylieData file can also be opened in thdew
menu. Depending on selected optiah®e content of
thesefiles may includethe first-order matrix,non-zero
elements in the second and third-onaatrices, aneon-
zero coefficients in the Lie algebraicgenerating
polynomial. These options are described in the MARYLIE
Options Section. Both the the input and outides are
overwritten on each execution of MARYLIE. Use the
Save Ascommand in thd=ile menu of the textindow

to rename any I/O files if desired.

Calculate Beam Line Map

The Calculate Beam Line Mapommand waslescribed
in the Running MARYLIE Section. Following the
execution of this command, a Mary@aitputfile will be
displayed.The content depends on the OutResult and
other Output Options that aspecified inthe MARYLIE

Options window.
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Ray Trace Commands

There are two main Ray Traceommands in the
MARYLIE Commands menu. One is for @&inglePass
ray trace and the other is forMulti-Turn ray trace.
Each of these commands has a sub-menu with options for
Ray Traceor Element by Element Ray Trace

TheSinglePasscommands are used to trguaticle rays
once through the beafme model resulting in dinal

particle distribution. The initial distribution is specified
with the BeamPiece, which must be ithe beam line

model for all Ray Trace commands.

The Multi-Turn commands trace rays through tinedel
for multiple “turns”. Thenitial particle distribution is
passed through the bedime model, as it ifor the Single
Pass command, but theesulting distribution igpassed
through the bearfine againand this cycle is repeated for
a specifiechumber of turns, whickieldsthe final particle
distribution. The number of turns through the model is
specifiedwith the Number of Trackingfurns Global
Parameter.

The Ray Trace commands (singlpass andnulti-turn)

traceparticlesthrough the bearine model using aingle

transfer map for the entire bedme. TheElement by
ElementRay Trace commands calculatedividual

transfer maps for each element in the béae) resulting
in a slower but more accurate ray trace.

Write and View Commands

The second group of commands are usedgédperate
native input withoutautomatically executinflARYLIE,
allowingthe input generated by PBO Lab to édited
prior to running MARYLIE. This provides total access to
the native execution of the program for expert users that
are experienced with the format and syntax of the various
Marylie input files. The commandNrite Input File and
View generates a MARYLIE master input fikamed
“Marylie Input” from the beantine model. Thisfile is
opened in areditabletext window, butMARYLIE is not
executed.
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Modificationsmay be made to the inpfile and saved
using theSavecommand in thd=ile menu of thetext
window. This filecan be used as input tdARYLIE
with theRun ‘Marylie Input’command. This command
Is used to execute MARYLIE without generating new
input. Any changes made to tMarylie Inputfile will

not be overwritten with model data. Téristinginput
files in the application folder will beused toexecute
MARYLIE.

Write Fitting Files andView is anothemrite-and-view
command that is used to generate the irpes that
define fitting variables, constraingd procedures for
MARYLIE. This commanddoes notexecute the
MARYLIE program. Thditting files are generateflom
settings inbeam line modebnd can bedisplayed in
editabletext windows. These filesare usedwhen
MARYLIE is executed withthe Run ‘Marylie Input’
command. Theexisting master input file will bever
written when thditting files are generated. Thdarylie
Input file must includethe appropriate commands to
instruct MARYLIE to perform theoperationspecified
by thefitting files. The inputfile is automatically opened
in an editabléext window. TheFile menu of thetext
window can be used tOpenany of thefitting inputfiles.
Refer to theMARYLIE Fitting Section foradditional
information.

MARYLIE View Menu Commands

The MARYLIE Master Input File (MIF) is generated by
PBO Lab from the beariine model inthe Document
window. This file is entitledMarylie Input”. Thisfile
can bedisplayedand edited at any time with tHaput
item in theMARYLIE sub-menu of th&/iew menu in
the Document windowSimilarly the Marylie Output and
Marylie Data file can be opened andisplayed in an
editabletext window with commands in théiew menu.
The raw datafiles for both initial and final particle
distributionscan also be opened witNiew menu MARYLIE View Sub-menu.
commands.
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MARYLIE Distribution Plots

Three commands in th®IARYLIE Commandsnenu

(Figure 18) are used to generate and plistribution

data. TheGenerateDistribution command is used to

create aninitial particle distribution. The Marylielnput The Generat®istribution
and Emittancdiles are generated from the bedme command isequivalent to
Beam Piece an@lobal Parameters. MARYLIE creates E‘ﬁlﬂ?ﬁﬁ&%ﬁ”ﬁ?ﬁ%ﬂ%
new Distribution file,but the standard outptite in not 5. o\ oW,

opened

following execution. The Plot Initial Distribution

command can be used to open a Ppecification

window for initial distributiondata. This command can

be used any time there is aRristing Distribution file in

the application folder. Refer to the Beam Piecib-

section for a description of particle distributions.

The Plot Final Distribution command is used topen
the Plot Specificatiorwindow for the final distribution
data generated byMARYLIE with a Ray Trace
command. Figure 18 showhke PlotsSpecification
window and several Marylie Plot windows.

Figure 18 Final Distribution Plots.
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3. MARYLIE Fitting

The MARYLIE program can be used to fisdlutions

for a variety of beartine design problemsProblems are

formulated in terms of user-specified variables and

constraints. Beam line parameterare varied in an

attempt tosatisfy (“fit”) constraints within aspecified

tolerence. A Procedure loop is usedpecifythe scope

of a fitting operation.Procedure Loops provideraeans

of looping through asublinefor a specifiechumber of fefer to the Procedure
. . = s . . oops Section in this
iterations. After specifing fitting variables;onstraints and Chapter

procedure loops in the bealime modelthe Perform '

Fitting command in théarylie Commands menu issed

to execute thétting procedures. MARYLIEvill attempt

fitting for each procedure loop until the constrahdsge

been fit within tolerence othe maximum number of

iterations has been reachedhe procedure loopWhen

the fitting proceduresare completed theesultingvalues

for fitting variablesare shown in the Update Fitting and

Coupling Parameters window. Thew parameteralues

may then be used to update the beam line model.

Specifing Variable Parameters

A Variable Parameter is specified in the Special Parameter
Settings window, which is opened by pressingS3pecial
(“S”) button to the left of the parameter in tRece
Window. Figure 19illustrates selecting &uadrupole
Magnetic-FieldGradient parameter as a fittingriable;
pressingthe “S” button for this parameter opens the
Special Parameter Settings window.

(Special) Buttons that open Speci

Most Piece Parameters have S+
I
Parameter Settings Windows

All variable parameter
selectionsare savedwith
the beam line modethen
using a Save, or Save As,
command.

Figure 19 Special Parameter Settings Window.
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Special Parameter Settings Window

The Special Parameter Settings window used for
specifying application-specifaptions. The “S-Windows”
have Applicationtab panelsthat provideaccess to
application-specifioptions for allinstalled Application
Modules. Special parameter settimge retainedvhen
the model is saved with the Save or Save As command.

The MARYLIE Application Module supportspecifing a
parameter as a fitting variable, coupling variable or import
variable. Figure 20 showtke Marylie tab panel for a

Quadrupole Magnetic-Field Gradient parameter.

hfg - Focusing Quad (Alaised in each arc in Storage Ring) - Magnetic-Field Gradient

Application-Specific Tab Panel

(Special Parameter Settings areln

Parameter Yariahle: |hquune
/L
Transpart ! Haiyl I stem | fracem 1
o i I SLE I G
" Magnetic-Field Gradiert = 120000000 kG/m
(* Fitting “ariahle: |hquune
" Couple to Fiting Yatiable: !hquune ;.I Coupling K Factor: I

= Imnort Parameter

Figure 20 Special Parameter Settings for the Marylie Module.

The top panel of the S-window displayghe Piece
comment and theelected parameter name. There is an
input field for a ParameteiWariable name. When
required, a default nameill be generated if a name has
not been entered in the Parameter Variable field at the top
of the S-window. The same Parametariablename is
used for all installed Application Modules.

The bottomhalf of the windowwill contain talpanels for
the different application modules.When the Marylie
Application Module isnstalledtherewill be a Marylie tab
panel in theSpecial Parameter Settings windowhat
parameter is a native MARYLIE input and it is supported
as a variable parameter liie MARYLIE program.
Otherwise there will not be a tab panel for Marylie.
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The first radio button in théMarylie tab panel is the
default selection. It indicatéisat the parameter agefined
by thenumerical value entered the piece windowi.e.
there are nospecial settingfor this parameter. The
second radio-button seledtse parameter as aariable
parameter and the thirdadio-button selects it as a
coupling variable. Ifthe parameter iselected as a
coupling variableghen the pop-up to the righecomes
active. This pop-up contains a list of #ike specified
fitting variables inthe beam line model. Thearameter
may be coupled toany fitting variable by choosing it
from this pop-ugist. There is also an inptield for the
Coupling K Factor used for coupling variables.

Fitting Variables Window

PBO Labprovides windowghat list all of the fitting
variablesand coupling variablesor the entire beanine
model. These windows can be usedjtieckly access the
piece windowsfor elements withfitting variables or
coupling parameters. Figure 2llustrates opening the
Fitting Variables window from the MARYLIE
Commands menu. The headertht top ofthese
windows can be used to adjust the width of eambmn

in the window. To resize a column place the mouse over
the divider line in the column header. When the arrow
turns into across-haithe column can beesized by
holding the mouse button downwhile draging
horizontally.

Couple Variables Window

The Couplevariablesvindows lists all ofthe parameters
that are coupled thtting variables irthe entire beartine
model. As with the Fitting/ariables windowdouble-
clicking anentry in this windowallowsyou to quickly
access the piece windows for that parameter. Figure 21
shows the Coupl¥ariablescommand in théMARYLIE
Commands menu.
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!Iill!i

PBO-Lab - Example 10.2_pbol *
P e R
Elie Edil View | Lommatds 1000 1 uional

femic 5 INSEORT 2 || 5<] ] Tl 8] 3

TLETLE —

=

I MaRTLIE 3 Calculate Beamiing Map B Limits - |
EREE I SLEGD L3 §ing.ie Fass 3 1 @ oo |
Beam TEACE 30 3 Multi Pass 3
—PEPTE T =1 05110 22764005 @
I‘ I——l . . write Ir?p.ul Filfa and “v"iE!l.v\l _—Il / 1 \
oo b i —— - The Fitting Variables command in
I—= = : ——— - the MARYLIE Commands menu
I o I I e —— = opens the Fitting Variables window
o =l that contains all the Marylie fitting
Plot Enal Distution [ variables for the beam line model
B o Loos The Couple Variables command
Piemove Pracsdire Loop opens the Couple Variables window
L ; - . J
Fitting Constraint Expressions
Couple Yaniables

Ed]|
[ [ Lo [T
Parameier MName | Fitling “ariabie | Fit | Sl | Hnit =

1.200000] kGiem |

Do 4 Fitting Yariables

Label

brusing Quad Alissed in each arc of Stors|  Magnetic-Field Gradiert | hfgTune | ¥ |

|

| ¥ | a0000000] kGime2 |

| Sextupole Aliazed in each arc of Storage]  Magnetic Strength S | hosChrom

Double-clicking an entry in the Variable
Parameters window will open the associa
Piece window for that parameter variabl

Figure 21 Example of the Marylie Fitting Variables Window.

Fitting Constraints

Fitting constraints arspecified at specific locations in the-qr 5 generaldescription
beam line using a Marker Piece. Drag a MaRiece of the Marker Pieceefer
from the Palette Bar and insert it at the dedwedtionin to the Marker Piece
the beamine model. Thisnay or may not be the end ofsection.

the beamline. Open the Marker window bydouble

clicking the Piece icon as illustrated in Figure 22.

A Marker Piece is used to defirapplication-specific

constraintsand diagnosticsthat are dependent on a

specificlocation inthe beanline model. AMarker Piece

can be used by aihstalled Application Moduleand is The Open buttons in the
therefore dependent on tigplicationContextswitch Marker Piece window use
setting inthe Documenwindow. The MarkerPiece the Application Context

window has twgoanels. Each panetlisplays a list of the switch in the Document

currently selected Constrainamd Diagnosticsfor al Window to open the
appropreate application-

Application Modules. specific user interface
window.
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The Application Context Switch must b B8 LocationMarker ___[H|
set for the MARYLIE Application Module |

Conzstraints

Tranzport  ETAX = 0.000000, Tal = 0.001000 ;I
Transport  ETAY = 0.000000, Tal = 0.001000

Marylie C = 0.000000, Tol = 0.001000

Marylie CY = 0.000000, Tol = 0.001000

Farticle Mass in 510099 IMeV =l
=

Open the Marylie Fitting |

I
AN

Seam Ensray [1434700000  wev Constraints Window 2 Oven | Remove |
Bleam Currert IEI.EIEIEIEIEIEI ImAmp YI TooTT T
I o] l I E £ = Diagrostics
m & . ] RN !350'000000 !MHZ 'I 300003 Tranzport  Beam (Sigma) Matrix ;I
Quad — '
H Waximum Step Size |g_1 00000 frm = 0.0020 Turtle Scatter - X vs. X
ARRI 1E Turtle Scafter - ¥ ws. Y

’ [-]
Open I Removel

Comment: Ichrom. fit

Figure 22 Fitting Constraints and the Marker Piece window.

The Marker Piece window shown in Figure 22 hitiag

constraintdor both theTRANSPORTand MARYLIE

Application Modules, aswell as diagnosticsfor the The marker Pece can be
TRANSPORT and TURTLE Modules. Each entry is ysed to definepplication-
preceeded by thapplicatiommame. Making @electionin specific constraints and
thesdistsand pressing the Remove butteil delete that diagnostics at specific
entry from thelist. Pressinghe Open button in theP&am line locations.
Constraintspanel will open the Fitting Constraints

window for the currently selected\pplication in the

ApplicationContext switch. To opetihe Marylie Fitting

Constraints windowhe ApplicationContext switchmust

be set for theMARYLIE Application Module. Similarly, The FinalPiecehas the
the Open button in th®iagnostics panel wilbpen the same funtionality as the
application-specificiser interface window fothe current mgrr ﬁi‘eengéﬁl‘;e for the
ApplicationContext. However, ndall of the Application y '
Modules have location specific Constraintand/or

Diagnostic options,.invhich case no window will be

opened.
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Fitting Constraints Window

A Marylie Fitting Constraints window can be opened by
double-clickingany Marker or Final Piece itihe beam
line model. The Open button in tk®nstraints panel of
the Marker Piece window opens the Fittidgnstraints
window. However, thé\pplicationContext popup at theThe Tolerance  value
top of the Piece window must be set tdARYLIE. \fvri‘r%‘g‘waitsthueségpfglc g}le
Figure 23 belowllustratesthe primaryfeatures of the onstraints. This value is
Marylie Fitting Constrants window. A variety Ofspecified in theMarylie
program variablescan be selected asConstraint Options window. Refer to
Expressions. The Fitting Constraints windowgroups Marylie Options Section.
fitting constraintsnto severcatagories: LatticEBunctions,
Lattice Properties, Anharmonic LatticRarameters,
EmittancesLie Polynomial CoefficientsBeam Matrix
elements (reduced sigma matrix) and elements dirsite
order transfer matrix (R-Matrix).

Enter a Constraint Expression
(MARYLIE Key Word) and a Fit

Constiaint Expression Walis TolEr ance

. ——E == | = | |0.000000 s
Value or Make a Selection from ! el WIELIT
the ChOiceS belOW ™ Lattice Functions = Beam Matrix R Matrix
IAcceIeramr Function Llpkes L] ;'5'1'1"5512 :3.1'3 | 214 ;'5'1'5";"5'1'@
Use Radio Buttons to Select fromf> e — T
- . ¥ pera | DEL D »

the Seve_n Different Catagories of [Vertical (Y) Frst Order Chrometcy [ e
Constraints: " Anharmonic Lattice Parameters <41 =42 [ =43

Lattice FUnCtionS, !Nu){dependencenn}{ LI N E

Lattice Properties, " Emmitances ENEAEE

Anharmonic Lattice Properties, Jerizertai 4 rms Emittance =

Emittances, A to Expression |

R BT o LT et iy R PR Py g
Lie Polynomial Coefficients, : :
B Matrix El t d e Term Unit Accept Expression |
eam . atrx tlements, an ] iNoneLi iNoneLi iNoneLi iNone =\ Hone
R Matrix Elements Delete Expression |
Constraint Expression M | Walue Talerance ||
e /\J‘*—\ | 0000000 1.00E-010
Cr
Make a Choice in the

The "Add to Expression” Button will add |y e
Selected Catagory =

the Selection to the Constraint Expressjon
(the MARYLIE Key Word will be put in the
Constraint Expression Field)

The "Accept Expression" Button accept
the Constraint Expression and Value and
adds it to the Constraint Experession List

The "Delete Expression” Button will
Remove a Selected Constraint from the
Constraint Expression List

“ertical () First Order Chromaticity

Horizantal (%) Tune - MUk
“erical (47 Tune - Muy
Synchrotron Longitudinal (2

Horizaontal () Second Order Chromaticity |
|Ver1ic:a| () Second Order Chromaticity

Figure 23 Marylie Fitting Constraints Window.
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Table 1 listghe different selections irach catagory for

fitting constraints.

Table 1. Pop-up Fitting Constraints

Lattice Functions Keyword | [Lattice Properties Keyword
Accelerator Function AlphaX ax Horizontal (X) Tune tx
Accelerator Function BetaX bx Vertical (Y) Tune ty
Accelerator Function Gamme gx Synchrotron Longitudinal (Z) Tune ts
Accelerator Function AlphaY ay Horizontal (X) First Order Chrom. CX
Accelerator Function BetaY by Vertical (Y) First Order Chromaticity  cy
Accelerator Function Gamma gy Horizontal (X) Second Order Chro gx
Accelerator Function Alphaz at Vertical (Y) Second Order Chrom. qy
Accelerator Function BetaZ l bt Anharmonic Parameters Keyword
Accelerator Funct!on Gammz gt Horz.(NuX) Tune, dependence on hh
Accelerator Funct!on EtaX dzl Vertical (NUY) Tunedepend. on Y W
Accelerator Funct_lon DeltaX dz2 Long. (NuZ) Tune, dependence on it
Accelerator Funct!on Etay dz3 Horz. (NuX) Tune, dependence on hv
Accelerator Function DeltaY dz4 Vertical (NuY) Tune, depend. on X hv

Emittances Keyword | | Horz. (NuX) Tune dependence on ht
Horizontal (X) rms Emittance ex Long. (NuZ) Tune, dependence on ht
Vertical (Y) rms Emittance ey Vertical Tune (NuY) depend. on Z vt
Longitudinal (Z) rms Emit. et Long. (NuZz) Tune, dependence on vt

Beam Matrix Keyword ||R-Matrix Keyword
Sigma 6) Matrix Element S(i,)) 1st Order Transfer Matrix Element|  R(i,j)

Lie Polynomial Coefficients Keyword
Individual Polynomial Coefficients F(k)

The Constraint Expressidield atthe top of theFitting
Constraints windowcan be used todirectly enter
MARYLIE keywords. Afterassigninga fit Value, the
Accept Expression button is used to add the constraint to

the list at the bottom of the window.

You don’t need to knowthe keyword to specify a

constraint.

Simplychose a constraint catagory by

selectingone of the seven radio buttons, then pick a
constraint from the variouselections irthat catagory and

press the Add tdExpression button.

ThBIARYLIE

keywordwill be automaticallyentered into th€onstraint
Expression field. After assigning afit Value, use the
Accept Expression button to add the constraint tdishe

at the bottom of the window.
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The Constraint Expression list ahe bottom of the
window lists all ofthe fitting constraints defineébr this
Marker location inthe beamine model. To select an
existing constraint click orthe entry in theConstraint
Expression list. The selection will be hi-lited in the list and
the editfields atthe top of the windowvill be updated
with theselection. Tcaedit an existing constraint, select it
from the list, make any changes and press Auezept
Expression button; theelected constraintill be updated
with the changes. The Delete Expression buttarsesi
to remove amxisting constraint. Seleitte constraint in
the Constraint Expression lisind press theDelete
Expression button. A constraindn also bedeleted
directly from the Marker Piece window withoopening
the FittingConstraints window. Seletite constraint in
the Constraintistin the Marker (oiFinal) Piecewindow
and then press the Remove button.

Constraint Expressions List Window , ,
The Constraint Expression

Multiple Marker Pieces irthe beamline model can be List window provides
used to specify fitting constraints at different locationsdick access tofitting
the beaniine. However all of the constraintslefined for gons”"i‘.'“ts e tlhe etr)‘lt"e
the entire beantine modelare listed together in the 263M line. Simplgouble

. ) ; : L lick an entry in the list to
Constraint Expressions List window shown in Figure 24C)pen the as)éociated Mar-

ker Piece Window.

ﬁ Fitting Constraint Expressions

1 . . 1 1
Lahel | Constraint Expression | Walug | Tolerance

Tune Fit - &rc Subline Tx 02350000

0.001000
Cvomticty Ft-Storagemg | o | ooooooo] 1 ooein

=

Figure 24 Marylie Fitting Constraint Expressions List Window.
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Fitting Procedure Loops

Thefinal step required for a MARY LIHtting problem is

to specify a fitting Procedure Loop. Procedure Loops are

a speciatype ofsublinethat is created for aelection of gﬂ%”nepriosceg‘,‘vrleARYboE"p
Pieces inthe beamline model. TheProcedure Loop object. It is treated as a
Section provides a general descriptibe Procedure normal Subline by all

Loop. The Procedure Lodpubline is only used by theother Application Modules.

MARYLIE Application Module,and is treated aggular

Subline by other Application Modules.

Procedure Loopublinesare used talefinethe scope of a

fitting problem,i.e.the segment of the beadme that will

be looped over durringhe fitting operation. The

maximum number ofitting iterations is alscspecified

with the Procedure loop. A Procedure Laaybline is

created in the beam line model like a nori@abline, by

selecting a segment dhe beamline and chosing the The commands for
Create Procedurd.oop command in theMARYLIE creating and removing

Commands menu. The Procedure Lasyblinemust ProcedureLoop Sublines

include at leasbne Marker or Final Piece thapecifies &' tgfe t'\rfﬁggn';:ﬁaﬂég'
one or morefitting constraints. Itmust alsoinclude meny, which is only avail-
Pieces witlspecified fitting variables. ARrocedure Loop able when theVIARYLIE

may includethe entire beanine model or aparticular Application Module is in-

segment of the bearine. The Select Allcommand stalled.

followed by the Create Procedure Loopommandwill

make a Procedure Loop for the entire bdara model.

Selections withirthe beamine model can be made by

holdingdown the mouse buttowhile dragging a box

around thedesired Pieces ithe modelspace. The

control key can be used to make a laggbectionfrom a

series ofselections.For example, ithe beam linenodel OEiE

needs to be scrolled to selewbre pieceshan arevisible

in the modebpacemake the firsselectiorand therhold procedureLoop Sublines

down the control key while making another selection wisle readilyidentified by the

the mouse. Larger models can also be orgamiathd red “P” that appears on

nestedSublineswhich may also béncluded in Procedure the piece icon.

Loops just like any other beam line element.
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To remove a Proceduréoop (flatten a selected
Procudere Loosubline)choose thd&RemoveProcedure
Loop command in theVARYLIE Commandsmenu or
the Flatten Sublinecommand in theedit menu. The
Flatten Sublindutton in the Button Bawill also flatten a

Procedure Loop.

Perform Fitting

The Perform Fitting command inthe MARYLIE
Commands menu (Figure 25) is used to execute any
fitting procedurespecified inthe beanline model. Once
fitting variablesand constraintdhave been defined and
Procedure Loops have been createdPtdorm Fitting
command will generateéhe required inputfiles and
execute MARYLIE.

B2 PBO-Lab - Example 10.2_phol [_[O[X]
File Edit “iew | Command: Tool:  Tutarial
!MARYL!E « IRANSFORT » |g"‘| and Sl sl ALl 2121 =l |
= TURTLE p s SRS S
s ;I_G LCaicuiate Beamine tap B Limiis _
2 SLEGO 3 Sinagle Pass 3 I -
= TEACESD » Fulti Pazs 3
BEAMLIME s - 05110  222E+005 O
_— “wTite Inpui File and Yiew —
I Beam Energly it Fitting Files and View | D.O010° 1.00E010 © _
I Beam Current Fun 'MARYLIE Input’ 1 00000 1.00E-007 -
I Freguency Make a MAP Piece | 20000 300E+004 © _
o
Maximum Step Size Generate Distribution vl 0.0020 10,0000

Plat Inihial Distnbuhorn

l

I Perfarm Fitting | I

| CF| R oscemii, ) Terene] (=) (e o] |

I \_, S  FiingGaiobs ﬂ S SURLINE )| |FSUBLINE |

I Bean arcl Ei:;;glec\:;‘:;::Eﬁpressmm arcd Final Tune ChronFit I

I DOptions I

_'! i i ‘rl

IHide or show the Palette Bar l 1139 Pieces 41

Figure 25 Execute MARYLIE Fitting with the Perform Fitting Command.

Update Parameter Variables
After a fitting operation the

After MARYLIE has Completed dlttlng task,the new fitted parametervariables
values for parametesariablesan be used to update there displayed in at/pdate
model. The Update ParametevariablesWindow, window. However, the
,openedautomatically following a fittingprocedure, is beam line model is not
used to examine the nevalues for each dhe parameter changed untl the fialues

variables and update the beam line model. ?hree fgggfe'txiﬁggffted "
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The Update Paramet&fariables Window contains two
scrolling listfor variableand coupling parameters. The
list at the top of the windowdisplays all ofthe user
specified Marylie fitting variables (variahp@rameters) for

Double-click a variable or
coupling entry to open the

the entire beartine. Thelistatthe bottom contains anypjece windowfor that

user specifiedparameters thaare coupled tospecific parameter.
fitting variable parameters. Both the variable and

coupling parameter listsave buttons for updating the

beam line model with the new fitted parameter values.

The Updatell Valuesbutton can be used to updatkof
the variable parameters iane step. Alternatively the
Update Selected Valueutton can be used topdate
variable parametermdividually. (Thereare identical
buttons for theCoupling Parameters the lower half of
the window.) To update parametarslividually make a
selection inthe list of parameterand press thé&pdate
Selected Value button. Whensalection ismade in the
list it will be hilited asshown in Figure 26. Using the
mouse todouble-click a lisentry will open thePiece
window for that parameter.

Column Widths can be Adjusted wit Update All Variable Update Only Selecte
the Mouse in the Header of Each Listt Parameters in the List| Variable Parameter

E MARYLIE Update Fitting & Coupling Parameters

Fit Parameters Update Al Walues Upelate Selected Fit Yalus
Lakel Parameter Mame |Parameter Variable| Walue | Upclate | Unit =]
hfy - focusing Quad Alaized in each arc § Magnetic-Field Gradient hfgTune 12.0000( 118657 | Tdm
%f Scrolling List of
Parameter Values = User Specified
\Before and After Fittin/g \Variable Parameter
Coupling Parameters Update All Values | Update Selected Walug |

| Parameter Name | Parameter Variable | Wallie | Update | Unit =~

gf Scrolling List of
User Specified

Click on an Entry to Select it in the List. $

Coupling Parameter

Double Click an Entry to Open the [

Piece Window for that Parameter

| hd

Figure 26 Update Parameter Variables Window.
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The Update Paramet®ariablesnvindow can be lefopen
and the beantine will not be updated with the new fit
values until one ahe Update buttons is usedlowever,

if the window is closed prior to updating the bebms,
then thefitting resultsare disposedand the beantine
model is unchanged.

MARYLIE Type-Code Mnemonics

A cross reference @ll MARYLIE type-codennemonics
to their correspondingPBO Lab graphic interface
components is provided in Table 2. The MARY ltyiae-
code mnemonicare thosdisted in Section 13.1 of the
MARYLIE 3.0 User'sManual. Table 2epeats from that
Section the brief summary of each type cogmigpose
and the MARYLIE 3.0 User’s Manual subsection
referenceThe corresponding®BO Lab component is
given in the right-most column.

Comments under theBO Lab Component column in

parentheses indicate itertigat have nocorresponding

interface componentSome of theMIARYLIE type codes

are notrelevant ‘(Not used in PBOLab)’. Other type

codes arecreatedautomatically by the PBO Lab

“ (Automatically doné). In addition, certain type codes have

yet not beenmplemented in MARYLIE {Not yet in

MARYLIE)”, or require theProfession version of PBOSoftware updatesoccur

Lab in order tocustomizethe MARYLIE Module morefrequently than user
“ (Requires user-written code)  MARYLIE type-code rcnaan;k?illitlijggagrr%ndbgﬁw
mnemonicswhere the correspondingPBO Lab adﬁed to theMARYL,,%

Component is indicated as--" do not have arnterface Module. ContacfccelSoft
component in the current beta version of PBO Rdl) (accelsoft@ghga.com)f i
but will be implemented in a futunelease. Finally, a fewthere is a questioron-

type codes donot yet have astrict one-to-one C€rning any particular

correspondence with any PBO Lab Component, but S&U"e:

utilized by certainPBO Lab ‘macrocommands’; the

PBO Lab Components which creatéhese macro

commands are indicated in parenthe@sdm Piecé)
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Table 2. Cross reference of MARYLIE type-code mnemonics, listed
alphabetically, to PBO Lab interface components.

Type Code Purpose MARYLIE Subsection PBO Lab Component

aim Specify quantities to be fit or 9.5 Marker Piece
optimized and set target values.

amap Apply map to a function or moments. 8.17

arc Arc for accounting purposes. 6.31 (Notyetin MARYLIE)

arot Axial rotation. 6.14 Rotate Piece

asni Apply scripiN inverse. 8.29

bell Ring bell at terminal. 7.31 (Not used in PBO Lab)

bgen Generate beam. 8.34 Beam Piece

bip Begin inner procedure. 9.1 Create Procedure Loop

bop Begin outer procedure. 9.2 Create Procedure Loop

cbm Change or write out beam parameters. 7.39 (Not used in PBO Lab)

cdf Change drop file. 7.30 (Not used in PBO Lab)

cf Close files. 7.23  (Automatically done)

cfbd Combined function bend. 6.8 Bend, S-Bend Pieces

cfqd Combined function magnetic quadrupolé.24

cfrn Change or write out values of fringe field.29 Bend, S-Bend Pieces
parameters for combined function dipole.

circ Set parameters and circulate. 7.3 Commands Menu

cod Compute off-momentum closed orbit dagal

conl Constraints. 9.12 (Requires user-written code)

conds

cplm "Compressed" approximation to low 6.17
order multipoles.

cpsl Capture parameter set. 9.15

cps9

csym Check symplectic condition. 8.31

ctr Change tune range. 8.28

dapt Compute dynamic aperture. 9.19

dia Dynamic invariant analysis. 8.11 MapAnalyzer Piece

dims Dimensions. 7.40 (Notyetin MARYLIE)

dism Dispersion matrix. 6.22 EtaPiece

dnor Dynamic normal form analysis. 8.9 Mapalyzer Piece

dp Data point. 6.26

dpol Dispersion polynomial. 7.38

drft Drift space. 6.1 Drift Piece

eapt Aperture the beam with an elliptic aperturel9

end Halt execution. Must be an 7.1 (Automatically done)
entry of a #labor list.

exp Compute exponential. 8.7 Map Operator Piece

fadm Fourier analyze dynamic map. 8.16 (Not yet in MARYLIE)
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Table 2. Cross reference of MARYLIE type-code mnemonics (continued).

Type Code Purpose MARYLIE Subsection PBO Lab Component

fasm Fourier analyze static map. 8.15 (Not yet in MARYLIE)

fit Carry out fitting operation. 9.7 Procedure Loop

flag Change or write out values of 9.17 (Not used in PBO Lab)
flags and defaults.

fps Free parameter set. 9.16 (Not yet in MARYLIE)

frng Used for hard-edge dipole 6.7 Bend, S-Bend Pieces
fringe fields.

ftm Filter the existing transfer map. 7.22

fwa Copy file to working array 8.39 (Not used in PBO Lab)

ghdy Used for the body of a general 6.6 Bend, S-Bend Pieces
bending magnet.

gbnd General bending magnet. 6.4 Bend,S-Bend, R-Bend Pieces

gbuf Get buffer contents. 8.14 Map Operator Piece

geom Compute geometry of a loop. 8.38 Floor Coords., Lattice Plots

grad Compute gradient matrix. 9.13

gtm Get a transfer map from storage. 7.17 Map Operator Piece

iden Replace existing transfer map by the 7.8 Map Operator Piece
identity map.

inf Change or write out values of infinities. 7.35 (Not used in PBO Lab)

Inv Replace existing transfer map by its inverse 7.9 Map Operator Piece

jmap Map with matrix part J. 6.18

mark, Marker. 6.25 Marker, Final Pieces

mask Mask off selected portions of existing 7.13 Options-Calculation Order
transfer map.

mn Compute matrix norm. 8.33 Map Math Piece

moma Moment analysis. 8.37

mrto Merit function (sum of squares). 9.10

mrtl Merit functions (user written). 9.11 (Requires user-written code)

mrt5

mss Minimize sum of squares optimization. 9.8

nbnd Normal entry bending magnet, 6.2 Bend, S-Bend Pieces
with or without fringe fields.

num Number lines in a file. 7.27 (Not used in PBO Lab)

octe Electric octupole. 6.12

octm Magnetic octupole. 6.11 Octupole Piece

of Open files. 7.24  (Automatically done)

opt General optimization. 9.9

padd Add two polynomials. 8.19 Map Math Piece

paws Pause. 7.34 (Not used in PBO Lab)

pb Poisson bracket two polynomials. 8.21 Map Math Piece
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Table 2. Cross reference of MARYLIE type-code mnemonics (continued).

Type Code Purpose MARYLIE Subsection PBO Lab Component
pbnd Parallel faced bending magnet, 6.3 R-Bend Piece
with fringe fields and equal
entry and exit angles.
pdnf Compute power of dynamic normal form3.13 MapAnalyzer Piece
pmif Print contents of Master Input File (file 11) 7.4 Options - Echo MIF
pmul Multiply two polynomials. 8.20 Map Math Piece
pnlp Compute power of nonlinear part. 8.30 Map Math Piece
pold Polar decomposition of a map. 8.22 Map Math Piece
ppa Principal planes analysis. 8.36 (Not yetin MARYLIE)
prot Used for leading and trailing 6.5 Bend, S-Bend Pieces
pole face rotations.
psl Parameter set specification. 7.25  Param Piece
ps9
psnf Compute power of static normal form. 8.12 MapAnalyzer Piece
psp Polynomial scalar product. 8.32 Map Math Piece
ptm Print transfer map. 7.7 Marker Piece & Options
pval Evaluate a polynomial. 8.23
quad Magnetic quadrupole. 6.9 Quad Piece
radm Resonance analyze dynamic map. 8.5 MapAnalyzer Piece
rapt Aperture the beam with a rectangular 7.18  Aperture Piece
aperture.
rasm Resonance analyze static map. 8.4 MapAnalyzer Piece
recm REC guadrupole multiplet. 6.27
rev Replace existing transfer map by 7.11 Map Operator Piece
its reversed map.
revf Replace existing transfer map by 7.12 Map Operator Piece
reverse factorized form.
rmap Random map. 6.30
rpsl Random parameter set specification.  7.26
rps9
rset Reset menu entries. 9.18 (Not used in PBO Lab)
rt Perform a ray trace. 7.2 Commands Menu
pHxxx Random counterpart of the element 6.19
with type-code mnemonic****,
scan Scan parameter space. 9.14
sext Magnetic sextupole. 6.10  Sextupole Piece
sia Static invariant analysis. 8.10 MapAnalyzer Piece
smul Multiply a polynomial by a scalar. 8.18 Map Math Piece
snor Static normal form analysis. 8.8 Mapalyzer Piece
sol Solenoid. 6.23 Solenoid Piece
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Table 2. Cross reference of MARYLIE type-code mnemonics (continued).

Type Code Purpose MARYLIE Subsection PBO Lab Component
spce Space for accounting purposes. 6.28
sq Select quantities. 8.26 Fitting Constrants
sqr Square the existing transfer map. 7.15 Map Operator Piece
srfc Short RF cavity. 6.13 RF Gap Piece
stm Store the existing transfer map. 7.16 Map Operator Piece
symp Symplectify matrix portion of transfer map. 7.14 Map Operator Piece
tadm Twiss analyze dynamic map. 8.3 MapAnalyzer Piece
tasm Twiss analyze static map. 8.2 MapAnalyzer Piece
tbas Translate basis. 8.6 Map Operator Piece
thim "Thin lens" approximation to low 6.16
order multipoles.
tic Translate initial conditions. 8.35  Centroid Piece
time Write out execution time. 7.29 (Not used in PBO Lab)
tip Terminate inner procedure. 9.3 Create Procedure Loop
tmi Input matrix elements and polynomial 7.5 Map Piece
coefficients from an external file.
tmo Ouptut matrix elements and polynomial 7.6 Map Piece
coefficients to an external file.
top Terminate outer procedure. 9.4 Create Procedure Loop
tpol Twiss polynomial. 7.37 Beam Piece
tran Replace existing transfer map by its  7.10 Map Operator Piece
“transpose".
trda Transport dynamié. 8.25  (Notyetin MARYLIE)
trsa Transport statié. 8.24  (Notyetin MARYLIE)
twsm Linear matrix transformation specified 6.15 (Beam Piece)
in terms of twiss parameters.
usrl User specified subroutines that 6.20 (Requires user-written code)
act on phase space data.
usrlo
usrll User specified subroutines that 6.21 (Requires user-written code)
produce or act on maps.
usr20
vary Specify quantities to be varied. 9.6 S-Window on Pieces
wcl Write contents of a loop. 7.33
whst Write history of beam loss. 7.21
wmrt Write outvalue of merit function. 7.32
wnd Window a beam. 7.20 Aperture Piece
wps Write out parameters in a parameter sef7.28
ws(q Write selected quantities. 8.27 (Create Procedure Loop)
wuca Write out contents of ucalc array. 7.41
zer Change or write out values of zeroes. 7.36 (Not used in PBO Lab)
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