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Abstract

A new method to operate machine model and beam simulation programs for accel-
erator control has been developed. Existing methods, although cumbersome, have been
used in control systems for commissioning and operation of many machines. We devel-
oped GENI, a generalized graphical interface to these programs for model-based control.
rI“his “object-oriented”-like environment is described and some typical applications are

presented.
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1. Introduction

Machine modeling and beam simulation codes are the basis of a model-based accel-
erator control system. Some of these codes were developed for machine lattice design
study and others for operation and commissioning, and thus are operated and controlled
very differently. There is a great need to develop a generalized graphical environment to
operate all of these codes and this need motivated the development of GENI, a GENeral

>Inte_11fi':xcp.

GENI provides the user with a color graphics environment comprising a variety of
objects such as windows, plots, tables, menus, and buttons. These objects are combined
in a unique way to give the user maximum information and control for beamline analysis
and design study. It reduces the time-consuming task of learning how to operate a

simulation code to the simple task of learning how to play a video game.

We have applied this interface to several modeling codes, including COMFORT [1],
a lattice modeling code, and RESOLVE [2], a trajectory error analysis and simulation
code. In all cases, we have utilized the underlying object-oriented [3] structure of GENI
and built on this to perform the specific functions as required. The use of GENI to
operate COMFORT to make changes in the machine functions will be described in this

paper to illustrate the ease of use of this graphical environment.

2. Existing model interfaces

In general, most of the existing interfaces of the beam optics codes can be described

as having four input sections and one output section. The sections are:
(1) The beamline element definitions,
(2) The beamline definitions,

(3) Function select options,



(4) Output select options, and
(5) The output in tables and plots.

The first two sections are standard among all codes since they use the MAD [4]
language to describe the beamline elements and to define the beamline itself. The dif-
ferences generally lie in the control and output statements. For example, one code may
have control statements for twiss parameter fitting and another for orbit correction. In
fact, even if two codes do perform the same function, invariably their control statements

will differ. This is the impasse that GENI can be used to overcome.

3. New model interface

The new model interface, GENI, does contain the five sections of the existing meth-
ods. The information contained in sections (1) and (2) is obtained from the target
simulation code. The remaining three sections are implemented by the user with the
graphical interface. GENI presents I/O information and control to the user in its own
environment which has been carefully designed for optimal performance. This new envi-

ronment contains the same number of sections. They are renamed as:
‘ (1) Input Display window,

(2) Element Map,

(3) Input Control menus,

(4) Output Control buttons, and

(5) Output Display window.

Figure 1 is a schematic diagram showing the layout of the five sections in GENIL
The Element Map, located at the center of the screen, is used to provide the necessary

connections to the other sections. This layout allows all five sections to be encapsulated



and therefore the operations only involve message passing among themselves. The en-
capsulation of each section provides an object-oriented-like environment that makes the

integration of GENI to different codes simple.

3.1. Interface detail

Since the Element Map is the focal point of this design, it will be described first.
The Element Map displays icons of beamline elements in the order in which they appear
in the beamline. Scroll arrows are provided to move the map along the beamline since
the number of elements that can be displayed at one time is limited by the workstation

graphics and is generally less than the total number of elements in the beamline.

For convenience, the Input Display window is subdivided into three regions. The
parameter values that are not changeable, such as the name, type, and location of an ele-
ment, are displayed in the left region. The center region is used to display the changeable
parameter values, such as the field strength for a quadrupole magnet. The right region
is used to display the value of alignment errors, such as displacement and rotational

misalignments.

The Element Map interacts with the Input Display window by showing parameter
v#lues associated with a particular element in the map. This can be done by moving
the mouse pointer near the icon in the Element Map. Also, when the pointer is on an
element icon a marker will appear in the OQutput Display window to show the position
of this element on the plot. With these features, the user is presented with all the
relevant information about a particular element, including its position along the beamline,
its values on the plots, and its parameter values, all at the same time. A schematic

representation of these connections is shown in fig. 2.

The Input Display window has been designed to perform one of GENI’s most inno-

vative and powerful functions. By clicking the pointer on an element icon in the Element



Map, both the center region and the right region of the Input Display window become
active regions by converting changeable parameters into buttons. The user can click a
button to open a menu for making changes to the element’s parameters. In addition,
the user can see the effects due to these changes in the Output Display window. Fig-
ure 3 shows a more detailed diagram of the Input Display window for individual element

function control.

In_general, every element parameter can be altered in two ways, namely, simulating
or fitting. Simulate is a manual operation to instruct the code to compute the effects on
the beam produced by the change in parameter values. Fitting is an automatic operation
to instruct the code to change the element parameter value analytically to obtain some
desired change on the beam. The combined use of these features provides the user with

an interactive environment for rapid analysis and methodical algorithm development.

The remaining regions are essentially the control areas consisting of menus and but-
tons. The Input Control window is a menu system for function control of the entire
simulation session. Controllable options are items such as defining simulation regions,
setting the order of approximation, invoking the simulation program, and showing the
current state of simulation. The Output Control window consists of buttons that ma-
nipulate the Output Display region. The combination of the input and output control
windows provides a function-oriented interface that can be used to replace the interface
for modeling and simulation codes. The operation of COMFORT will be described to

show some of the above features in the next section.

4. Application to COMFORT

COMFORT is a machine function simulation and fitting code for storage ring design
and control applications. Its input file consists of both beamline element and beamline

definitions in the standard MAD format. Like most other codes, it has its unique input



data format for function and output control. Figure 4 shows a typical view of the GENI

environment for COMFORT.

This figure shows the state of simulation after the user changed the strength of a
quadrupole magnet and displayed the corresponding change in a machine function. This
change was made by bringing the pointer near the icon of a quadrupole element and
clicking the mouse. This action instructed GENI to alter the color of this icon in the
element map (making it an active element) and to change the K1 parameter (the strength
of this element) into a button. Clicking this button opened a menu which allowed the
user to enter a new strength (see fig. 3). This new value was then displayed in the Input

Display window as an Actual Value.

To see the effects of this change, the user clicks the Simulate option on the Input
Control menu and the result is displayed according to the Output Control selected in the
Output Display. It is possiblé to display a plot of any machine function (Beta, Alpha,
Eta or Etd'). In addition, the user can create a another display window with the New
Window button to see two or more plots at the same time. All these features provide

the user with a comfortable interactive environment to operate COMFORT.

5. Integration with other beam codes

GENTI can be viewed as a framework which interacts with machine modeling and

beam simulation codes as follows:
(1) Extract and display information,
(2) Change parameter values, and
(3) Perform simulation and fitting.

Since GENI is object-oriented in nature, it can be integrated with other codes by

implementing only a few message-passing routines to perform these functions. Extract-



ing information from the target code is generally the most laborious part. Changing
parameter values and performing fitting or simulation is relatively easy. With a handful

of routines, GENI can be quickly integrated with any modeling code for discrete element

beamlines.

6. Portability to workstations

:A}t}}ough GENI was developed on a DEC VAXSTATION 200 using UIS graphics, it
was designed with the intent to port this graphical interface to other workstations. With
that in mind, a kernel was essentially written to translate GENI’s graphics commands
to the device-dependent routines. The most time-consuming work will be to implement
the interrupt mechanism for menu and button control since all other tasks, such as draw
a line.or open a window, are easily implemented. It has been estimated that the time

required to implement GENI on a Macintosh is one week.

7. The NEXT implementation

A new application is to implement GENI in a portable trajectory analysis and cor-
rection system that can be used in any control system, or as a stand alone program. This
new system, THE WORKS ( THE WORKstation Solution ), is being developed using
a dedicated NEXT computer. Figure 5 is a schematic diagram showing the elements in

the THE WORKS.

The upper half of the diagram shows how THE WORKS can be used to develop
rules for expert systems or to train neural networks for adaptive control. After they have
been developed and trained, the lower half of the diagram shows how they can be used

to analyze or control the beam trajectory data automatically.



Presently, the center three elements in the diagram have been completed. To trans-
port THE WORKS to a different control system, only the Interface to Database element

needs to be customized.

THE WORKS is currently being implemented to operate SPEAR. At the same time,
work is in progress to develop rules and neural networks to automate some of the manual

operations.

8. Summary

The use of a model-based program to commission and control a complex accelerator
system has led to the recent success in the operation of SLC. The work described in this
paper represents only the first step toward the development of a model-based control
systern that will be needed to commission and operate future accelerator systems more

effectively and effortlessly.
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Figure Captions

1. A schematic of the five sections that comprise the interface to modeling and simulation

codes.

2. A partial view of the GENI interface to show the connections of the Element map to

the Output and Input Display.

3. A view of the Input Display window after the user clicks the mouse pointer on an
element icon in the Element map. Changeable items appear with boxes surrounding

- them, making them active for user actions.

4. A typical view of the GENI environment showing the effects on the Beta function

after the user changes the strength of a quadrupole magnet.

5. A schematic diagram of THE WORKS to show how Neural Networks, Expert Systems,
Modeling and Simulation codes, and a Graphical User Interface can be combined into

a single system.
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