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Introduction

The Strathclyde GUI (a provisional name) is designed to simplify the use of
components, or groups of components, that are linked by beams of electrons.

When the GUI is completed, it will offer the following features:

• A mimic diagram of any configuration of interest

• Simplified and error-resistant parameter entry

• Automatic unique file naming

• Data base of files

• Automatic hand-shaking between modules

• Simplified display selection of results

The examples in this note are based on the work being done by Dr. Brian
McNeil’s group at Strathclyde, and refer to a selected subset of components
from categories such as accelerators and FEL simulators. The GUI can easily
be extended to handle other components of any type that handle electron beams.

This paper is divided into two sections. The first part describes features that
have already been implemented, and the second lists facilities that we hope to
add in the future.
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Chapter 1

Initial Dialogue

Figure 1.1: Entry dialogue to the Graphical User Interface

Figure 1.1 shows the ‘entry’ dialogue to the Interface. It is designed to capture
your name or initials. A feature of the GUI is that every file generated by soft-
ware has a unique name, which includes your identity. The entry dialogue does
not address security. No passwords are involved.

A click on the Go on button takes you to the Mimic Diagram, described in
Chapter 2.
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Chapter 2

Mimic Diagrams

This section lets you construct a mimic diagram of your system. Once you have
given your initials to the Entry Dialogue, you see a screen which is blank ex-
cept for a few small items. This is your palette, where you can build an FEL
configuration.

At the top left there is a blue rectangle with the legend

“ New components appear here. Please keep this area clear.”

The main menu gives you the following options:

• New Configuration. Use this to start building a new configuration.

• Open Configuration. This lets you load a configuration which you (or
someone else) has previously defined so that you can edit it.

• Save Configuration. This will update the configuration you have loaded
and modified.

• Save Configuration as. This saves the current configuration as a new
file, without changing any other files. A new unique file name is supplied
automatically, but you may add an arbitrary suffix.

• Print Configuration. The mimic diagram is printed.

• Close. The GUI program is closed.

Once you have clicked on New Configuration, or loaded an existing one,
the Components menu is enabled. The current list includes seven items:

• GENERATOR : The generator module for ASTRA

• ASTRA : The ASTRA accelerator simulator

• ELEGANT: The ELEGANT accelerator simulator
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• MASP: The MASP beam conditioner

• PUFFIN: The PUFFIN undulator simulator

• BEAM DUMP : A beam dump

• VISIT: A graphics program

The list can easily be expanded to include modules of other types.

To select an item, click on the menu. A labelled icon appears in the area for
new components. Use the mouse to drag it away and put it anywhere you like
on the screen. Note that components cannot pass through other components
(so you must move round them), and you cannot create a new component if the
‘new component’ box is still occupied. The largest number of components of
any one type you can create is four. 1

The components (except for the graphics program) are linked by (simulated)
electron beams. For the most part, each component has a green ‘input’ dot, a
red ‘output dot’, and a blue ‘information’ dot. As you might expect, the input
dot is absent from the Generator module, and the output dot is not present on
the beam dump. The graphics module has only a green input dot for data.

To connect two items with a simulator beam, put the mouse on the output
dot of the first module, press the button and drag the link to the input dot of
the second. This establishes a red link between the modules. If the data conven-
tions used by the modules are different, data translation is automatic provided
that the two formats encode identical information.

To connect the graphics program to any module, drag a link from the blue
information dot to the green input dot on the graphics module. The blue colour
implies that the link carries information rather than an electron beam.

Once you have set up the links, you can still move components around. Note
that the mimic diagram represents a simulator (not actual hardware) so there
is no need for the links to be straight lines.

Figure 2.1 shows a typical configuration once it has been set up.

1This restriction will be relaxed in due course

4



Figure 2.1: Mimic diagram

You may now work on any individual module. Double-click on its icon to
produce a short menu:

• Delete this component: The module is removed from the mimic dia-
gram, together with all its links.

• Set parameters for XXX: (XXX stands for the module name). This
moves to a new screen where you can set parameters for the module

• Run module: This invokes the code to run the module with the given
set of parameters.2

2This is only available if the program is run on a sufficiently powerful processor
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Chapter 3

Setting parameters

Every module in the system is controlled by a set of parameters. Parameter
values are generally grouped into named files called NameLists. A module can
expect

• One namelist

• Several namelists with different names

• Several namelists, some of which might be repeated more than once. For
example, the accelerator modelled by ASTRA may use many quadrupoles,
where each one is represented by its own namelist of parameters.

The screen that appears when you choose Set Parameters for any module
displays a box for each namelist that the the simulation module expects. If
there is only one namelist, the relevant part of the display looks like this:

Figure 3.1: Single namelist header

To set up a namelist of the selected name, click ‘new’ and then ‘confirm’. If
you are in doubt, click the circled query mark and you will see a brief explana-
tion. The display then moves to a series of pages where you can set parameter
values for the namelist. This is described in Chapter 4.

At a later stage, when you return to this screen, you can edit the parameters
(press “Edit”) or delete the namelist entirely. Each time you will have to press
‘confirm’ to show you really mean it.
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If a module expects several namelists, all with different names, the screen
will hold a number of such boxes. You can define the parameters in any order.

The most complex case arises when a module needs an arbitrary number of
Namelists with the same name and structure. Each type of multiple namelist is
defined by a box like this:

Figure 3.2: Multiple namelist header

Here you may declare how many Namelists of that type you need to define,
and you will be allowed to set the parameters for each one in sequence. To speed
up the process, every new namelist in the group (excpt the first) starts with the
parameter values you have defined for the previous namelist. The expectation
is that only a few values (such as position) will need to be changed.
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Figure 3.3: Multiple namelist header

Figure 3.3 shows the namelist selection screen for ASTRA, which may require
up to six single namelists, and six repeated ones.
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Chapter 4

Individual Parameters

Properties of parameters

The attributes of a parameter are these:

• Name. Names are chosen by the module builder and are consistent with
the programming language used. Sometimes an array of parameters must
be specified, in which case the array name is followed by an index in round
brackets.

• Type. Parameters can be integers, real numbers, strings, logical (Boolean)
values or one of a limited selection of keywords, allowing the choice of sev-
eral possibilities.

• Unit. This applies to numerical variables, and indicates the units used -
metres, microcoulombs, kilos, etc.

• Default value. This is the value that the parameter takes if not explicitly
specified

• Explanatory note. This is a note addressed to the user, and tells him
what the parameters is for.

Some parameters (of any type) may consist of vectors, where the elements
are separated by commas. An example would be the six-dimensional coordinate
of a particle (three positions, three momenta).

Parameter Entry Boxes

Parameter values are entered in boxes, similar to those shown in Figure 4.1:
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Figure 4.1: Parameter entry boxes

Rules for entry are straightforward. Every box contains the name of the
parameter, as determined by the designer of the module in question. (You can’t
change it, which means that you cannot get it wrong!) and a help button (?)
which displays a hint of the meaning of that parameter.

• Multi-choice boxes: Click the button that corresponds to your choice

• Integer boxes: In an integer box, the parameter name is followed by the
sequence (I).
Type a whole number which must consist of decimal digits, possibly pre-
ceded by the ‘-’ sign. Then hit ‘Enter’.

• Real boxes: In a real box, the name of the parameter is followed by a
sequence like (MeV) which indicates the expected units. (-) shows that
the parameter is a pure number.

Type a number which may be preceded by ‘+’ or ‘-’, and include a decimal
point. You may include a decimal scale factor, given by one of the letters
‘D’,’E’, ‘d’, or ‘e’ followed by a signed whole number.

• String boxes: Type a string (such as a file name) enclosed in single quote
marks.

Each parameter box is initially displayed with its default value. If this is the
value you want to use, don’t touch the box. The parameter will not be included
in the namelist that is eventually produced.
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The parameter boxes for any namelist are usually split into a number of
pages. This has no semantic significance, but depends purely on the size of the
screen.1 . Parameters which must be supplied (even as default values) appear
on the left of the screen.

Modules generally have many parameters, but usually some of them are not
needed. For example, inthe Newrun namelist for ASTRA there are four real
parameters called Xoff, Yoff, Zoff and Toff, but they are only needed if the
Boolean parameter Offsets is set to YES. The four parameter boxes are dis-
played on the right of the screen only if Offsets is specified. This feature does
much to reduce the total number of parameters you need to consider.

A curiosity of some specifications is that you may be given two parameters,
but told that you need specify only one of them. An example from the
GENERATOR namelist is shown in figure 3.4, where the grey box implies
that only one of the parameters need be set :

Figure 4.2: Alternative parameter entry boxes

1We could have used a scrolling screen, but didn’t.
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You can move forwards and backwards between pages using the buttons at
the top of the screen. When parameter entry is complete, press the Finish
button, and your namelist will be stored, reaady for submission to the module.

Parameters are presented to modules in the form of one or more FORTRAN
92 Namelists. Each namelist has an identifying header and a set of parameter
name-value pairs. Lines that start with a shriek-mark are comments, and the
namelist ends with a slash. An example called BEAM is:

&BEAM

fExternalData = ‘MASPOutput.in’

! Just as a demo, we specify a second beam constructed internally

! Parameters taking default values are omitted

qInternalStats =.true.

vBeamLength = 12,12,1,12,12,0.006

iElectrons = 1,1,1000,1,1,25

sBeamCharge = 2.5E-8, qRoundOrFlat = .false.

sSigmaTailoff = 0.05

/

It is worth noting that all the information about the parameters for each
module - their names, types and default values - is kept in a text file. This
implies that the maintenance needed to keep up to date with parameter changes
in the modules can be done by text changes in these files. No code changes are
needed.
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Chapter 5

Possible new developments

Here starts the second part of this document. The proposals are tentative, and
merely indicate what might be done in the future.

Wider selection of Modules

To incorporate a new module only a few changes are needed:

1. Design an icon for the module

2. Add the coordinates of its input, output and information dots to a speci-
fied place in the code

3. Add the name of the module to the ‘component’ menu

4. Write a suitable text file for the module’s parameters.

Parameter Definition

1. Checks on parameter ranges (both static, and dynamic (depending on other
parameters). This is technically trivial, but depends on getting the right infor-
mation from the authors of the various modules.

2. Giving several values to a parameter. Sometimes it is useful to run a
module several times, with some parameter (or group of parameters) increasing
in a specified way. We would introduce a notation similar to the FORTRAN
DO loop, so that, for example,
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sSigmaTailoff = 0.05, 0.1, 0.01

will imply that the system will generate six namefiles, with parameter
sSigmaTailoff set to 0.05, 0.06, 0.07, 0.08, 0.09 and 0.1, respectively.

3. At some stage it may be useful to introduce an optimisation module, which
uses a genetic algorithm to optimise some defined outcome of the simulation.

File Naming

The simulation package will generate many files, specially if the modules are
programmed to produce intermediate outputs, or many namelists are used, one
after the other, for the same module. We propose that every file generated by
the system shall have a unique name. It will contain the following fields:

• A code letter to say whether it is a namelist, an electron beam or a ‘radi-
ation’ file.

• A code letter to name the associated module

• The user’s initials

• The date and time of creation, as 12 digits : YYMMDDHHMMSS

• An optional suffix, which can ether be supplied by the user or added
automatically by the system.

This makes for rather long file names, but (as we suggest below) it will
hardly ever be necessary for a user to type a file name by hand.

File Data Base

The names of all the files will be collected into a data base. They will be dis-
played in a form resembling a spreadsheet. Each field will occupy a separate
column, and you will be able to sort on any column or combination of columns.
Thus, among thousands of files, it will be easy for you to locate - say - the
namelists you set up for PUFFIN on July 25th 2018.

Using the shift and CTRL keys, you will be able to select any file or group
of files, and to pass them as input to any selected module as input.

Displaying results

As I understand it (and I may be wrong) the VISIT module, if just given a list of
particle coordinates, will display two- and three-dimensional scatter diagrams
capable of rotation. But if the input is pre-processed, VISIT becomes more
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flexible and can display a large number of graph types.

I would rely on a collection of existing PYTHON functions to carry out
various types of pre-processing, and offer them in a menu (possibly branched).
I would also offer the user the opportunity to write his or her own preprocessing
function, test it, and add it to the existing menu.
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