XORBIT

AN X-WINDOWS

ACCELERATOR SIM ULATION

Paper presented at the

ComputationalAccelerator Physics Conference 1993

February22-26, 1993

Pleasanton, California

by

Kenneth Evans, Jr.

Advanced Photon Source

Argonne NationalLaboratory, Argonne, Illinois 60439

XORBIT AN X-WINDOWS ACCELERATOR SIMULATION *

Kenneth Evans, Jr.

Advanced Photon Source

Argonne National Laboratory, Argonne, Illinois 60439

ABSTRACT

Xorbit is an accelerator physics code that tracks particle orbits. Its two distinguishing features

are a rich graphical interface and the abilityto connect to and be controlled byexternal programs

such as Mathematica or control-system software. The design goal is to have a code that can be

controlled in much the same wayas a real machine is controlled. This allows the testing of control

algorithms before the real machine is commissioned or without disturbing the real machine at any

time. The graphical interface provides a means of changing magnet parameters easilywith

immediate visual feedback on the resulting orbit changes. There are a number of features including

interactive plotting of orbits and Twiss parameters; the abilityto displayerror positions, monitor

readings, or the full orbit; the abilityto displaytrue or difference orbits; as well as the abilityto find

closed orbits, track from given initial conditions, or applya varietyof correction methods. There is a

Design Mode in which element strengths and positions can be changed with the mouse with

continuous displayof the results. All of these operations are fast and intuitive.

INTRODUCTION

Xorbit is a Unix computer code designed to help in the design and operation of circular

accelerators, storage rings, and beam lines. It is a lattice design code that calculates the orbit

primarilybyusing 2 x 2 matrices. (Nonlinear elements are simulated with kicks, and random

element displacements are supported. Dispersion is obtained from the 2 x 2 matrices.) It has been

designed to be fast and easyto use and to provide immediate feedback when changes are made in the

lattice.

This ease-of-use and immediate-feedback are mostlyprovided through a graphical user

interface (GUI) which is based on Motif. It is especiallyeasyto make changes to individual elements

in the lattice and then see what happens with a minimum of typing input files and reading output

files. In fact, after the initial input file is made, most of the input consists of clicking with a mouse

on options, and most of the output is either automaticallydisplayed or available byclicking with the

mouse.

The second important feature of Xorbit is its Channel Access capability. This feature was

originallyimplemented to simulate the waythe Advanced Photon Source (APS) control system

accesses (or will access) the devices in the APS rings and beam lines over the Ethernet, so that Xorbit

could be used as a simulation for those devices to test control algorithms and procedures. The

mechanism, using Unix Interprocess Communication (IPC), bywhich Xorbit mimics Channel Access

turns out to also provide a powerful means of connecting programs, such as Mathematica, 1 or

spreadsheets like Excel, 2 to the orbit calculations in Xorbit. It is felt that the abilityto easilyuse such

powerful programs, which contain a multitude of flexible tools, is perhaps a better approach than

providing specialized (and to some extent inflexible) tools in the program itself. It is possible, in this

case, to keep the orbit code small and clean, and to leave the development of mathematical tools to

companies who can afford to spend more time developing and refining them. These tools also have

the advantage that manypeople are alreadyfamiliar with them and use them.

Xorbit is not necessarilya replacement for large, well-established, accelerator codes such as

Mad. 3 It is, however, an accelerator code that provides good visual feedback and which can tap the

capabilities of existing mathematical analysis programs to provide even more power than conventional codes in a flexible way. It can be effectivelyused alongside codes like Mad. Xorbit is

an accelerator code for the ’90’s.

Xorbit is written with a combination of Fortran and C. The physics is mostlyFortran, and the

interface is mostlyC. The code has been developed on Sun workstations and should work well in that

environment. It has been used with the Motif windowmanager, Mwm, and with the X Windows

windowmanager, Twm, as well as with the Open Windows windowmanager, Olwm. Because it is

an X-Windows code, it can be run on one platform, and the graphical results can be displayed on any

terminal or computer that has an X server. The mixed-language programming and the use of IPC,

which is not implemented in a standard way, maymake porting the code to other platforms difficult,

however.

The lattice is specified in an input file. There are means provided to convert Mad input to that

used byXorbit and back. In the interactive mode the remaining input is through the interface.

Xorbit can also be operated as a program that reads the input file and produces several output files

without the interface and without further user intervention.

MAIN WINDOW

Most of the work in Xorbit is done in its Main Windowshown in Fig. 1. The Menu Bar is at

the top of the main window, with buttons labeled File, Options, Orbit, Clear, and Help. Belowthe

Menu Bar is the Icon Control Area. This area contains the controls for manipulating the Icon Area,

which is just belowit. The Icon Area displays icons representing the magnet elements. Belowthe

Icon Area is the Graph Control Area. This area contains controls for adjusting and scrolling the

Graph Area, the bottom area, in which the orbits are displayed

The Icon Area contains icons for each of the elements in the lattice. Both the index of the

element in the lattice and its name are shown. The displaycan be scrolled in several ways. If an

element is clicked with Button 1 in the Graph Area, the icon for that element will appear at the

middle of the Icon Area display. This is the easiest wayto pick icons.

The main reason for the Icon Area is that if you click on an icon in the Icon Area, a dialog

box like that shown in Fig. 2 will pop up giving information about that element. This information is

Fig. 1.  The Xorbit Main Window.

current at the time the icon is

clicked and will not be updated.

Clicking at a later time on the icon

for the same element will display

another box with the then-current

information.  A fairly large number

of boxes can be displayed at once.

They can be dragged around the

screen and placed as desired.  They

can be used as a means of keeping

track of parameters as changes are

made in the orbit.  In addition, the

items that appear in text boxes can

be changed, and this is the primary

means of changing lattice

parameters via the interface.  In the

Element Information dialog box the

quantities A and B typically

represent the element’s normal and

skew strengths, respectively.  The

meaning of these quantities varies

somewhat depending on the type of

element, however.

The Graph Area contains

the orbit display.  The horizontal

axis is s, the longitudinal distance

along the lattice, and the vertical

axis is x or y, the transverse

coordinates.  Exactly what is

displayed can be controlled via the

Orbit Options item in the Options

pull-down menu, and the area can be

cleared via items in the Clear pull-

down menu.  In addition to the

menus, there are controls in the graph control area to size and scroll the display, and there are mouse

operations.

                         There are three operations that can be performed with the mouse in the Graph Area.

                                      1. Clicking Button 1 moves the icon for the element at the mouse pointer to the middle

                                                  of the Icon Area, where it can be clicked to display information about the element.

                                      2. Clicking Button 2 moves the position which is at the mouse pointer to the center of

                                                  the Graph Area.  The Graph Area display can be scrolled discontinuously by

                                                  repeatedly clicking Button 2.

                                      3. Pressing and holding Button 3 scrolls the lattice continuously.  The speed depends

                                                  on how far you are from the center, and the direction depends on which side of

                                                  center.

                   There are a number of options to control just what is displayed in the Graph Area.  These are

available through the Orbit Options dialog box actuated from the Options Menu.  They include which

coordinates to display, whether to display symbols for beam position monitors (BPM’s) and element

displacements, whether to show the orbit at all elements or only at BPM’s, the initial values (x
0

, x’
0

,

                      Fig. 2.  The Element Information dialog box.

y
   0

       ,y’
             0

                 ) for the orbit, and the number of orbit turns.  In addition, there are many menu options, which

are summarized below.

PLOT WINDOW

                         Plots of a
                                                    h

                                                        , a
                                                                v

                                                                   , b
                                                                           h

                                                                               , b
                                                                                      v

                                                                                          , g
                                                                                                h

                                                                                                    , g
                                                                                                          v

                                                                                                              , h
                                                                                                                      x

, h ’
x

, x, y, x’, and y’ vs . s can be displayed in the Plot

Graph Area in the Plot Window, shown in Fig. 3.  This window is selected from the Main Options

Menu.  What is displayed and how it is displayed are controlled by switches in the input file and by

the Plot Options dialog box, available from the Options Menu in the Plot Window Menu Bar.  The

same mouse operations as for the Main Graph Area are available, as are similar controls for sizing

and scrolling the display area.

                         The real advantage of the Plot Window is that there is a Design Mode that allows the

element strengths and positions to be changed by clicking with the mouse or by entering values in a

        Fig.3.  The Xorbit Plot Window.  The fourth quadrupole has been moved and the sixth changed.

                                                                                                 Fig. 4.  Design Mode dialog box.

text box.  The plots in the Plot Window change as the elements are changed, allowing immediate

visual feedback of the results of the changes on any of the above parameters.  The Design Mode is

controlled by the Design Mode dialog box, shown in Fig. 4.  An element is selected the same as it is

selected for the Icon Area, most conveniently by clicking on it in the Plot Graph Area..  The up and

down arrows increment the chosen element’s normal (A) strength or its skew (B) strength.  The left

and right arrows move the element sideways.  Normally, each new set of curves is displayed along

with the previous ones as the chosen element is changed.  The graph can be redrawn with the latest

curves only, and the lattice can be restored to its original values.  It is easier to do than to explain.

MENU OPTIONS

                   This section gives a summary of the operations in Xorbit that can be accessed via the menus.

Since these are most of the operations, it thus serves as a summary of the features available with

Xorbit.  There are two menu bars: one in the Main Window and one in the Plot Window.  The Clear

Menu and the Help Menu appear in both menu bars and have similar options.

File Menu

                   The File Menu contains operations for saving and restoring lattice files and files with other

orbit information, as well as the Quit button.

Options Menu

                   The plot window is initiated from this menu.  A dialog box with the tunes can be displayed,

and the lattice can be restored to its original values. Displacements and correctors can be saved,

restored, and zeroed, and new random numbers for displacements can be calculated.  A variety of

plots, including the Twiss parameters, x, x’, y, y’, and the horizontal and vertical corrector settings,

can be displayed and manipulated using Xvgr, 4  a public-domain, X-Windows plotting program.  An

XTerm window can be started, and programs such as Mathematica can be started to access Xorbit.

Orbit Menu

                   A dialog box with the orbit options can be popped up from the Orbit Menu.  The orbit can be

started and continued for a number of turns (chosen in the Orbit Options dialog box).  A new closed

orbit can be calculated.  A dialog box with orbit statistics (average, rms, and maximum values for the

orbit, the correctors, and the displacements) can be displayed.  Several (currently five) orbits can be

saved and later displayed.  It is also possible to display difference orbits with respect to any one of the

saved orbits.  Several correction schemes can be applied.

Clear Menu

                   The graph area can be cleared, updated with the current orbit, or redrawn with the current

orbit only.  On startup all new orbits are drawn without clearing the old ones.  This can be changed to

clear the graph area before the orbit is plotted.

Help Menu

                   Xorbit has a hypertext Help package, HyperHelp, 5  which is a stand-alone Motif application

developed by Bristol Technologies.  It is very similar to the help provided in Microsoft Windows.

The HyperHelp viewer is necessary to utilize this Xorbit feature, but it may be distributed with Xorbit,

along with the Xorbit help file.  The help compiler, which is necessary to make the Xorbit help file in

the first place may not.  Figure 5 shows the viewer positioned at the contents screen, one of over 30

screens of Xorbit help.  The menu items allow bringing up HyperHelp with the contents screen, the

overview screen, or screens with help on HyperHelp itself.  The user can subsequently jump to other

places by clicking with the mouse or by using the search or browse modes.  In addition, dialog boxes

which do not rely on HyperHelp can be displayed with a help summary and version information.

Plot Window Option Menu

                   The Option Menu in the Plot Window can be used to bring up a dialog box which can be used

to change what is plotted in the plot window, how each plot is scaled, and what colors are used.  The

Design Mode dialog box, described above, is initiated from this menu.  There are also Remove and

Quit buttons to remove the Plot Window and quit Xorbit, respectively.

CHANNEL ACCESS

                         Xorbit provides a Channel Access capability which emulates that used in the APS co ntrol

system.  The real (Epics 6 ) Channel Access communicates with real devices over the Ethernet.  Xorbit

Channel Access communicates with Xorbit, which simulates many aspects of the real devices, via

Unix IPC, primarily via a message queue.

                         Channel-access interfaces developed at APS to such programs as Mathematica, Devtest, 7

WingZ, 8  and Excel work in just the same way with Xorbit as they do with the real machine.  The only

necessary change is that they need to be linked with the Xorbit Channel Access routines rather than

the Epics Channel Access routines.  The Xorbit routines have the same names and arguments and, in

fact, use the same header file, cadef.h.

                    Fig. 5.  The Help Window.  You can jump to the underlined topics by clicking on them.

                         Apart from emulating the real Channel Access, these routines provide a powerful and easily

modified way to perform complex procedures, such as orbit correction, on the lattice in Xorbit.  They

also make the extensive features, such as plotting or matrix manipulation, in programs like

Mathematica available for analyzing orbit dynamics.

                         Devices are read or set via their process variable names.  The process variable names used in

Xorbit are of the form:

                                            elementname.variable

                   e lementname  is the full name of the element in Xorbit, e.g., S34AQ1.  The possible values for

variable  include most of the element and orbit parameters in Xorbit, including variables such as the

tunes and Twiss parameters.

                   To read the x displacement of S34AQ1 one would use the process variable name S34AQ1.xerr,

and to set the strength of horizontal corrector S1AH2 to, say, 0.1 mrad, one would use the process

variable name S1AH2.a.  In Mathematica, for example, this might be done by

                                            xdisp=CaGet["S34AQ1.xerr"]

and

                                            newstrength=CaSet["S1AH2.a",.0001],

respectively.  A Mathematica procedure to measure a response matrix is shown in Fig. 6.  This

procedure simulates a real-life accelerator operation.  One could, in addition, use the sophisticated

                   getcvres:=(

                           vnum=Length[vnames];

                           pnum=Length[pnames];

                           cvres=Table[0,{j,1,vnum},{i,1,pnum}];

                           vbnames=makenames[vnames,"b"];

                           vb0=CaGet[vbnames];

                           pbpmynames=makenames[pnames,"bpmy"];

                           pbpmy0=CaGet[pbpmynames];

                           For[j=1,j <= vnum,j++,

                               {vb}=CaSet[vbnames[[j]],vb0[[j]]+delc];

                               pause[pausetime];

                               pbpmy=CaGet[pbpmynames];

                               delc1=vb-vb0[[j]];

                               cvres[[j]]=(vx-vx0)/delc1,

                               CaSet[vbnames[[j]],vb0[[j]]];

                               pause[pausetime];

                           ];

                           cvres=Transpose[cvres];

                           Print["cvres[",pnum,",",vnum,"] has been measured"];

                   )

Fig. 6.  A Mathematica procedure for measuring a response matrix.  The variables, vnames  and

pnames , are  previously-defined lists of vertical corrector and position monitor names.  The matrix

is cvres .  The short procedure, makenames  (defined elsewhere), makes lists of the required

process-variable names for the vertical correctors and the position monitors from vnames  and

pnames , respectively.  The old corrector values are obtained from Channel Access, and the

correctors are then changed through Channel Access in turn by delc , getting the list of the resulting

y monitor readings from Channel Access.  Then the corrector settings are restored through Channel

Access.  The pause of 1 - 2 seconds is to wait for Xorbit to calculate the closed orbit.

      graphics and matrix routines in Mathematica to, say, invert the response matrix, plot corrector

      strengths or monitor readings, etc .  In general, one has access to all the orbit information in Xorbit

      and can read it, change it, or use it.

                          In a spreadsheet Channel Access might be done by selecting the cell or cells with the desired

      name or names and indicating the cells for the input and output values before running an appropriate

      macro.  An example of using Excel is shown in Fig. 7.  This Excel is running on a PC and is

      communicating over the Ethernet to the workstation on which Xorbit is running.

SUMMARY

                          This paper has given an overview of the capabilities and features of Xorbit.  More detailed

      information is available in a reference manual and through the on-line help.  The major features of

      Xorbit are an easy-to-use, intuitive, interactive interface and the ability to communicate with existing,

      well-known, mathematical analysis programs as well as the ability to act as a simulation for a control

      system.

Fig. 7.  Xorbit Channel Access from Excel.  The device names have been selected, and the CaGet macro

has been started by clicking on the button or by typing Ctrl-g.  There is a dialog box prompting for the

start of the output range, which has been chosen to be where the dotted box is.  After the OK button is

clicked, the current settings will be placed in the output range, and the spreadsheet, including the plot,

will be updated.

REFERENCES

*  Work supported by U.S. Department of Energy, Office of Basic Energy Sciences under Contract No.

W-31-109-ENG-38.

                   1 S. Wolfram et. al ., Mathematica  (Addison-Wesley, Redwood City, CA,1991).

                   2 Computer code  Excel  (Microsoft Corp., Redmon, WA, 1993).

                   3 H. Grote and F.C. Iselin, "The MAD Program," CERN Report No. CERN/SL/90-13(AP),

1991.

                   4 P. J. Turner, computer code Xvgr  (Oregon Graduate Institute of Science and Technology,

Beaverton, OR, 1992).

                   5 Computer code HyperHelp  (Bristol Technology, Inc., Ridgefield, CT, 1992).

                   6 J. O. Hill, "Channel Access: A Software Bus for the LAACS," in Accelerator and Large

Experimental Physics Control Systems , edited by D. P. Gurd and M. Crowley-Milling (ICALEPCS,

Vancouver, British Columbia,1989), pp. 288-291.

                   7 Y. N. Yang and J. D. Smith, "Devtest ¾  An Interpreter," Brookhaven NSLS Technical Note

No. 356A, 1990.

                   8 Computer program Wingz  (Informix Software, Inc., Lenexa, KS, 1992).