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Included with this supplement are the following documents, reproduced and distributed as part of
a license agreement between G. H. Gillespie Associaesand the Board of Trustees of the
Leland Stanford Junior University (‘STANFORD”):

Appendix A: “NPSOL User’s Guide”

User’'s Guide for NPSOL (Versioh0), byPhilip E. Gill, WalterMurray, Michael A. Saunders
and Margaret H Wright.
Department of Operations Research Stanford University Technical Report SOL 86-2,
January 1986.
Reproduced for distribution with PBO Lab by permission.

Appendix B: “MINOS User’s Guide”

MINOS 5.4 User’s Guide, by Bruce A. Murtagh and Michael A. Saunders.
Department of Operations Research Stanford University Technical Report SOL 83-20R,
December 1986, Revised Jan 1987, Mar 1993, Feb 1995.
Reproduced for distribution with PBO Lab by permission.

Appendix C: “LSSOL User’s Guide”

User’s Guide for LSSOL (Versian0), byPhilip E. Gill, Sven J. Hammarlingyalter Murray,
Michael A. Saunders and Margaret H Wright.
Department of Operations Research Stanford University Technical Report SOL 86-1,
January 1986.
Reproduced for distribution with PBO Lab by permission.

DISCLAIMER NOTICE

STANFORD MAKES NO REPRESENTATIONS OF WARRANTIES, EXPRESSED OR
IMPLIED. By way of example, but not limitation, STANFORD MAKES NO
REPRESENTATIONS OR WARRANTIES OF MERCHANTABILITY OR FITNESS FOR ANY
PARTICULAR PURPOSE OR THATTHIS USE OF MINOSand/or NPSOL WILL NOT
INFRINGE ANY PATENTS, COPYRIGHTSTRADEMARKS, OR OTHER RIGHTS.
STANFORD shallnot be LIABLE for liability or damageswith respect to anylaim by
LICENSEE or any third party on accouwft or arising from the license, or an USablicense(s)
of use of MINOS and/or NPSOL.
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NPSOL is a sophisticatednonlinear, constrained, optimization program
developed at Stanford University’s System Optimizatiaboratory. ltuses a
sequential quadratiprogramming (SQP) algorithm thavaluates the gradient of

the objective function, and the Jacobian of the constraint functions, to determine
which variables should be varied next in the search, and then tregisobiem

as a least squares optimization locally. Constraints are satisfied first, and then the
code determines if an optimal (locally minimal) solution has baemeved.
NPSOL is designed tavork on problems in which the variablese tightly
connectedhrough linear and nonlinear constraints, e.g. in whichnthé&ices

dealt with are dense.

MINOS is designed to solve large-scale optimization problems thainche

linear and nonlinear constraints. A system of methods and algorithms are
harmoniously combined to address small and large problenfsun main
problem areas: linear programmingnconstrained optimizatiorinearly
constrained optimization, and nonlinearly constrained optimizatiddvanced
versions of several classical optimization algorithans included: th&implex
method, a quas-Newtonian method, the reduced-gradient method, and a projected
Lagragian method.
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1. Optimization Tool Module

The Optimization Tool Module for the Particle odule for
H ; The Optimization Tool Module for the
Beam Optics Laboratory combines thrg%?;icle Beam Optics Laboratory
optimization programs: LSSOL, NPSOL and MINOSovides three optimization engines,
with a variety of charged particle optics angedgrfte? WitthBOdLab qu'icaﬂ_on
accelerator simulation codea)l within a single Lo ac o C1a709C parele opics
intuitive graphic user interface. Thmbination
yields an advanced analysasid design toolkhat LSSOLIs aconstrained linear least-
‘e . . g . squares and quadratic optimization
offers users the ability teignificantly improve the ;gam. the nPSOL and MiNOS
optimization process by providing an environment p@grams are both constrained
easily formulate beamline optimization tasks, and fg!inear optimization programs.

solve problems in an intuitive way.

An optimization problem is specified iterms of

variables, constraints and stored output paramet@pSmizaftion problemsfa:je definke)ld in
R i terms of user specified variables,

There are threetypes of constraints:linear, /5 = % & tored output

nonlinear and the objective function. The parameters.

optimization engine attempts to find valukes the

variables that will satisfy the constraints.

Optimization variablesare selectedfrom beamline

element parameters. Linear constraintsdegned

in terms of theseéDptimization Variables. The Optimization variables and stored
objective functionand nonlinearconstraints are gy Parameters are selected in
defined in terms of variables and storedtput define Optimization Constraints.
parameters. Stored output parameters, from PBO

Lab Application Modules (TRANSPORT and

TRACE 3-D) areselected by the user asdmputed

by the respective simulation codes.

I : H ; ptimization problems can be
The Optimization Tool allows optimization problemg = * o ot camine Model
to be definedover mU|t|p|e beamlineModel pocuments and beamline elements
Documents and supports aliasing beambfenents can be shared between Documents.
between Documents. Multiple beamlines may shafg o imization Tool can also be
(Alias) individual elements orentire beamline used for hierarchal optimization
segments. The Optimization Tool can also be usedsing the native fitting/matching
. . . e . cpeg pabilities of individual Application
combination with the fitting/matching capabilities Ofoq,es.
individual Application Modules toperform a

hierarchal optimization problem.
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Multiple Model Mode

The Optimization Tool supports the specification of

an OptimizationProblem that can shar@Alias)

beamline elements between multiple beamline models

in separate Document Windows.  Thiultiple :ﬁeusitggopgr;gatgpegfe'nNéZde'g
Model Mode is selected with aser preference as,,icaion Type must be set to
illustrated in Figure 1. To use th@ptimization wmuliple Model Mode.

Tool Module, the PBO Lab Preference for

Application Type must be set to Multipl®odel

Mode. This is the defaulsetting when the

Optimization Tool Module is installed. Figure 2

illustrates the Optimizer Problem Window that is

opened when the PBO Lab application is launched in

the Multiple Model Mode.

If the PBO Lab Application Type Preference is set

to Single Model Mode then the Optimizer Proble®so Labmust be restarted in order
Window will not be opened and thestandard for changes in the Application Type
Document Window will be opened. When yoffeference to take effect
change the Application Type Preferen&BO Lab

must be restarted inrder for thechange totake

effect. Refer to th®BO Lab PreferenceSection in

the Analysis ToolsChapter of thePBO Lab User

Manual for a description of the Applicatioiype

Preference.

- L] — o o
Simulstions 1 Focusing & Bending

mzin

Application Type—————————————— F Text Wiincoswy Foni
£ Cirts Kealat 0EO 1 2t Current Font:
{ -Lah

‘ IAriaI Choose Font
| E—

is accessed from the Tools Men

The PBO Lab Preferences Windo\T
in any Document Window

The Application Type Preference is used
to select the Multiple Model PBO Lab
configuration (Multiple Document
Mode) for Optimization Problems

Figure 1. Application Type Preference - Single and Multiple Document Modes.
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The Single Model Application Type (Single

Document Mode), is the standard configuration for

PBO Lab when theOptimization Tool iS nNoOt ThesSingle Model Application Type is
installed. The Multiple Model ApplicationType e stancard configuration when the
(Multiple Document Mode) modifiegshe user siﬁce most problems do not require
interface so that a persistent link canrbaintained multiple beamline Model Documents
between multiple Document Windowsllowing " shared (Aliased) beamine
beamline elements to be shared (Aliaskefween '

separate beamlines. The Optimizer Problem

Window, shown in Figure 2¢contains a list of any

beamline Model Documents thare linked in the

Optimizer Problem. Double-click a model in the

Problem Window to openthe corresponding

beamline Model Document Window.

E PBO-Lab - Optimizer Problem.pbol [_ ] | / \
Bile Wiew Tooks Multiple Beamline Model Documents car
!l | B ¥ a|o 3] be used in a single Optimization Problem
A hodel Double-click the Model in the Problem [=E2lx]
Ring Madel F\ Edit View Commands Tools Tukorial i . L. .
o =] BiE i i®~it71i zj| Window to open individual Beamline w‘
—— — v Model Document Windows il
WEFD B eotice charge n = 1 EERE) E— |
Wen| N I’ - [
== I Particle Mazs [os11000 he -] S0 22724005 @ Bl
— —_— ]
= L Jl Beam Energy [1309.990098 | e = OO0 1.00e+0i0 @ _I
I ..; = Beam Current In nnnnnn [ ;II 00000 1 00e-007 _I
i A ]
WEEl I Freuency i Z] 0000 300esa0e @ |
us i ' —_— ]
‘ .qhd = Pizximum Step Size Ig 010000 Im ;I 00020 10.0000 _I
Ef Ring Model W b : |
File Edit Wew Commands Tools  ILLL
lmarsporr =] BiEl el BEE 1
| Ikt b |2 el i ]y e e
F_k 1] Globais | & [l [T Teel [ Ilwel |1l |leel [__|[eel [__ [
I—rL_I Hsenak B [FF - |-leal-TI-laal- T I-| % @ & |- |-laal- [T |-laal- |11
1 Particle Charge h |5 |‘nn||‘u dllnfll‘ll dll‘nflll Sector Bend Hnu'”u dIlDﬂIHU dIHDﬂI”rmmI
Beam e e e e e e 0 e 0 e ) e 0 e e e e
FAEBEESS ] BE&MO DRFT1 QUADZ DRFT3 QUAD4 DRFTS SBENDE DRFT? QUADS DRFTS QUADMD DRFTI1  FINAL
Beam Eneray . ffiend
. Dri ft l . P l
= | Beamcurrert (] ¥ I
Weel B _ gena | Q1 )
ne L = 4 2T j .
uad ! 13 Piaces

<.
| \ \ 50 Pieces

Figure 2. Optimizer Problem Window and Corresponding Document Windows.
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The user interfacdor individual beamlineModel The Document Windows user
Document Windows is the sani@ both theSingle i ierface is the same for both the
and Multiple Document configurationsand is single and Multiple Document
described inthe main PBO Lab UserManual configurations and is described in
. . . .the main PBO Lab User Manual.
However, the Optimizer Problem Window, which is
used in the Multiple Document Mode is described in

this Supplement.

Optimizer Problem Window

The Optimizer Problem Window is providedhen

PBO Lab is setup in the Multiple Model Mode. Thehe Optimizer Problem Window is
Multiple Model (Document) Mode iequired to run > t© crearize multbe geiﬂg:
optimization problemsgeven for problemswith optimization Problem. Document
single beamline Model Document. TIi@ptimizer Wiggswst %rga;ﬁigstomgéeitfphi;a“yt
Problem Window, shown in Figure 3, is used {87 s seloet optimization
execute the Optimization Tool, examif@ables and Stored Output
Optimization Variables,Stored Parameters andaametrs.

Constraints, as well as providing a means to define a

single Optimization Problem acrossmultiple

beamline models.

Optimizer Commands are accessed from the Topls
Menu of the Optimizer Problem Window

=
|
!

B 3ol [ —< The Button Bar provides controls for
frequently used features such as openjng
: new Documents and linking element
|4 Madel .

A between beamline model Document

i OGS

N

the Optimization Problem are liste
in the Optimizer Problem Window

All Beamline Model Documents for%
=i

1
|
i

Figure 3. Optimizer Problem Window.
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Individual Document Windows, created aactessed
from the ProblemWindow are used tgraphically
construct beamlines, modify input parametesedect
Optimization Variablesand define application-
specific Stored Output Parameters. The Problem
Window contains a Men®Bar, Button Bar and a
scrolling list of beamline Model Documerity the
Optimizer Problem.

Optimization Engines

The PBO Lab Optimization Module includes three

optimization programs: LSSOL, NPSOL and

MINOS. LSSOL is a constrained lind@ast-squares e FBO Lab Sptimization Mocule
and quadratic optimizatioprogram. NPSOL and ygrams: LssoL, NppSOL and
MINOS are both constrained nonlinegptimization MNOs.

programs, but the twgpackagesuse different

approaches andre applied to different types of

optimization problems. LSSOL and NPS@te a

collection of FORTRAN subroutines developed as a

Systems Optimizatiohaboratory (SOL) by the

Department of Operations Research Stanford

University. MINOS is also a FORTRANode

developed at Stanford University. LSSOL finds the

solutionfor a purelyqguadratic objectivéunction,

with linear constraints. NPSOL usessaquential

guadratic programming (SQP) algorithmdddress

more complicated nonlinear problemsThe SQP

algorithm evaluateshe gradient of theobjective

(Merit) function, and th&acobian of the constraint

functions, to determine which of the variab&®uld

be varied next in the search, and then treats the

problem as a least squareptimization locally. MINOS add s i
Constraintsare satisfiedfirst, and then thecode pe tommuiated in slightly mare
determines if an optimal (locally minimadplution general terms than available in
has been achieved. MINOS was developeddse NPSO-

nonlinear optimization problems which use very

large sparse matrices in the representation of the

problem to be solved.



PBO Lab 2.2 User Manual Supplement: Optimization Module (DRAFT)

C-language versions of all three optimizatemgines

have been integrated into the PBO Lab graphic user

interface and underlying beamline objewnibdel. o
Any input parameter to a PBO Lahpplication #puts to FBO Lab Applcaion
Module (TRANSPORT,TURTLE, TRACE 3D or any of the optimizers, while the
MARYLIE) can be selected as arpptimization outputs provide parameters to
variable. Stored diagnostic output paramefessn UTEEE noteer Coneatis and
the differentcomputationarograms are used to '
formulate the nonlineaconstraintsand/or merit

(objective) function for optimization.

Optimization problems areompletely definedising
the PBO Lab graphic user interface. Although the
optimization programs are complex, the input
requirements foeach areseamlessly integrated with
the different PBO LabApplication Modules in a
single easy-to-use graphic interface.

Diagnostic outpufrom the differentcomputational

programs isdynamically shared with the different

optimization engines and optimization variables areere are no user written functions
automatically updated in the beamline modeting > © t2ine a0 b heetor
the optimization process. NoO user writleImctions interface windows are provided for
(FUNCON, FUNOBJ)are required todefine an specifying the Optimization
optimization problem. PBO Lab provides graphifsiie "o aton varaties
user interface windows for defining the Optimizatiofd stored Output Parameters are
Objective(merit) function and Optimize€onstraint easily selected in the PBO Lab
functions. Optimization Variables and Stored Outp{ji™"® Peam!ne representation.
Parametersare easily selected inthe PBO Lab

graphic beamline representatiothe same way

fitting variables and constraints are specified the

different computational programs.

Optimization problem setup is similar for each of the
optimization programs.  Although eaclhas a
separate windowfor specifying objective and
constraint functions, these windoware very similar

in terms of the user interface.
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Setting up a problenfor different optimization
engines is easy. Optimization Variables and Stored
Output Parameters are setup in the beanrhodel
and areindependent ofthe optimizationprogram
selection.

Each Optimizationprogram has acorresponding
sub-menu in the Tools Menu and in the Visignu

of the Optimizer Problem Window. The Toasb-
menus contain the commands to Run a particular
optimizationprogram. Eaclsub-menu alsgontains

a Constrains command that is used to open the
Optimization Constraints Windovor each of the
Optimizationprograms. The NPSOL andINOS
sub-menus also contain commands to actéstsh
Setup Windows thadre used teelect Watch/alues
from among the Optimization Variables and
constraints. Theseelectionswill be displayed
dynamically in a Watch Window during the
optimization process.
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2. Optimizer Menus & Controls

In the Multiple Document Mode, the user is provided

with a Optimizer Problem Window that contains thge muitiple ocument Mode, the
File, ViewandTool Menus as illustrated in Figure 4user is provided with a Optimizer
The File Menu is similar to the File Menu in th§2®vn Wieow e, containe e
Document Windowsor the Single Document Mode. optimizer.

There are standardommanddor opening,closing

and saving Optimizer Problem files. An Optimizer

Problem maycontain multiple beamlinéeModel

Documents, but is saved as a single PBO Lab file.

The View Menu hasommandsfor opening the

optimizer output files in Text EditowWindows for

each of the optimization enginesThe Optimizer

Submenus in the Tools Menu contain commands to

run Optimization Problemsand commandsthat The Optimizer Tools Menu contains
accessuser interfacewindows for Optimization Co‘;”.‘rr:ii‘ggjntgroslitmsufsinzngny“g}
Constraints and variables, application-specific stor@&hptimization engines.

output parameters arfdr specifying variablerder

and optimizer options. Submenaie provided for

each of the optimization engines in the Todksnu.

These commandare described in theOptimizer

Commands Section of this Supplement.

Run NPSOL

Constraints

E PBO-Lab - Optimizer Problem.pbol * - (] m
4/’ Filz  Wiew [l
e ['ﬂql E! OPTIMIZER  » [N » | w
open, .., EJ;SN;)E : 1 Constraints
Close - A Model = ;I Whatch Yalues
Zave YIEwW Ring Madel Optimizer Simulation Type
e LR L5501 Output — )
e ————| e ey Optimizer Yariables A Run LS50L
Brink... Scrakch P — Stored Parameters B
= = Conskraints
Print Setup... HPSOL Output Variable Order
| MPSOL Summery
Tmport N P S Restore Brevious Yariables LI
e — MINGS Output Options
Recent Files  » MINGS Summery |

Exit

Figure 4. Menus in the Optimizer Problem Window.
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Optimizer File Menu

The commands in the File Menu of the Optimizer
Problem Windoware to createNew Optimizer
Problems Openexisting ProblemsClosethe current - o

; Fand The File Menu of the Optimizer
Problem Window andsavethe currentOptimizer G == o has commands to
Problem. Theseommands do natfer tobeamline create New Optimizer Problems,
Model Documents in the Optimizé&troblem. For Open fx.ifti?,iq Prs\?'edmsy C'zsgthe

H urren roolem Indow an ave

example, theNewcommand will create and open &, -0 ¢ Optimizer Problem,

new untitled Optimizer Problem Window. brder

to create a new beamline Model Documéhhdow =

in the current Optimizer Problem Window, use the Open..
Button Bar in the Problem Window. Refer to the -~
Optimizer Button Bar Section in this Chapter. Save ...
The Print and Print Setupcommandsare standard e
File Menu commands thatre identical to theFile RecentFies b
commands in the Document Window. Timeport Bt

and RecentFiles Submenusre also identical to the
commands inthe File Menu of theDocument
Window. Refer to thdMenu BarSection in theJser
InterfaceChapter of the maiBO Lab UseManual
for a description of these commands.

The last command in the File menu of the Problem

Window isExit, which is used to close all application
windows and quit the PBO Lab application.

10
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Optimizer View Menu

The commands in the View Menu of the Optimizef .. . open the
Problem Window are used to open the native outmgﬁve output files produced by the
and summary files produced by each of th@erentoptimizer engines.
optimization engines. There are preferences that can g
be set in the Optimizer Options Window thail
cause these files to be opened automaticatfigr S
executing the optimizer. Refer to theOptimizer NPSOL sumery
Options Section in this Chapter. The View L1053 Ot
commands do not execute optimization, tkayply
allow output files previously generated to \aewed
in PBO Lab Text Edit Windows.

L550L Oukput
L5501 Surmnrmety

Optimizer Tools Menu

The commands in th&ools Menu of the Optimizer

Problem Windoware used to setup and runrme commands inthe Tools Menu of

Optimization Problems using any of the optimizatigm Optimizer Problem Window are
; ed to setup and run Optimization

engines. Therare alsocommands to access usgf-, > 8 o Tt -0 orovided

interface windows that list Optimizatidbonstraints for each of the optimizer engines.
and variables, application-specificstored output

parameters and allow specification of variableder g o ;
and optimizer options. oS g
Optimizer Simulation Type
The Tools Menu is divided intdour groups of optnizer yaisbes
commands. The first group containsthe main e o
execution submenu$or each of theoptimizer Restore reisss Varables
engines. Thdkun...commands in each submenu ai o
used to start theoptimization process using the RuanSOLV
selected engine. The NPSOL and MINQ®menus Consrants
also have commandsfor opening Optimizer sistch Values
Constraint Windowsand Watch ValueSetup s
Windows. The LSSOL submenu contains ¢ St votes
commandfor accessingthe LSSOL Constraints ——
Windows but does not provide a Watch ValGetup R
command.

11
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The second commamgioup in the Tools Menu has
one command that is used txcessthe Optics
Calculation Options Window.

Optics Calculation Options Window

The third group ofcommands in the Toolslenu
provides access to dynamic list windofes user
specified Optimization Variableand application-
specific Stored Output Parameters. As well as a
commandfor opening the Variabl®©rder Window.
Unlike Optimization Constraints, which aspecific

to each optimization engine,the Optimization
Variables and Stored Output Parameterssatected

in the beamline ModeDocument(s)and are not
specific to a particular optimization engine. Tis¢
windows for Optimization Variablesand Stored
Output Parameters provide a convenient list of all
the variables and stored parameters that leen
selected in the beamline model document(s).
Double-clicking anentry in a list window willopen

the Piece Window in the beamline modef that
selection.

Optimization Variables List Window

Stored Output Parameters
List Window

Variable Order Window

Restore Previous Variables
Command

The last command group in the Tools Menu has two
commands. The Restore PreviousVariables
command is used to resto@ptimization Variables

in the beamline model to previous valugalues
prior to thelast optimization process).The last
command in the Tools Menu opens tBgtimizer
Options Window. This window contairtbree tab
panels (onefor each of the optimizeengines)
containing native optimization options as well as
some PBO Lab user interface Preferences.

Optimizer Options Window

12



PBO Lab 2.2 User Manual Supplement: Optimization Module (DRAFT)

Optimizer Button Bar

The Button Bar of the Optimizer ProbleWindow

provides controldor a variety of problemsetup

features as illustrated in Figure 5. The fiositton

saves the OptimizatioAroblem file. One omore [, o .on Bar of the Optimizer
beamline Model Documenfsom otherOptimization problem window provides controls
Problem files can be added to tharent Optimizer for a variety of problem setup
Problem with thesecond button. NewModel

Documentscan be added to thé®ptimization

Problem with the third button and may be renamed

with the fourth button. Cut, Copy and Palstgtons

allow Model Documents to bemoved between

OptimizationProblem files and the Deletautton

removes a Model Documefrom the Optimization

Problem.

Save PBO Lab file.

Add model(s) from another Optimization Problem or
from another model Document file.

Create a new untitled model Document in the Optimization Problem.
Rename selected model Document.

Cut selected model Document from Optimization Problem.

Copy selected model Document to the clipboard for
subsequent Paste into Optimization Problem.

Paste a new model Document into the Optimization Problem.

@2 e ¥ &8 32

Delete selected model Document from the Optimization Problem.

Figure 5. Optimizer Problem Window Button Bar Controls.
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3.

Optimization Variables

Optimization Variablesare selected in Special
ParametefSettings Windows as illustrated Figure

6.

firc Mode
File Edit Wiew Commands Tools Tutorial

e EEEEEL R
(ome

Globalzs

Tracing/Tracking l

Floor Coordinates

Particle Charge |1— e 1
Patticle Mas=s i 0.511000 IMEV j 05110
Beam Energy [1399 830084 ey =] 0.0010
Beam Current ID.DDDDDD Imgmp d 0.0000
Freguancy I 425000000 IMHZ =l 3.0000

Maximum Step Size

| 0.010000

|m

0.0020

Drf\l

93
2.22e+005
1.00e+010
1.00e-007
3.00e+004

10.0000

to open the Piece Window
for that Beamline Element

% Quadrupole

Energy‘l Tutoriall

SOENNS

NRETT

Degres:

[— Frinie Ficled [E—— [——
T T T 1
Elemar i e Field i Geometry L location
Quadrupale Strength IFieId Gradient =]

Parameters Value Units Limits
ﬂEffecﬁve Length IU_3UUUUU |m j 0.0100 05430 &
:.;:éMagnEiic Field st Pale Tip |3.894U11 IkG j -4.2700 42700
4, Mperture Radius ID_m o000 Im j 0.0090 0.5000

agrietic-Fisld Gradient |3_894011 IkG.l’cm j -4.2700 42700 &
}jQuadrupole Coefficie 1im=2

Access Optimization-Specific Parameter
Settings in the Optimization Tab Panel |of
the Special Parameter Setting Window.

Open the _Speual Parameter Settlno:  GUADID - Magretlefeld raert
Window with the "S" Button for the —
. H Parameter ‘ariahle: [ x4
Desired Parameter.
/ I\
IQUAD1D
........ ) T Fw—— )|
anap ! Wiaiylie ! acemD !
Select a Parameter as an Optimizatipn ¥ Optimization Yariable
Variable and SpeCIfy the leltlng ~ Lownver Bound Initial % alue Upper Bound Urits
Bounds in the Optimizer Tab Panel. Bounds: [Mooooooo | <= [5.eaa00) <= [10.000000 kGiom

Figure 6. User Interface for Selecting Optimization Variables.
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The wuser interface for selecting Optimization

Variables is the same as that used to select fitting ,ser interface for selecting

variablesfor the different ApplicationModules. oOptimization Variables is the same

Input parameters fobeamline elements agecessed 2 that used to select fitting
. p . . . . . ariables for the different Application

by double-clicking Piece icons in the beamline modV@jdu.es,

of Document Windows. Figure 6 illustratepening

a Quadrupole Piece Windowand selecting the

Magnetic-Field GradienParameter as an Optimizer

Variable.

Applicable parameters have Special “S” butttmet

are used to access Special ParameSsattings

Windows. An example of a Special Parameter

Settings Window is shown ifigure 6. The "S- Smpttngﬁzzie\ﬂag?f;;ﬁSéeéft?rtmeg
Windows” havetab panels that providaccess t0 e o boamins model Procee
application-specific optionfor installed Application

Modules and Tools. The tab pandbr the

Optimization Tool is shown in Figure 6. It provides

a check box that is used to toggle the selection of the

parameter as an Optimization Variablend has

inputs for specifying limiting bounds on the variable.

The initial valuefor the variable ispecified directly

in the Piece Window.

Double-click an icon in the beamline model to open a

Piece Window and press the “S” button to thght

of the desired parameter in the Piece Window. TIfgimization Variables must be
will open the corresponding SpecidParameter gympoic parmator Name wil be
Settings Window (“S-Window”jor that parameter. automatically assigned when the
Select theOptimizertab panel in the S-Window andPtimizer Variable check box 1o
click on the Optimizer Variable check box. The i;ﬁze oF YOI may erier your oun
Optimizertab panel is also used to specify thwer

and upper limits that the optimizer will use as

bounddor the variable. At the top of tH&Window

iIs a Symbolic Parameter Name fietdat will

automatically be assigned@hen the Optimizer

Variable check box is selected. You may enteuar

own symbolic namdor the Optimizer Variable in

this field, but the variable must be named.
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Variables List Window

The Tools menu provides a commafiod opening The Tools menu provides a command

the Variables List Window, illustrated in Figure 7{;”. opening the — Optimization
. . L] i . ariables List Window.

which lists all of the Optimization Variablésr the

entire Optimization Problem.

All of the Optimization Variables selecteder all ror optimization Problems with
the beamline models in an Optimization Problem grgltiple beamline models, the
isplayed in the Variables List WindowDouble- onpes Hist Window includes al
dl_sp_aye In . ) : ' Variables from all of the beamline
clicking an entry in the List Window will open thevodel Documents included in the
Piece Windowfor that selection as illustrated irfpimizer Problem Window.
Figure 7. This provides quickccess taall of the
Optimization Variables specifiebr beamline and

across multiple beamline models as well.

B2 PBO-Lab - LiD1-LMATCH.UnfitQuads.pbol *

File Yiew

@I duiivisBld  Run Optimizer

Run Cpki Test 1

Run Opti Test 2

Li01 -Li02 UnfitQuads phol i |
Optimizer Conskraints
Cptimizer Watch Yalues
Optimizer Simulation Type

Optimizer Yariables

Optimization Variables for all beamline model

d . . .
3t°.re-ParamEters [ Documents in the Optimization Problem ar
atiable Crder ) X N X )
o i organized in a cumulative List Window
ptions

E Optimizer Yariables
hinel | Label
Li01 -Li02 UnfitQuads phol Q0201147

Walle | Linit |;
-25.000000

Parameter Name |Parameter Variable|

Magnetic Field st Pale Tip

(Double-click an entry in the Lis
L Window to access a specific

Optimization Variable

Figure 7. Optimization Variables List Window.
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Variable Order Window

The Variable Order Window, illustrated in Figure 8,

e Tools menu provides a command

is accesseffom the ToolsMenu and is used O opening the Optimizer Variable
change theorder that will beused to setup theorderwindow.

Optimizer native inputs. Variables are listed by the

order inwhich they are selected, but tlusder may

be changed in the Variable Order Window.

the order inwhich Variables arespecifiedfor the

Optimization engine. It may be desirablesome

_ _ The Variable Order Window can be
The Variable OrdeWindow can be used tchange used to change the order in which
Variables are specified for the
Optimization engine.

cases tostart the problem with a differenviariable
order. Refer tdhe User’'s Guidefor NPSOLfor a
description of variable order.

B8 PBEO-Lab - Optimizer Problem.pbol *
ls

Fil=  Wiew [Ri=

— — T
C B ez 1ol
Ay —

—  MINOS 3

LSS0L »

Arc Model

[T

1|

S VT S,
UpLimiZer Simuiation Tyvpe

Optimizer Yariables
Stored Parameters

Restore Breviows Yatiables

Options

Madel | Lakel | Parameter Mame |Parameter Variable| Walue | Unit [ |
®[0] Lid1 -Li02 MnfitGusads phal Q0201147 agnetic Field st Pole Tip @114 -25.000000 ki
K1) [ H0-L02 Unitauads phol. . Ja0201 217 | Magnetic Fieid at Pole Tin. 100 an 2t 0 | 2s 000000 ke
®[2] 1-Li02 Unfit@usads phaol Q0201 27T agnetic Field st Pole Tip @127 -25.000000 ki
3] Lid1 02 UnfitQuads phol Q0201347 Magnetic Field st Pole Tip Q134 25000000 ki
H[4] L
®[5]
HIE]
ilgl After selecting an entry in the list of Optimizer
xg Variables, use the up and down arrow contrgls
X0 to move the selection in the list
H[11]
#1121
®[13]
®[14]
®[15] ;]

_a || w |

Figure 8. Changing the Order of Optimization Variables.

18



PBO Lab 2.2 User Manual Supplement: Optimization Module (DRAFT)

4. Stored Output Parameters

Stored Output Parameteese application-specific .

. . . . Stored Parameters are specified at
specified name and can be used in the definitionnofieis) using a Marker or Final
algebraic expressiorisr NonlinearConstraints and F'¢°®
the Optimization Objective Function.

Both Linear and Nonlinear Constraints, as well as

the Optimization Objective Functicare defined as

algebraic expressions of user specifi@atimization

Variables and application-specificStored Output Tthe optimizer Tool can use

Parameters. The Optimizer Tool can use 2pplication-specific Stored Output
. . ‘g Parameters for the definition of

application-specificStored Parametergor the yonjinear constraint Expressions

definition of Nonlinear Constraint Expressions andd for defining the Objective

for defining the Objective Function. However, Functon

Linear Constraints can only Ispecified in terms of

Optimization Variables selectetom beamline

model parameters, not in terms application-

specific Stored Output Parameters.

Stored Parameters aspecified at specifitocations

in the beamline model(s) usingMarker or Final ftggﬁid%utsp:iiﬁ'z?;g;igfsrsin are
Piece as illustrated in Figure 9. Markereces are N mocﬁ’el(s) using Marker or
inserted into the beamline model by dragging theal pieces.

Piece iconfrom the Palette Bar to the location in the

beamlinewhere the value of a Store@utput

Parameter should beollected (TRANSPORT). A

Final Piece may also be uskxn this purposesince

it is a special case of th®larker Piece that is

typically used at the end of a beamlinedel

(TRANSPORT and TRACE 3D).

Information regarding the Marker Piece can be
found in the mainPBO Lab User Manual
Individual ApplicationModule Manual Supplements
contain additional information regarding tMarker
Piece and the specification of Stored Parameters for
each Module.
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B PBO-Lab - Li01-LMATCH.UnfitQuads.pbol *

File Wiew Tools

B B 2o B < a|c B

Li01-Li02 UnfitQuads phol

ITRANSPORT I

TURTLE
MARYLIE

lmj _I_I JJJJ JJE WASS Im\ |TRACE 3-D

Globals

Patticle Charge

Paticle Mazs

2] E2 Location Marker

Bea Energyl ITRANSPORT vl

I Tracmgﬂrgz’(lng

i TutorI ‘

Select from the installed
Application Modules with th
Application Context switch

I [=] B3

Aol P s ubline Window o ] 3

I1—e

1

| 0510999

[wer

j 05110

gz File Edi

2. 22e+005 |

— Constraints

Drift | Marker Drift |

Transport
Tranzport
Transzport
Transport

BET&X = 3172000, Tal = 0.001000

BETAY =3.172000, Tol = 0.001000
ALPHAX = 0000000, Tal = 0.001000

ALPHAY = 0000000, Tal = 0.001000

LI Comment/ Lmatch polnt2

Open | Removel

LMWATCH

— Diagnostics

Tranzport
Transport
Transport

Beam [Sigima) Matri:

Beam Parameters in Acceleration Motation

Beam Centroid (if off axis)

-

Open | Removel

=

fnatchy/point 2 PO201 44

H ||

Double-click the Marker

— Store

Piece icon to open the

h
=

Marker Piece Window

Transport

. Transport
Drag a Marker Piece to an Transport

location in the beamline Transport
model to specify Stored
Parameters at that locatio

BHLMATCH=BETAX
BYLMATCH=BETAY
AXLMATCH=ALPHAK
AYLMATCH=ALPHAY

[~
=
Open | Remove |

Comments:

| LMATCH

Figure 9. Marker and Final Piece Windows.
The Marker and FinalPiece Windows are
application-independentThey have arApplication
Contextswitch that is used to open the appropriate
application-specificuser interface window for

Constraints, Diagnostics orStored Parameters
There are threg@anels in theMarker (andFinal)

Piece Windows. The Open buttons in thethree

panels will open the application-specific user
interface windowfor the currentsetting of the

Application Context switch.
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For example, when the Application Context is set

for the TRANSPORT Application Module, then the

Open button in the Stored Parameters pandl

open the application-specificTransport Stored N
Parameters Window as illustrated in Figure 10. IzeedeJk(ZL:;?y F|'Qf;ti’:,f_csffe:i‘frii

onstraints, Diagnostics and Stored

The scrolling lists in each of the three panels of tA€ameters for individual Application
Marker Piece Windowdisplay all selections, Modules.

independent of the Application Context, and

individual selectionsmay be deleted with the

Removebuttons without changing thApplication

Context switch or opening thapplication-specific

user interface window.

The Application Context switch
determines which windows will b
opened for Constraints, Diagnostics
and Stored Parameters

% Transport Stored Parameters I
b Storage Mame Feyward
Erergfl [TRanzPORT =]
i =
~ Contrsint [ BLMATCH [EETax |
Transport  R11 + R22 = 0.000000, Tal = 0.000100 =l
Transport  R33 +R44 = 0000000, Tol = 0.000 00 — Select Matrix 1l |
Marvlie  TX = 0.550000, Tol = 0.001000 . . ;
Maryle TV = 0.300000, Tol = 0.001000 (" Bleam Matrix " Correlstion Matrix TRANSPORT Output Parameters are
[ | — .
e e " RMatix  |Fen 7] Selected and Named in the Transport
. i Stored Parameters Window
— Diagnostics T Matris Reg (N x
Tranzport  Bleam (Sigma) Matrix = ) ;
Transport  Bieam Centroid (if off axis) £ U Matrix !Reg L! i !1 L! i !1 L!
Turtle Scatter - X'ws. X
Turtle Scatter - ¥ vs. Y

s11 |s12 [ =13 [ 514 | =15 [ 516 IHurian{aI Bieam Half Width (x) =l

521 | 522 | 523 | 524 | 525 | S26 Acceptl

=3 | =3 | =33 | =34 | =35 | a6 ii—iorizorr'[ai Beam Centroid Position (x)
1
41 | 542 | 543 | 544 | 545 | Se6 Delete |

[~ Store

Transport  r11=R11
Transport  r22=R22

Led Lo

IAcceIerator Function BetaX
Transport  r33=R33
Tranzport  r44=R44 S51 | £52 | 853 | 854 | B55 | E5B
Perevi [ [ [ [ =y Iaam Line & coumutated Lamoth =1
SH1 | S6Z | 563 | SAd | 565 | S6A |Beaim Line Accumidated Ler
Comments: Storage Name Keyweard 1=

MARK fallowving CELL _1
i

|.ﬂ.){LM..ﬂ.TCH Al PHAY —

and Final Piece Windows provides access to the

The Open Button in the Store Panel of the Marker
Transport Stored Parameters Window

Figure 10. Application-Specific Windows Accessed from Marker Pieces.
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The Constraints panel amiagnostics panel of theApplication-specific  Fitting

Mark d Final PiecaVindows are used for JonStanisand Diagnostics are not
ar_ er _an o v > required to define an Optimization

application-specifidritting Constraints andutput Problem.

Diagnostics. The OutputDiagnosticsare used to , y .

. . . . . g pplication-specific Constraints are
specify various application-specific output data at tAg e same as Optimization
location of the Marker in thé@eamline model and Constraints. However, a hierarchical
are not required fooptimization. TheConstraints PPimization Provlem can  be

. ; . ; ormulated in which local application-
are alsoapplication-specifi@and are only requiredspecific fitting constraints are
for the specification of a hierarchic&ptimization combined with the highedrb'evhe'
Problem in which local application-specific fitting i§y o2 Toor oot 2 e
combined with higher level optimization.

The Stored Parameters panel in the MarRexce

Window is used with the Optimizer Tool tefine

application-specificStored Output Parametetisat

will be used in the definition of th®ptimization

Objective Functionand for use in Nonlinear

Optimization Constraints. Stored Parameters are

selected and defined by a symbolic name which can

then be used in algebraiexpressions of theStO_reddF’sfameteeralr?Se'ected ﬁnﬁ
H . H H H ne Yy a SympoliC name wnic

Objective Function and Nonlinear Constraints. THgne by a symoolie n algebraic

values for these application-specificOutput expressions of the Objective

Parameters are calculated by the Applicahtmuule Function and Nonlinear Constraints.

and collected at the location of tMarker (or Final)

Piece in the beamline model. The different types of

Stored Output Parameters that makosen are

dependent on the selected Application Module.

TRANSPORT Stored Parameters

The TRANSPORTApplication Module supports a
variety of Stored Output Parameters that are listed in
Table 1. The userinterface for selecting
TRANSPORT Stored Output Parameters user
friendly and does natequire specific knowledge of

all the TRANSPORT keywordsfor storage

parameters.
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Table 1. TRANSPORT Stored Output Parameters.

Correlation Matrix (i,j =1,6) Keyword Beam Matrix (i,j =1,6) Keyword
Beam Correlation Matrix Element Cij Reduced Sigma Matrix Element Si
Transfer Matrices (i,j,k,| =1,6) Keyword Transfer Matrices (i,j,k,| =1,6) Keyword
1st-Order Transfer Matrix Element Rijj 1st-Order Auxiliary Matrix RAIj
2nd-Order Transfer Matrix Element Tijk 2nd-Order Aucxiliary Matrix TAijk
3rd-Order Transfer Matrix Element Uijkl 3rd-Order Auxiliary Matrix UAijkl
Beam Centroids Keyword Beam Envelopes Keyword
Horizontal Beam Centroid Position XC Horizontal Beam Half Width XBEAM
Horizontal Beam Centroid Angle XPC Horizontal Beam Half Angle XPBEAM
Vertical Beam Centroid Position YC Vertical Beam Half Width YBEAM
Vertical Beam Centroid Angle YPC Vertical Beam Half Angle YPBEAM
Longitudinal Beam Centroid Position DLC Longitudinal Beam Half Width LBEAM
Longitudinal Beam Centroid Angle DELC Longitudinal Beam Half Angle DELBEAM
Floor Coordinates Keyword Lattice Functions Keyword
Beamline Accumulated Length L Accelerator Function BetaX BETAX
Floor Coordinate X Value XFLOOR Accelerator Function AlphaX ALPHAX
Floor Coordinate Y Value YFLOOR Accelerator Function BetaY BETAY
Floor Coordinate Z Value ZFLOOR Accelerator Function AlphaY ALPHAY
View Reference Trajectory Angle YAW Accelerator Function EtaX ETAX
Reference Trajectory Horz. Angle PITCH Accelerator Function DeltaX DETAX
Net Rotation Angle about Trajectory | ROLL Accelerator Function EtaY ETAY
Elevation ELEVATION Accelerator Function DeltaY DETAY

Figure 11 illustrates the different controls and pop
ups in the Transport Stored Parametéfsmdow.

All of the selections listed in Table 1 can beade
from the various controls and pop ups in the
Transport Stored Parameters Windowijthout
having to know the TRANSPORT keywords.
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The symbolic name for The application-specific Keywor
Stored Parameters can be is generated by the user interfac
specified by the user. when a selection is made.

% Transport Store Yariables

Storage MName Keyword Horizortal Beam Half Angle (%)

“Yertical Beam Half Widin (v)

TR&M_R11 F11 wertical Beam Half Angle (v
Longitudinal Beam Half Width (z)
— Seiect iviatrix Longitudingl Beam Half Angle (2"
™ Beam Matrix £ Correlation Matrix

& R Matrix IReg Vl

Horizontal Beam Certroid Position () ZI
= i

|

R il E
. i T :
T Matrix I | I 4] Harizontal Beam Centraid Angle (<"
— - 1 an — . I — “Yerical Beam Centroid Position (v)
WTNEEE [ Bl AR I N | wettical Beam Centroid Angle (v
ﬁ Longitudinal Beam Centroid Position (z)
Longitudingl Beam Centroid Angle (z7)
R13 | R14 | RIS | RIE IHorizontaI Beam Half Wickh () j
R23 | R24 [ R25 | R26 Accept I
R33 | R34 | R3S | RaE [Honzontal Beam Centroid Position (x) j _'I
maa bmam Lman lmaa Lmar |omas Dielete
N | [l | [y | [T | [y | [ lAcceIera{or Function Betal j 1 -
— \ Accelerator Function Betak .
RE1 | RG2 | RE3 | RE4 | RES | REG |Eleam Line Accumulated Length j |Accelerator Function Alphak
Accelerstor Function Beta’
Storags Name Weyward = Accelerstor Function Alphay”

\m Accelerator Function Etall
L ————_|&ccelerstor Function DEtax

Beam Line Accumulated Length

’ <tor Function DEtay
A complete range of matrix
\_| elements can be selected with the
radio buttons and the matrix pangl.

Floor Coordinate X Value
Floor Coordinate % Yalue

Floor Coordinate Z Yalue

Wiewy Refeference Trajectary Angle
Reference Trajectory-Horizontal Angle
Met Rotation Angle about Trajectory
|Elervation

Figure 11. TRANSPORT Stored Output Parameters Window.

Refer to theTRANSPORTDocumentationfor a
technical description of the TRANSPOROutput
Parameters. The PBO Lab User Manual
Supplementfor the TRANSPORTApplication
Module also describeshe selection of location-
specific Stored Output Parameters in tWarker
PieceSection.
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TRACE 3D Stored Output Parameters

Specifying Stored Output Parameter®r the

TRACE 3D Application Module is similar to

selecting TRANSPORT Stored Parametexs;ept

TRACE 3D only supports diagnostic outputs at the . . . oo o
end of a beamline model. To defin&tored a beamiine model to specify Stored
Parameters foiTRACE 3D, a Final Piece must beutput Parameters for the TRACE
placed at the end of the beamline in thiedel 3P #PpicationModule.
Document Window. Double-clicking the Finldlece

in the beamline will open the Final Piece Window as

illustrated in Figure 12.

tia Beamline Model Iy ] 3

File Edit Yiew Command: Tools  Tutorial

[reccao =] BIEN 3< @l @] 3wl X el |

p—— — 1 ———— 7 — y

I s s Flopals I Iracing! I racking I Floor Coorqinaies _I

W0 LW P Charge I = i A Final Piece placed in the
I— 1| oo vass [1e7soooon — fwev  w] 85110 222 pheamline model is used to access

Stored Output Parameters for the
Trace 3D Application Context

)
=

Beam Energy Iz_gggggg IMBV j 00010 1.00e-

Beam Current ImAmp d 00000 1.00e
T

| 0.000000

Freguesncy

baximum Step Si

i

I Wﬁl I
¥

I quqdl I

Energyl Firal Elea ITRACE 3D VI

— Constraints
=
-
—_
Cpen | Removel
— Diagnostics
[~
[ -]
Cpen | Removel
— Store
Stored Parameters are TracedD  511=511 =]
. . T 3D 533=533
displayed in the Stor [ e
Panel of the Final ITraCESD §34=53¢ -
Piece Window
Cpen | Remove |
Comments:
IFINAL

Figure 12. Using the Final Piece to specify TRACE 3D Stored Parameters.
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% Trace3D Stored Parameters 1]
Storage MName Keyavord
[512 |512

(¢ Beam Matrix (' R-Matrix

- S11 1512 | 513 | 514 | 515 | 518 IAcceIeratnr Function AlphaX j Acoset |
. 521 | 522 | 523 | 524 | 25 | 826 .
Energy| Final Beaf) |TRACE 3-D 'l |Horizontal Beam Centroid Postion (x) |7 ,
A 531 | 532 | S33 | 534 | 535 | 536 : -
[~ Constraints —— DGR |
Sl 2 REIR) L o) () IHorlzontaI Beam Emittance (- =l
se1 | se2 | aea leed Izes [=ee || IPhicden =
The Application Context must b Storage Name [ oy =]
set to TRACE-3D in order to ope 511 ' 511

the Trace 3D Stored Parameter
Window from the Final Piece

— Stare

Stored Parameters are displayed in

Trace3D  S11=511 -

Trace3D $33-533 the Store Panel of the Final Piec
i 3D 512=512 i H
e anaans Wlndqw. Open button in the Store
| panel is used to access the Trace 3D
@Remm '| Stored Parameters Window

Comments:
[FinaL
1

Figure 13. Opening the Trace 3D Stored Output Parameters Window.

The PBO Lab Final Piece is actually a special case of
the Marker Piece and double-clicking it will open the
same type of Piece Window as the Mark&ece
(Figure 10). Refer to theBO Lab UserManual
Supplement for thERACE 3DApplication Module

for a moredetailed description of using tH&nal
Piece to specifyTrace 3D Matching Types
(Constraints), Diagnosticand Stored Output
Parameters. Figure 13lustrates opening the
TRACE 3D Stored Parameters Windofvom a
Final Piece that has been placed at the end of the
beamline model. Note that Application Contexist

be set toTRACE 3D inthe Final Piece Window in
order to open the Trace 305tored Output
Parameters Window.
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The symbolic names fo S o -
Stored P ¢ The application-specific

Ore : arame ers Can e Keyword IS generated b o 5 S aipRaE
specified by the user an

4 o the user interface when Accelerator Function Alphay
are used in Optimizer

1 i Accelerator Function Betay’
Constraint Expression selection is made Accelerstor Function AlphaZ
Accelerator Function BetaZ

% Trace3D Stored Parameters

Storage Name

Keywword

vV

|s12 |s12

“Yertical Beam Centroid Position (y)
“ertical Beam Centroid Angle (y")

@ Beam Mairic - R-Matrix Longitudinal Beam Certroid Position (z)
511|512 | 513 | 514 | 515 | 516 IACCelerafor Function Alphak ;] Longitudingl Beam Centroid &ngle (2
S21 | 522 | 523 | 524 | 525 | 526
K IHurizurrlaI Beam Centroid Position (x) j
=3 232 [ S33 | B34 [ 235 | E38
S41 | 542 | S43 | S44 | 545 | S48 |H0rizurrlal Beam Emittance (x=-x") ;I
S91 | 552 | 5593 | 554 | 595 | S56
SEB1 | SB2 | 363 | =64 | S65 | 566 IPhi (dew) j
Storage Mame | keyaord
=Ll 11 Longitudinal Beam Emiance (z-2')
Langitudinal Emittance (phase-energy)

A complete range of matrix
elements can be selected with the
radio buttons and the matrix panel.

Figure 14. Specification of TRACE 3D Stored Output Parameters.

The userinterface for selecting Stored Output

Parameters is user friendly and does negfuire in

depth knowledge of the TRACE 3D code. Figure %4' A .
illustrates the different controls and pop ups in thg'e 2 on the following page list a
Stored Parameters Windofor the TRACE 3D 2&}25 oﬁfpﬁfEariﬁetk;ZW for
Application Module. All of theselections that are

listed in Table 2 can be madeom the various

controls and pop ups in the Trace3Btored

Parameters Window, without having to know all the

TRACE 3D keywords.
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Table 2. TRACE 3D Stored Output Parameters.

28

Transfer Matrix (i,j,k,| =1,6) Keyword Beam Matrix (i,j =1,6) Keyword
1st-Order Transfer (R) Matrix Elemen Rij Reduced Sigma Matrix Element Sij
Beam Centroids Keyword Longitudinal Parameters Keyword
Horizontal Beam Centroid Position x| beamc(1) Phi (deg) Phi
Horizontal Beam Centroid Angle x’ | beamc(2) Energy (MeV) Energy
Vertical Beam Centroid Positiony | beamc(3) DP (deg) DP
Vertical Beam Centroid Angle y’ beamc(4) DW DW
Longitudinal Beam Centroid Position| beamc(b) DZ (KeV) Dz
Longitudinal Beam Centroid Angle z'| beamc(6) DP/P (MeV) DP/P
Beam Emittance Keyword Lattice Functions Keyword
Horizontal Beam Emittance (x-X') emito(1) Accelerator Function AlphaX beamo(1)
Vertical Beam Emittance (y-y’) emito(1) Accelerator Function BetaX beamo(2)
Long. Emittance (Phase Energy) emito(3) Accelerator Function AlphaY beamo(3)
Longitudinal Beam Emittance (z-z’) Ez Accelerator Function BetaY beamo(4)
Accelerator Function AlphaX beamo(5)
Accelerator Function BetaX beamo(6)
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Stored Parameters List Window

The ToolsMenu in the Optimizer Probleindow

provides a commandor opening the Stored

Parameterd.ist Windowwhich lists all of the stored

diagn.OSti.C OUtpUt param_ete_rs‘or_ the _en!:ire. The Optimizer Stored Parameters
Optimization Problem. This List Window is similagist window contains entries for all
to the Optimizer Variable List Windowescribed beamline Model Documents in the
previously. The Stored Parameters L¥§indow, o ool “rover: TANSEORT
illustrated in Figure 15, includes all Stored Beamiine Model Document are
Parameters for all of tHeeamline ModeDocuments 2accessed from the TRANSPORT List
. . . . . Windows Submenu in individual
in the Optimization Problem. The windamcludes pocument windows.

columns for the beamline Modelname, the

Application Module (optics simulation code), the

Piece Label and the symbolic name (Storage Name),

as well as the application-specific keywdat each

Stored Parameter.

Optics Calcutation Options
Optimizer Yariables Stored Output Parameters for all beamline madel
Stoled Bataet oty Documents in the Optimization Problem ar
i organized in a cumulative list window

Restare Brevious Yariables LI
Options |

PP o o o o I P o PP
el | SImUISmon | Lanel | =lorage Name | HEyworc | Use | walue

Lio1-Lin2 UnfitQuads phol — [Transpart |start Ent |BETAX | % |
e = S = ==y S— S E—

o102 nitGunds e [Tarsport_sort et Jeeax | % | |
L0t L2 it e vAToT fprmTon e | x|
o102 nitcunds e [Transport [ ATCH _[mrinaron  Jaerax | % | |

I ———
Double-click an entry in the list window to ope
Y the location-specific Marker or Final Piece

Figure 15. Application-Specific Stored Output Parameters List Window.
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Double-clicking anentry in the List Windowwill
open the corresponding Marker Piece Window for
that parameter. Thése column in the liswwindow
allows Stored Parameters to be disabhgthout
actually removing them. Clicking in thésecolumn

of a Stored Parameter will toggle that entry on and
off. The Value field in the Stored Parameterst
Window will contain values after the corresponding
optics code (Application Module) is executed,
otherwise the Value fields will be empty.
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5.

Optimization Constraints

Optimization Constraintare definedseparately for
each of the Optimization Engines (NPSQISSOL

and MINOS).

The Optimization Constraints
Windowsare openedrom the OptimizeiSubmenus

Constraints
the

Optimization
specified in

are

Optimization
Constraints Window, which

is

of the Tools Menu in the OptimizelProblem opened from the Tools Menu in the

Window as illustrated in

Figure 16.

The Optimizer Problem Window.

Optimization Constraints Windovese identical for
NPSOL and MINOS. These windows provide tab
panelsfor Linear and Nonlinear Constraints, al|

as a tab panefor specifying the Optimization

Objective Function.

Optimizer Yariables
Stored Parameters
Variable COrder

Restare Brevious Yariables
Cptions

Run MPSOL
| 35— Conskraints
MPSOL » /I Watch Values
MINGS 3 I
L5501 »
Arc Model \_\L
Ring Mocel Optics Calculation Cptions Run MIMOS

S

Conskrainks

Watch Values

\\ Run L550L

Conskrainks

The Optimization Constraints
Window has tab panels for Linear
and Nonlinear Constraints and

tab panel for the Optimization

Objective Function

The Optimization Constraints
Windows for each Optimization
Engine are opened from the
Optimization Submenus in the
Tools Menu of the Optimization
Problem Window

Linear Conztraints I MonLinear Constrairts l Ohjective Function
Constrairt
Lower upper
‘ [-100e+021 | == == [1.00e+021
|
Coefficient Variable
[0.000000

All Optim
are organ

ization Variables | [
ized in a pop-up |

Constraints

Addd Constrairt

Ceelete Constraint

Clear Constraints

1.000%%1 + -1.000*%4

Figure 16. Opening Optimization Constraints Windows.
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NPSOL and MINOS Constraints

The Optimization Constraints Windovase used to

define constraints in terms of Optimization Variablg&® optimzaton Constrants
and Stored Output Parameters. Uspecified constraint expressions in terms of
Optimization Variablesand Stored Output Optimization Variables and Stored
Parameters are organized in pop-up listsitoplify ~©utut Parameters.

the definition of constraint algebraic expressions.

By definition, Linear Constraints can only be defined

in terms of Optimization Variables. However,

Nonlinear Constraints and the Objectivenction

can be defined withOptimization Variables and

Storage Parameters. All Constraints include IowAerC ot © |
and upper bounds. The Nonlinear Constraint @by ies & varety of mathemadca
panel and theObjective Functiontab panelalso operators and functions for defining
include a convenient Operators panel, whiohtains @&/9ebraic constraint expressions.

a variety of mathematicabperators andunctions

that can be used in defining constragxpressions.

Figure 17 illustratesthe main features of the

Nonlinear Constraints tab pandls NPSOL. The

MINOS Nonlinear Constraints tab panelidentical

to the NPSOL example shown in Figure 17, but is

accessedrom the Constraints command in the

MINOS Optimizer Submenu of th&ools Menu in

the Optimization Problem Window.

A Constraint Expression can be typed directip

the Constraint field at the top of the window, or the

pop ups and operators can be used to construct the

expression. Defaults are providéat the lower and

upper bound values based on an option in thestraint Expressions can be
Optimizer Options Window. Thédd Constraint f)yg:rdt'g‘rg';‘;t'{;eﬂ:;gj pop Ups anc
button is used to accept a Constraint Expression a{pefssions.

add it to the list at the bottom of the window. A

constraint expression can be removexn thelist

by selecting itwith the mouse and pressing the

Delete Constraint button. All constraints can be

deleted at once using tkear Constraintdutton.
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Nonlinear Constraint Expressions ate
entered along with bounding limits i
the Nonlinear Constraints panel

= |
g @ptimizer Constraints X

Limeat Conztraints l MonLinear Constraints ]] Ohjective Function
— Conzstraint
.. . . L ]
Optimization Variables and Storage ower Vi LD
. . == ==
Parameters are organized in pop-up [s471520 [BxLmatcH [z472010
lists to §|mp||fy the_ definition c_)f  erstors
Algebraic Constraint Expression o] =T =T R
1 1 1 |Q1 14 ,I Add Constraint |
I | i i =
The Non.-Llnear Constralnt§ ta PR ¢ ) St paro Delets Conctiaint |
panel includes a convenient = =
Operators panel » | SoRT| [LOG | _ cear constrarts |
o3 | S| TAN |
Multiple Constraint
Expr ion re listed at t ? Caonstraints | Yalues | Lowy Limits | Upp Limits |Use =
p essions are listed a € AELMATCH [1.000000 -0.000100 0.0001100 X _I

bottom of each tab panel

Figure 17. Nonlinear Constraints tab panel for NPSOL.

The Optimization Objective Functionfor NPSOL

and MINOSare defined in th&bjective Function

tab panel of their respective Optimization The Objective Function is defined in
Constraints Windows. Figure 18 shows thel™msof Optimzation variaples and
Objective Functiontab panelfrom the NPSOL Functiontabpane.ofthec(ms'traims
Constraints Window. The MINOS Objective window.

Functiontab panel isidentical to the NPSOL

example shown in Figure 18, but ascesseffom

the Constraints command in the MINOS Optimizer

Submenu ofthe Tools Menu in théptimization

Problem Window.
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An algebraic expression of the Objective Function in
terms of Optimization Variablesand Stored
Parameters is entered in the text field at the top 164 objective Function tab panel

the tab panel.

Th®bjective Function talpanel
includes an Operators panel and pop-up f@tauser
specified Optimization Variablesand Stored

Parameters.

Parameters. Button controls are provide®éband
Clear the Objective Functionwith the current
Objective Function displayed at the bottom of the tab

panel.

@ Optimizer Constraints

l An algebraic expression for the

|

=
Linear Constraints honLinest Constraints l Ohbjective Function ] ObjeCtiVe Function is entered in th
" : scrolling Objective Function panel
’— Ohjective Function
[(0 5 * ((BYLMATCH 317233 172BYLMATCH) * (1 0 + AYLMATCH20+((((BYLMATCH [ 31723+ z
—operEtors Yariables Siored Paramstiers T e H
ES0 IR I R B (<R ] s _Add unctn | I
Delete Function
i I = I i I Clear lons
| ¢ | | = Currert Objective Function
(0.5 * ((BYLMATCH / 3172)+(3 1 T2EYLMATCH) * (1.0 +
= AYLMATCH2T+(((EY LMATCH /317 21431 T 2B YLMATCH) *
| SeRT] GG | | |y avimMaTCH2Y)"2-4 00550510 + (0.5 * (BXLMATCH g}:mﬂ?::
cos | _sm ] Tem | i\ilﬁ;g;iﬁﬁgiﬁ:)m(-: o TZFHE A TRLMATCH) * e
(1.0 + AXLMATCHA2Y)1"2-4 030 510 51 0 avimaren |
Objective Function | Lse ;“
(0.5 * ((BYLMATCH £ 3.A723+(3 1728 LMATCH) * (1.0 + &Y LMATCH2N+((((BYLMATCH F3A72)+(3.11 X H| The Complete Objectlve FunCtlon s
displayed in the Current Objectiv
| Function panel
|

defined and will be listed at the bottom of

Multiple Objective Functions can be
the window, but only one function is u§£d

The current

selected with an "X" in the "Use"
column at the bottom of the windo

Objective Function i;J

Figure 18. Objective Function tab panel for NPSOL.
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LSSOL Constraints

LSSOL is a constrained linedeast-squares and

guadratic optimizatiorprogram. Unlike the other N

two optimization engines (NPSOknd MINOS), >°°¢ g:ri;ejgﬁs ;‘rg“r:i,B%”tf:g
LSSOL does not use Output StoraBarameters Appligation Modules to specify
captured from the variousptics codes (Application Optimization Constraints.
Modules) in the PBO Lab environment. Constraint

expressiongor LSSOL are linear and therefore can

not contain Output Storage Parameters.

The LSSOL Optimization Constraint Windowused

to specify constraint expressions in termselfected ... constraint expressions for
Optimization Variables in a beamline model. UsegsoL in terms of the selected
specified Optimization Variableme organized in aCptimization Variables ina beamiine
pop-up list to simplify the definition oflgebraic ™"

constraints expressionsFigure 19 illustrates the

Linear Constraintstab panel of thelLSSOL

Optimization Constraint Window.

Linear Constraint Expressions are+

entered along with bounding limits i
the Linear Constraints panel

g L550L Constraints
Linzar Constraints L4 ! Oibiactive
= Constrairt
Lower Upper
‘ i-1 Oe+021 | 5= i i i1.E|e+EIZ1
Coefficient Variable
[0-000000 et | .
.. . . A Constraint
Optimization Variables are Moo Constramt |
organized in a pop-up list t Delets Constrairt '|
simplify the definition of ;
Constraint Expressions S CEEns |
. _' Constrairts | Walues | Lo Litmits: | Upp Limits |L|se ﬂl
Multiple Constraint

Expressions are listed at t
bottom of each tab panel

The Use column allows Constraint
Expressions to be toggled on or ||
L without deleting the Expression

Figure 19. LSSOL Linear Constraints.
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A Constraint Expression can be typed directiio
the Constraint field at the top of the window, or the
pop up for Optimization Variables can be used to
construct the expression. TBetbutton is used to
make a selectiofrom the Variable pop-uefaults
are provided for the lower and uppeoundvalues
based on an option in the Optimiz&ptions
Window. TheAdd Constraint button is used to
accept a Constraint Expression and add it tolighe
at the bottom of the window. Aconstraint
expression can be removidm the list byselecting

it with the mouse and pressing tbeleteConstraint
button. All constraints can be deleted at ousiag
the Clear Constraintdutton.

The Optimization Objective Functidior LSSOL is
defined in the Objective Function tab panel of the
Optimization Constraints Window, illustrated in
Figure 20

tables (c array, A matrix or b array)
using the row of controls at the tap
of the Objective tab panel

LSSOL supports a variety
of Optimization Problem
Types that are organized

Data is entered in to the three#

"m" defines the number o
Optimizer Constraints

in a pop_up ||St g L550L Constraints
T Linesr Consiraints ‘ T, 1
= RRE =l € [owooooo ""‘(1 1 IlU.EIEIEIEIEIEI 2 1 ‘{U.UUUUUU
- 1 2 3 - B

1 0000000 1 1.000000 1000000 1.000000 1 0000001

2 0.6000010 2 1.000000 1.000000 1.000000 2 06000010

3 0.000008 3 1000000 1000000 4.000000 3 0.000008

4 0.000000 4 1000000 1.000000  1.000000 4 0.000000

a 1.000000 1000000 1.000000 a 0000001

E 1.000000 1.000000 1.000000 E 06000010

7 1000000 1000000 4.000000 7 0.000008

5 1000000 1.000000  1.000000 5 0.000000

3 1.000000 1000000 1.000000 3 0000001

[‘c" array corresponds to the — ‘( "A" Constraint Maxrix) B "b" array corresponds to t%

number of Variables (n) (m x n) number of Constraints (m

Figure 20. Optimization Objective Function for LSSOL.
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LSSOL supports a variety of Optimizatiémoblem
Types which are described in thiser’'s Guide for
LSSOL The Optimization Type is selected with the
Problem Type pop-up in the Objective tab panel of
the LSSOL Constraints Window, as illustrated in
Figure 20.

The Objective functiorior LSSOL is specified using
the “c” array, corresponding to the number of
Optimization  Variables, the “b” array,
corresponding to the number of constraints and the
“A” Constraint Matrix. Data is entered intihese
three tables using pop-up controls to specify the row
and column in the “A” Matrix and then entering the
desired value in any of the input fieltts “b”, “A”

or “c”. After making aselection using theow and
column pop-ups, subscripts will appear nexeéah

of the text fields. Use the Enter key amcept a
valuefrom a text input field and it will bapdated in
the corresponding table.

Refer to theUser's Guidefor LSSOL for a
description of the different types of problenist
can be examined with LSSOL and thgecification
of constraints and the objective matrix.

37



PBO Lab 2.2 User Manual Supplement: Optimization Module (DRAFT)

This page is intentionally blank.

38




PBO Lab 2.2 User Manual Supplement: Optimization Module (DRAFT)

5. Options & Watch Values

The Tools Menu in the Optimizer Probléwindow
provides command&r opening the Watclvalues
Setup Windowsfor the NPSOL and MINOS
optimization engines. Figure 21 illustratgsening
the Watch Values Setup Winddwr NPSOLfrom
the NPSOL Submenu inthe Tools Menu. This
Watch Values Setup Windows is used to select the
Optimization Variables and Constraints that will be

displayedduring an NPSOLOptimization process.

The MINOS Watch Values Setup Windowapened

from the MINOS Submenu inthe ToolsMenu.
LSSOL does not support watch values.

BB PBO-Lab - Linl-LMATCH.UnfitQuads. pbol *

Fil=  view il
i TR

v B e e — "o LSO

L=

L0 -Li02 Unfit@uads phol

MINDS
L5501

»

Ciptics Calcutation Options

Conskraints
Watch Yalues

Optimizer Yariables
Stored Parameters

W
variaoie Craer

Festare Breviows Yariables
Options

during Optimization, the

To display the Watch Windoj
check box must be selecte

Optimization Variables and
Constraints for all beamline model

Documents are listed in the scrolling

lists on the left-hand side of the
Watch Values Setup Window

The Tools Menu in the Problem
Window provides commands for
opening the Watch Values Setup
Windows for the NPSOL and MINOS.

Select from the entries on the left side
the window and use the arrow buttons
make a Watch Value Selection

(o]

F

B optimizer Watch Setup
¥ Display Watch Window
i Wariables v
Q@114 - @114 :J
a1 N @121
@127 @134
@134 Q127
4
I J =
i Constraints:
Linear
- B
i
i
- -
MonLinear
AXLMATCH ;I AXLMATCH -
AYLMATCH » AYLMATCH
BHLMATCH BRLMATCH
BvLMATCH BYLMATCH
i
- [

Figure 21. Selecting Watch Values for NPSOL Optimization.
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Watch Values Setup Windows

The Watch Values Setup Windoer NPSOL and

MINOS) are divided into Variables andonstraints

panels and the Constraints panefusher divided

into Linear and Nonlinear Constraints. SeWptch

Values by selecting arentry from thelists Of watch values are selected from the
Variables and Constraints on the left side of tlgs of Variables and Constraints on
window and pressing the riglarrow button (in the 0% \wach lists oo 1o ide of
middle of the window) to copy the selection to the&: window.

lists on the right side. Entries can also be removed

from thewatch lists on the right side of tlvandow

by selecting them and pressing the kaftow button.

The example shown in Figure 21 onlgontains

Variables and Nonlinear Constraints, so the Linear

Constraints list is empty.

In order todisplay the selected Watch Valuhsing :/r\ll:tsgi\sﬁ:sswrgl::;bv?/ii?jls\;:vt’? Shirc]i
the Optimization process, the check box at the topbefmust also be checked in order to
the window must also be selected. To disable i) T reoiie during e
display of the Watch Window without deleting angptimization Process.

of the selected Watch Values, un-check the box. If

there are no Watch Valusslected and/or theheck

box to display the Watch Window has nbéen

checked, thenthere will be no output until the

Optimization process has completed and nlaéve

output from the Optimizer is displayed.
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Optics Calculation Options

The OpticsCalculation Options Window, shown in

Figure 22, is used teelect the type ofoptics

calculationthat will be used with thalifferent The Optics Calculation Options
Application Modules (TRANSPORT, TRACE 3D);ol @ 000 0 b o) and
that may be used in the optimization process. The caiculation option that will be
Optimizer Tool automaticallyruns anApplication used during the Optimization
Module to get valuefor application-specific Stored”*****

Output Parameters that have been selected in the

beamline Model Document Window. Thegadues
are thenused in theevaluation of Optimization
Constraints and the Optimization Objectifraerit)
function. Each timeOptimization Variables are selecting the Simulation Type
changed, theApplication Module is executed Nt a beamline Model Document, the
order to update the Stored OutpuRarameters. Execution Type must be selected.
Optics Calculation Optiongare provided sothat

specific selectionsan be specifieflor automatic

execution during the optimization process.

EEPBO-Lab - Optimizer Problem.pbol *

File View [l
B oPTIMIZER, » [NCEON » ‘
—  MINGS 3
LS50L »
[arc Model = ;.[
Ring Model Optics Calculation Cptions

Optimizer Yariables
Stored Parameters
| ‘ariable Order

Each Beamline Model Document in the

- Optimization Problem can have an independent
. z‘;lt;nr: Frestions arizbles Symulation Type (Application Module) and an
| Execution Type (Application Command)

% Simulation Type

hadels i Simulations - Transport Execution Type
& Run Transport YWithout Fitting

“Arc Miodel Al
‘ Trace3D £~ Run Transport Witk Fitting

Transport

and the Symulation Type, then the
Execution Type options will be activated

HI = -

First select the Beamline Model Documjnt

Figure 22. Specifying Optics Calculation Options.
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Application Modules have differergelections in the
Optics Calculation Options Windover specifying
the command that will be executed at each iteration
in the optimization process. For example, the
TRANSPORT  Application Module includes
selectiongor running TRANSPORT with or without
Fitting, as illustrated in in Figure 22.

There are threguanels in the Optic€alculation

Options Window. TheéModelspanel on the lefside 1, ¢ ccity an optics calculation

of the window contains a list of all tHheeamline option, select a beamline Model

Model Documents inthe Optimizer Problem. ?ﬁgmg[&?g‘;hell“cﬂaifoegshﬁggelg

Clicking on a Model Document in this pan@ill om te simulations panel.  Now

select that model andctivatethe middle panel select from the available options in

labeledSimulations The Simulationspanelcontains e Execution Type panel.

a list of applicable Application Modules. After

selecting an Application Modul&rom this list, a Opfi_mlizatt)ion Troblen;s Ithat contain
; ; ; ; ; multiple beamline Model Documents

th.|rd panel will beaqtlvated_ on thelght side of _the can  use different Application

window that contains optionfr different optiCS Modules and/or different calculation

calculationsthat can be used with theelected options for each Model Document.

Application Module. For example, a hierarchical

optimization can be carried outusing the

TRANSPORT calculation optionRun Transport

With Fitting to perform a localized fit with

TRANSPORT, while a global optimization is

performed with the optimization engine.

The Optimization Tool determines which
Application Modules need to be executed based on
the selection of Stored OutputParameters.
However, theselections inthe OpticsCalculation
Options Window specify what type afalculation

will be performed foreach beamline Modekhen

the Application Module is executed.
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Optimizer Options Window

The Options command in the Tools Menu of the

Optimizer Problem Window opens thHeptimizer

Options Window, as illustrated in Figure 23his

window contains atab panelfor each of the The Options command in the Tools
Optimization engines. Each tab panel contains b spens the optmer ontons
Options and Preferences. The Options pane$es window.

to set options thatare passed directly to the

Optimization engine. The Preference panelssd

to select different output preferencdsr the

Optimization Tool in PBO Lab.

The selections in the Optimizer Options Window are
those most commonly used. However, itaiso
possible to use the nativeoptions file of the
individual optimizationprograms to specify any
option described in the different user manuals. To
use the native options file, check the Hox “Use
NPSOL.OPT Options File” in the Options panel of
the window. Using the native options filgill
overwrite any optionsselected inthe Optimizer
Options Window, but will not effecPreference
choices. Refer to thgser’'s Guidefor NPSOLfor a
description of individual options.

E PBO-Lab - Trace OPTI Problem 1.pbol =
Filz  Yiew RN

OPTIMIZER »

Eu [ WPl g B3 optimizer Options
MINOS 2
L5501 v NPSOL | LssoL | MINOS |
Optics Calculation Options Options
.. . Feasihility Tolerance Moo onn | werify Level =
Optimizer ¥ ariables ! e — ‘ |Y
Stored Parameters Cptimality Tolerance ,M Major terations Linit 20
‘Wariable Order i . - ) . 2
Function Precision ,M Major Print Lewvel ,m—
Default Bounding Limit Start Constraint Check
| Ooors gk ’ e 1
[ Use MPSOLOPT Options File Stop Constraint Checi |1
[~ Use Hessian
Preferences
PBO Lab Preferences for the [ Wite Low Level Disgnostics File
Optimization Tool are also — =L | ¥ Show NPSOL Output Windowr
included in the Options Window B S AL e e

Figure 23. Optimizer Options Window.
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-a Optimizer Options

@ 1 LssoL | MINOS

— Otions

Feasibilty Tolerance IU.UUEIEH noo Werify Level IU

[

Optimality Tolerance IW Maijor kerstions Unit IZD— ‘
Function Precision IW Maijor Prirt Level Im—

Default Bounding Limit IW’ Start Constraint Check I1— ‘

[ n

™ Use 'WPSOL OPT' Options File Stop Constraint Check

[ Use Hessian

contains tab panels for each of t
Optimization Engines

The Optimizer Options Windowﬁ
e

-a Optimizer Options

—Preferences ————————— MPSOL ] LS=0L I MINOS
I~ wirite Lowe Level Disgnostics F

— Otions

V' Showe MPSOL Cutput Window

Crash Tolerance e ———
[ Show MPSOL Summaty YWincd: IU-E” 0o00a0

Feasikilty Tolerance I 0.00000009

|
“‘ Infirite Bound Size |1 000e+021 Feasibiity Phase teration Limit ISD ‘
I

Step Size 1.000e+021 Optimality Phase teration Limit  [5n |
Rank Talerance m Print Lewvel |1D—
PBO Lab Preferences | L
for the Optimization B Optimizer Options
Tool are also included e . NPSOL | LssoL ] @ ]
in the Options Windo ¥ Shosw LSSOL OUput Wind | — options
Feasibilty Tolerance IEIEIEIUW Werity Level IU

Optimality Tolerance IEI.EIEIUEIU1 oo Major terstions IEU
Function Precision I 5 000e-013 Minar terations I 40
Penalty Parameter I 1000000000 | Print Freguency: 100

Common Options are included in Damging Parameter ooooooon | Summary Freauency Fr—
the Optimizer Options Window, = [ Us= MINOS.SPC" Options File

but Options may also be specifie
using the native Options File for
each of the Optimization Engine [ Show MINOS Outout Window
[ Show MINOS Summary Wincow

— Preferences

Figure 24. Options tab panels for NPSOL, LSSOL and MINOS.

The PBO Lab preferences for the Optimization Tool
differ slightly for the threeOptimizationEngines.
NPSOL includes preferences to automaticaihen
the nativeNPSOL Output and Summary files, as
well as a preferencéor generating a lowlevel
diagnostic output file. LSSOL has one preference
for automatically openingts native Output file.
LSSOL does not include Summary abiagnostic
output. MINOS preferences includritomatically
openingnativeOutput and Summary files. There is
no low level diagnostic output for MINOS.
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7. Running an Optimization
Problem

An Optimization Problem is definedwhen - _
Optimization Variables have been selected in tﬁ%"mf’f‘“:’h”ep,;,‘:;ffsc'jmsnﬂrﬁzg
beamline model and Optimization Constraings/e iocated in the Optimizer Submenus
been specifiedor the targetedptimization Engine. in the Tools Menu of the Optimizer
Watch Values must be setup arder toview the FrevemWindow
optimization process but theare not required to

define an Optimization Problem. Tlogtimization

process is started using one of Ren...commands

located in the OptimizeSubmenus inthe Tools

Menu of the Optimizer Problem Window as

illustrated in Figure 25.

Run MPSOL
Conskrainks
Watch Yalues
HPSOL 3 L ) ) .
MINGS , ! T Run MINOS Each Optimization Engine is execute
— L550L r ~— 7 T from its own S_ubrr_1enu in the Too_ls Menu
Ring Madel Optics Calculation Cptions Watch Values of the Optimization Problem Window
Optimizer Yariables
Stored Parametears \Q Run L550L
‘atiable Order
1 Constraints
L Restore Previous Yariables =
I Cptions ]

Figure 25. Run an Optimization Problem from the Problem Window Tools
Menu.

When the optimization process is completertagve
output files areautomatically opened ii®BO Lab
Text Edit Windows. The preferences for
automatically openinghe native output files are
found in the Optimizer Options Window. these
preferences are not checked then the output files will
still be generated, but they will not letomatically
opened following execution. Previoushgnerated
output files may be opened any time using \ew
Menu commands in the Optimizer Problem Window.
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Optimizer Watch Window

The Optimizer Watch Window is opened when the

Run Optimizer Command is selected in theols .~ .
Menu, if Watch Values have been selected in tkgeected or the Display Watch
Watch Values Setup Window. If no Watdfalues Window check box is not selected,
have been selected or the Display Waldindow o7 " Teter Wrdownit bo: b
check box is not selected, then the Watdimdow process.

will not be opened during the Optimizatipnocess.

Figure 26 illustrates running the Optimizer from the

Problem Window Tools Menu.

The Objective Function is displaye
with the current value calculated by the
Optimization Engine at each step

User specified Optimization Variables are
displayed with dynamic gauges showin
the current value and the limiting bounds

B8 Optimizer Watch Window
— hjective Function \/
lr(n S #((AY] MATCH £ 3 1720403 17208 MATCH) * (1 1 + &Y1 MATCHA2)+((0AY] MATCH £ 3 172)+(3 1 720Y] MATCH) * (1= nann? |
— Contraints Wariahles Vi
AXLMATCH : - Q14 H i T i
-0.000M 0.0001 0.0001 500000 101881 0.0000
AYLMATCH : @121 I |
. i =] B3
-0.0004 0.0001 0.0001 0.0000 18.5254 50.0000
BHLMATCH | T a7 | I | 4]
31720 31720 31720 500000 -17 3373 0.0000 tty CondHz Cond T Conw
161 E+00 3E+00F TF
EYLMATCH l I : @134 ' | i 021 E+00 7 E+D0 F TF
34720 34720 34720 00000 55398 500000 (031 1001 Eo01 FTF.
A 021 E+BGLE+OIFTF
+01 1.E+00 2E+01 F TF
6 01.05+00 12-2536954716-00 D.0E+0064E-03 0 0 0 42.26+021.E+00 2E+01 TTF
Minoritn 0. Central-differences cornputed. QP re-golved.
7 GO0.0E+00 13 109656900503 0.0E+D064E-03 © 0 0 446E+021E«001E-01TTF ¢
ot f f 8 004E-01 17 4,00801800E-04 D.0E+00 G7E-04 0 0 0 445E+021E+001E+D1TTF ¢
Optimization Constraints are dlsplaye 9 G1.0E+00 24 221513315E5-04 0.0E+001.35-05 © © 0 414E+031E+D05E-00TTT ¢
with dynamic gauges showing the ot NP Bhae o 0 Mathe . & r e 94 nerede
Rt Exit NP phase. Inform= O Majits= § nfun= 24 ngrad= §
current value and the limiting bound
Wariahle State  Walue  Lowerbound  Upperbound Lagr multiplier  Slack
o . variable 1 FR 1018812  -60,00000 1019
Application-specific Stored Parameter variable 2 FR 1852537 . 5000000 1953 o
[P ble 3 FR -17.23727  -60.00000 17,34
are calculated by the Apphcatlon Module f.rfu.f 4 FR 5530818 . 50.00000 5540
at each step in the optimization process
Monlin conetrnt State Value  Lowerbound  Upperbound Lagr multiplier  Slack
nincon 1 LL -1043236E-03 -1000000E-02 .1000000E-03 1.028708 4324E-05
wiacon 2 UL 1056448E-03 -1000000E-03  1000000E-03 -2365161  -6B45E-05
nincon 3 UL 2172007 3471080 2472010 -1.102086 2166E-08
. ) wiacon 4 UL 3472000 3471880 3472010 -T129950 8592E-05
The Optimizer Output file o
. X _ Exit NPSOL- O
is automatically opened i i
. . Final nonlinear objective value = 2111851603
a Text Edit Window :
4 D N

Figure 26. Optimizer Watch Window and NPSOL Output Window.
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During optimization the Watch Window is used to

monitor the Objective Function aswell as

Optimization Constraintand Variables. This

window dynamically displaysthe optimization (" Watwh Widow is used to
. . . ynamically display the optimization

progress during execution. Displgguges that arepogress during execution.

bound by the usespecified limitsare updated at

each step in the optimization cycle to illustrate the

current valuesfor Optimization Constraints and

Variables. A display at the top of the windaigo

shows the current value for the Objective Function at

each step in the optimization process. An example of

the Watch Value Window is shown in Figure 26.

The Optimization Variableare used to update the

beamline model(s) during the optimizatiprocess.

Any application-specificStored Parameters are Optimization process is

calculated bythe respective ApplicatiorModule. compiete, the NPSOL Output file is

The Objective Function is evaluated by theutomatically openedin a Text Edit

Optimizer Tool and its current value displayed at Vindow:

the top of the Watch Values Window. When the

process is complete, the native Output and Summary

files are automatically opened in alext Edit

Window as illustrated in Figure 26.

Some problems may require multiple

In some cases the Optimizer will not find an optimadecutions of the Optimizer to find
solution on the first execution. The “LiQ1- anoptimalsolution.
LMATCH.UnfitQuads.pbol” Optimization Problem

used in this Supplement is an example. The optimal

solutionfor this problem took two executions of the

Optimizer to get the results shown in Figure 25.

Following the execution of the Optimizer,

Optimization Variables selected ithe beamline Each iteration in the Optimization
model(s) of the Optimization Problem will be Pioses Lecees o e
altered. This is true even if the optimal solution i$ the optimizer so that the Stored
not found. The Optimizer uses thpplication Output Parameters can be
Module that has been selected in the Simulation Ty o3¢ Py the Application
Window to evaluate thapplication-specific Stored

Output Parameters each timée Optimization

Variables are modified.
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At each step in theOptimization process the
beamline model(sare updated with thévariables
chosen by the Optimizer, so that the Sto@adput
Parameters can be recalculated by Application
Module. Consequently, the beamline model(s)

be modified with respect to the Piece Parameters that
have been chosen as Optimization Variables.
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PBO Lab™ 2.2

(Particle Beam Optics Laboratory)
User Manual Supplement:

Optimization Module

Appendix A
*“NPSOL User’'s Guide”
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PBO Lab™ 2.2

(Particle Beam Optics Laboratory)
User Manual Supplement:

Optimization Module

Appendix B
*“MINOS User’'s Guide”

109



PBO Lab 2.2 User Manual Supplement: Optimization Module (DRAFT)

This page is intentionally blank.

110




PBO Lab 2.2 User Manual Supplement: Optimization Module (DRAFT) [

PBO Lab™ 2.2

(Particle Beam Optics Laboratory)
User Manual Supplement:

Optimization Module

Appendix C

“LSSOL User’s Guide”
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