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INTRODUCTION

Model driven procedures have been used for control of
the linac, beam transport lines and storage rings at SLAC!?.
These procedures, based upon computer models of the machine
laitice, are used for on-line caiculation of the strengths of beam
line eomponents which yield desired Inttice parameter values.
They are also used for routine operation of the meachine and
for diagnosing and correcting errors of vatious types, as well
as for aiding physicists in the acquisition and presentation of
data. Successful operational expetiente in the use of such pro-
ceduses at the PEPY and SPEAR* storage rings has led to the
decision that this method of operation will be used for control
of all of the SLC subsystems: two-mile Linae, Ares, Final Fo-
cus Region, Positron Return Line and the Damping Rings ard
their associated injection/extraction beam transport lines.

Many procedures have been developed and used success-
fully for the commissioning and routine operation of the elec-
tron Damping Ring®. Some of these procedures have been used
for controlling the injection transport system from Linac to
Ring (LTR) and for the extraction transport system from Ring
to Linae {RTL). The purpose of this paper is to deseribe the de-
velopment of the on-line model driven conirol procedures and
their implementation in the SLC computer control system®.

ON-LINE ENVIRONMENT

The hardware in each SLC subsystem is monitored and
controlled by CAMAC modules which are connected to a local
microprocessor cluster. Each inicroprocessor cluster is in turn
linked t¢ a DEC VAX 11/780 which serves as central proces-
sor for the system. Each microprocessor cluster has pointers
1o a portion of the Control System Detabase which contains
information about devices within that sabsystem. In general,
a microprocessor cluster receives an operational configuration
for its Bubsystem's equipment from the VAX; it then attempts
to set the equipment and reports its success or failure back to
the VAX.

The SLC [&C group provides control system setvice rou-
tines for hardware monitoring, display and control, database
access and date acquisition, as well as touch panel and graphics
display drivers and an on-line HELP facility, as compiled and
linked sharable images written in FORTRAN 77; the modelers
(and others) then write Application Driver programs, also in
FORTRAN 77, which are linked to tbese sharahle i to
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LOGICAL STRUCTURE OF MCDEL DRIVEN CONTROL

The two tasks facing the crehtors of model driven control
sofiwate ate off-line development and on-line implementation,
We have consolidated the off-line modeling effort into three
programs: Configuration Update, Orbit Study and Chromatic-
ity Correction. These programs werce designed as atand alone
codes which could be conveniently integrated into the control
system. In arder to facilitate this integration, an Applica-
tion Driver program is used to interface the Control System
Databasc and the touch pancl, display and data acquisition
software of the SCP to the mode! driven control programs.

A crucial step towards a truly automated control system is
a common database of information that can be used by control
procedures Inr on-line correction of errors. In the case of model
driven control procedures we will distinguish between the ex-
isting Control System Database containing information about
the state of a subsystem's hardware and a Model Database
containing infotination pertaining to the mathematical model
of that subsystem.

The generation of the Model Database, which contains the
Twiss parameter values ai each beam line element and is used
by all of the model driven control programs, is controlled b * the
Configuration Update program which performs the communi-
cation between the SCP and the modeling program {COM-
FORT]) through the use of a special portion of system memory
called a Global COMMON Block. The relationships between
the Application Driver, the Model and the SLC Control System
arc illustrated in Fig. L.

MODEL

Global Commnn Blo.ul

APPLICATION DRlVER

'—| Configurotion Upgrode i_.,.‘
i

form executable images called SCP’s (SLC Control Programs).
Several different SCP's, each containing a common core of
control system service routines and one or mure Application
Drivers, may be run simultanecusly on the VAX and used to
control SLC subsystems; & stheduling algorithm for SCP sub-
routines which prevents SCP's from conflicting with one an-
other is one of the services provided by the SLC [&C group.

* Work supported by the Department of Energy, contract
DE-AC03-76SF00515.
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Fig. 1. Functional diagram of the model driven
control system.
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The Model :

. The program COMFORT? is used to genetate the model
of the Damping Ring and its transpost lines, In order to keep
SCP's at & manageable size and to speed system response time,
COMFORT and the SCP's are separate VAX processes, one
created by -the-other. whenitver necessary, A lock of system

- memdry called a Global COMMON Block is permanently allo—
o -tated to handle'the inter-prot

communication. P s
of any device which are not static and which effect the fizst
order optical properties of these subsystems (such as the feld
strengths of magnets) are communicated to the COMFORT
process in this fashion.

In sddition to receiving data on the transient propetties of
devices in & subsystem through the Glabal COMMON Block,
the COMFORT process teads information aboul the siatic
properties of subsystem devices from a disk file known as &
Skeleton Input Deck which is generated off-line by the model-
ers. Included In this skeleton deck is the specification of points
defined by the modelers in each subsystem's lattice where beam
parameters may be fit.

Upon request, the Configoration Update program will load
the Global COMMON Block with the present values of & sub-
system's devices, call the COMFORT process, check for run—
time errors when COMFORT exits and receive the computed
results of the yun; ¥ fitting waa involved, it will check the com-
puted values of those device parameters which were designated
as varisbles for validity and then present the results of the fit-
ting o the user on the display. When a COMFORT sun is
suceessfully completed, u special COMFORT subroutine gen-
erates o series of disk files containing the frat order aptical
propertiea of the subsystem. This group of disk files is called
the “Model Database” and is used by the other Application
Driver programs as described below,

The Model Database for an SLC subaystern consists of two
{in the case of the linac and transport lines) of three (in the
case of storage rings) files generated by COMFORT at the
completion of a successful run as outlined above. These files
are described briefly below.
1) TWSS file: contains type codes, names, positions along
the beam line and characteristics of the sybsystem’s devices;
also includes the so—called T viss parameters of the subsys-
tem (phase udvances, beta, alphe and eta values along the
beam line).
2) MATR file: contains orbit/trajectory “sensitivity® matrix
elements relating displacements of the beam at Beam Position
Monitors {BPM's) t angular deflections of the beam at dipole
correcting elements.

3) PARM file {for storage rings only): contains beam, machine
and RP-related parameters for the subsystem (damping times,
equilibrium emittances, bunch length and energy spread, syn-
chrotron frequency, ete).

The Application Driver

The Application Driver containg programs which provide
the interface between the user, the SLC contro! system, the
Control System Database and the Model Database through the
use of the system tools provided by the SLC I1&C group and
described earlier. After the Model Database for an accelerator
subsystem is genernted or updated, the programs contained in
the Application Driver can use it for control of that subsystem.
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In each specific model diiven task (such as Orbit Study
or Chromaticity Correction), the Application Driver will allow
the user to make measurements, determine the scope of de-
sired corrections, find an optimal correction, dlsplay the out-
come and finally to implement the correction by changing the
appropriste parameters in the Control Sysiem Databake. In
the next section we will illustrate some of the Interactions
between these Application programs and the Control System
Database, Model Database, the COMFORT pracess, and the
contra) system 170,

THE MODEL DRIVEN PROCEDURES

Configuration Update

The Configuration Update psocedure provides three t2 b
panels for users: the first, the “driver” pancl itself, ia coa-
mon to all subzystems; the remaining two panels ase specific to
each subgystem 1o be modeled and are callod “set up™ pane:
The procedure used for updating & Damping Ring configurc
tion is described below to illustrate the funetions provided by
each of these touch panels,

The initial atep in updating the first order optical config-
uration of the Damping Ring is 10 check on the status and
present values of the devites which will be varied in a model-
ing run to achieve desired beam paramelers; this is done from
one of the set up panels.

The next step is the specification of desired beam fitting
parameters. Another set up panel [s provided for this pur-
pose. Provision has been made in the Numping Ring skeleton
input deck for fitting beam par at the beginning and
end of a superperiod and at the beginning and mid~point of a
standard eell.

Finally, COMFORT is called from the driver par." to per-
form the calculation of vartable values and the generation of
the Mode! Database as described above in section 3.2. Upon
completion, the results of the run are presented io tite user
on ihe display. If the caleulated solution values are accept-
able, the user allows the variable elements to be ramped from
their present values to the newly computed values in a specihed
number of steps. The user may also view the contents of the
Mode] Database via two displays: ane will display the contents
of the TV'SS file as a plot of the lattice functions around the
Ring, including & schematic of the magnetic elements as shown
in Fig. 2; the other will show the contents of the PARM fil« on
the display in tabular form.

Orbit Study

This on-line study uses the Model to calculate the sptimal
change in torrector strengths and to predict a corrected orbit.

Two poesible methods for orbit correction are the Least
Squares Method and the Hasmonic Method. The Least Squares
Method uses a correction matrix calcvlated by COMFORT
(see MATR in 3.3). This matyix, representing the relationship
between the orbit deviation at a monitor and a corrector’s kick,
is used for least equares optimization of the arbit deviations.
The Harmonic Method expresses the orbit and {ts correction
as Fourier expansions in terms of the Twiss functions.? The
user ¢an interactively salect a subset of harmanics to be com-
pensated,

Different displays can be activated {rom the touch panel,
which allow the user to examine the data before imploment.
ing the solution of 1o study the predicted results {Fig. 3).
The resuit of the calculations can be applied via a touch pane!
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Fig. 2. Damping ring Twiss parameter display.
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Fig. 8. Maasured and predicted orbits display for the

damping ring.
command whick changes the corrector atrengths in the Contro!
Syatem Database. The user also can check the acturacy of the
prediction by displaying both old and new monitor teadings
after the computed corrections have been implemented.
Chromaticity Cotrection

This correction procedure uses the Model to calculate
changss in mextupole strengths and to predict corrected
chromaticities.

ARer enteting the data for variations of tune with RF-
frequency, the user can obtain a disylay of the tune va. the en-
ergy devistion and the chromaticity values using a least squares
parabolic t. The user can then enter desired chromaticity val-
ues and calkculate the new rextopole sirengths required. The re-
sults of the calculation can be applied by a towch panel com-
mand which change the valuss for sextupoles’ field strengths in
the Control System Database. After remeasuring the variation
of tune with the RF-frequenicy, » display showing both new
and old data can be used 10 check the predicted changes.

Another useful feature for machine physics study is u dis-
play of the tune diagram showing the resonance lines. The
user can enter the order of the sum/differance resonance lines
to be shown as well as the range of tune values to be included
in the display.

SUMMARY

From our experience we have found the structure of the
modeling programs for the Damping Ring ecan easily be ex-
tended to other SLC systems. We have demansirated this pos-
sibility in extending it o the LTR model control programs by
substituting the orbit correction procedure with a trajectory
correction procedure.

At present, a general trajectory/orbit analysis and corree-
tion program, GIANT.® is being developed for this purpose
while this structure of mode] driven control la being general-
iz=d for nny SLOC sysiem.
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