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ABSTRACT

A computer-based control system is being developed for the NAI, 200-MeV linear
accelerator. Software deveclopment is proceeding concurrently with the initial opera-
ting experience of the linac. Operator interaction includes the use of alphanumeric
parameter displays with a keyboard as well as graphical displays of diagnostic data,
On-line monitoring of accelerator parameters is provided. Operator control is
implemented by a knob used in conjunction with a parameter display. Software
organizational structure and operating framework of the system programs are
described. Features of operating programs are discussed as they have been used
during the carly stages of linac operation,

In order to describe the linac control-system software, the operating environ-
ment must be established. The computer used is a XID5 Sigma 2 with 32K of 16-bit
memory, 20 1/0O channels, 8 external priority interrupt levels, 2 real-time clocks,
and hardware integer multiply/divide. Peripheral equipment includes a console
teletype, 3-megabyte disk, magnetic-tape unit, card reader and line printer. Control-
system interface equipment includes four 50 usec 256 channel A/D differential
multiplexers, § video matrix units used for multiplexing 150 inputs to 6 outputs, and
a special "light link" interfacel for communication of data via fiber optics between
ground and the 850-kV Cockeroft-Walton high-veltage set. Control-console equip-
ment, shown in Fig. 1, includes a CCI alphanumeric display with a keyboard and
capability of displaying 24 lines of 40 characters each, 2 Tektronix 6§11 storage
displays, 2 a trackball, a special numeric keyboard, a Tektronix 4601 hardcopy unit,
a Tektronix 4501 scan converter, a set of sense switches, and a shaft encoder known
as 'the knob. " Details of the computer hardware and interface equipment are
described in another paper. 3 The operating console configuration as well as the
control-system software have evolved largely from experiences gained in the past
year from using this control system to help build the NAL linac.

The operating system provided by the manufacturer is the Real-Time Batch

Momnitor. REBM, a disk-based system, provides a foreground-background environment

*Operated by the Universities Research Aszociation, [ne, under contract with the
U. 5. Atomic Energy Commission.
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and a general re-entrant 1/0 system.  Also ineluded is a loader with overlay genera-
tion capakility, a disk file editor, and a utility subsystem. Programming may be
done in assembly language or in FORTRAN. A system generation package somehow
puts it all together.

In the RBM cnvironment, the memory is divided into several regions, shown in
Fig. 2. The first of these contains the operating system. Next is a region used for
a resident library of re-entrant subroutines shareable by any number of tasks. The
Resident Foreground area contains tasks which are always resident in core and which
are automatically loaded from disk ecach time the computer system is initialized, a
procedure which requires about 5 seconds. A major use of this area in the control
system is the Beam Interrupt Task, which is triggered 15 times a second, the opera-
ting pulse repetition rate for the linac, ‘This task uses the A/D multiplexers to read
the analog data, which is maintained in a data pool for use by any other program. It
also provides a facility to continuously monitor particular analog or digital data points
as specified by the operator., I[n addition, it "keeps an eye' on trackball motion and
the numeric keyboard. The trackball is used for moving the cursor in the alpha-
numeric display, and the numeric keyboard is used for display selection. This task
also will trigger the current applicationrdisplay program. The time required for
executing the Beam Interrupt Task is about 12 msec.

T'he Monitor Message Task writes messages for the operator on one of the
storage-display scopes as the monitor program detects analog data out of tolerance
or digital data in the wrong state. The Keyboard Interrupt Task handles application
program and alphanumeric display switching., The Motor Task uses a real-time clock
to issue pulses to stepping motors at a rate of 200 pulses per sccond. Any reasonable
number of motors may be driven simultaneously, during which time about 5% of the
computer’s time is reqguired. The relative priorities of the various interrupt tasks
are given below. The arrows indicate tasks which may be software triggered hy
.other tasks:

{Highest) Power On/OQff
Memory Parity Error/Out-of-bounds Reference
Protect Violation Task
I/0 Task
Motor Task
Beam Interrupt Task
C:‘\pplication Program
Keybeard Interrupt Task
Monitor Message Task
RIBM Contrel Task
(1.owest) Background
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The Non-Resident Foreground area may contain only one program at a time.
RBM maintainsg a queue of requests for execution in this area. The next program
in the queue is not brought into memory until the current program makes a request

to be "unloaded.

If a program is requested whose memory requirements exceed

the size of the Non-Resident Foreground area, the entire background is suspendoed

and written onto disk, allowing the loaded program to use the entire background

area as well as the NRE area. The programs which are executed in this area are
called application programs., Asscciated with each such program is an alphanumeric
display. When a new display is requested by the operator, an Application Program

is also loaded, The coperator uses the display to communicate with the program. The
program is triggered at every "'beam-interrupt’ time for parameter updating or

other on-line activity. It is also triggered by a keyboard interrupt in response to

the operator's finger, Of significant aid to the operator is the usc of the cursor
position in the display as a pointer. By this one can have the programs take a course
of action based on which line the cursor is on when the keyboard interrupt is activated,
for example., One common use is conirol of a magnet current or proke motor by
merely setting the cursor to the line on which the parameter is described and turning
the knob in the time-honered fashion, observing the changing value as well as a
graphic display of a sclected parameter plotted against the current reading of the
parameter being controlled, on-line and in real time.

The background area is used for program preparation or more routine compu-
tational programs, including beam-transport calculations and wire list generation.
The hardware-protect system prevents the background from modifying the foreground
portion of memory and from executing certain privileged instructions.

Since all analog data is read every heam pulse, the most recent data is always

T of the computer's time to read

available to any program. [t requires less than 10¢
600 channels of analog data 15 times per second.
The approach taken in programming this control system is a simple one. A
structure is provided which makes it casy to add an application program to the system.,
The applicaticn program iz usually coded in FORTRAN with the aid of about 80
library subroutines in addition to the standard FORTRAN library. Each program is
exvecuted as an interrupt task which receives four kinds of interrupt triggers. There
i5 an initialization trigger upon loading the program so that flags and counters may
be presct, Onee this has taken place, the program resides in the Non-Resident
Forcground ares of memory and may be triggered at every beam-interrupt time as

goon as the analog data has been read into the data pool. These data may be accessoed
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by the program, parameter values may be read from or writften onto the display,
graphical displays may be generated, calculations on data performed, results output
to the printer or magnetic tape, or whatever other action is desired. Also, the appli-
cation program is triggered each time the keyboard interrupt is activated. Finally,

a termination trigger is given when the operator requests the next display, allowing
for files to be updated and closed. The Keyboard Interrupt Task then saves the
current state of the display on the disk to be restored the next time that display is
requested. Hence, the entire saved display may be thought of as a data storage for
the application program. Program switching requires about 1 second.

The Display Index in Fig. 3a lists the available application programs. One of
the early programs is the Cavity Field Measurement program4(Fig. 3b). A bead is
pulled through a linac tank excited with low-level rf. The frequency perturbations
are measured and used to give a display of the normalized fields in each gap. Another
frequently used program is the Beam Emittance pr‘ogram5 (Fig. 3¢, 3d). Here, a
measurement of the emittance of the beam is made by passing a slit across the beam
backed up by a set of parallel collector strips. At each beam pulse, data from the
strips are gathered and used to compute the beam emittance and present various
graphic displays of the data (Fig. 4). A more recent application in measuring
emittance is the use of wire scanners to collect beam-profile data simultaneously at
three points along the beam path. These data are then used to calculate a beam
emittance assuming that the beam is an ellipse in phase space, All three application
programs may record their data on magnetic tape for replay at a later time,

A display useful for the the more usual on-line parameter presentations is the
Custom Display. One example is the 66-MeV display in Fig. 5a. In this display,
the operator has up to 20 lines containing an analog parameter description and value
expressed in units appropriate for that parameter. At any time he may replace the
parameter displayed on any line by merely typing the call number for the new para-
meter at the start of that line. Description and calibration information are contained
on disk for each parameter. This information is catalogued by call numbers chosen
to take advantage of the repetitive structure of the linac insofar as is practical in
order to make it easier for the operator to remember them. (The reason we try to
meake things easy for the operator is that most often he turas out to be us.} The
usual presentation consists of 13-pulse averages updated about once a second. The
operator may, by pressing sense switches, alter the presentation to give data-
channel numbers, D/A setpoint values, or monitered values or tolerances. The
most commeoen form of control is to move the cursor to the line on which is displayed

the value of the parameter to be controlled, and turn the knob. Immediately, the
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storage display is prepared with a grid for generating a plot of one or two parameters
as specified on the display (by call number} versus the reading for the parameter

being controlled. As long as the operator is adjusting the knob, a point is added to the
display 15 times a second. At the same time, of course, the parameter value is being
updated on the alphanumeric display. (In setting D/A's by use of the knob, it was found
early in our experience that the computer must always keep track of the last D/A
voltage sent out, for use as a base value in computing a new setting from a knob change.
Using the current A/D reading can cause the parameter setpoint to "'walk' as one
makes minute knob changes due to inevitable small differences in A/D and D/A cali-
brations.) This use of the knob allows one to vary parameters in a relative way.
Parameters may be set absolutely by merely typing in the desired value in place of the
updated value., (There is no conflict in doing this since the program is constantly
watching the position of the cursor and knows enough not to overwrite the opcrator's
value being typed.) Control of parameters may be either by stepping motors or by
D/A's. (D/A's in the high-voltage "dome, " which are operated via light links, appear
to the aperator no different from any other D/A.) The program knows the details
through the calibration information so that to the operator, the mode of control makes
little difference. Another simple but useful plot generated by this general parameter
display shows onc¢ or two parameters plotted as a function of time, where agzin a new
point is added to the display 15 fimes a second. One cominon use of this plot is inves-
tigating noise behavior. By setting a sense switch, the operator can cause an on-line
dispiay of four-jaw beam-scraper signals plotted as a cross, where the length of each
arm of the cross is proportional to the log of the corresponding signal., This cross is
displayed 15 times a second and is useful for tuning up quadrupoles or steering magnets
in @ becam-transport line.

Trom the previous discussion of the use of the knob, it would seem easy enough
to control several magnet supplics; however, using the knob to set 170 pulsed quadru-
pole supplies, as cxist for the 9 linac tanks, does not sound particularly appealing.
Another application program deals with this problem (Fig. 5k, 5¢). The nominal
settings for these supplies are stored on disk. The supplies for a given tank may then
simply be set at nominal or some percentage away from nominal.

Video signals are brought to the computer via a set of video matrix units. In the
contrel room are 8§ video outputs. Selection of a video signal is accomplished through
another application program where one types the video matrix signal designation
number on 1 of 6 lines on the display to connect a new video signal.

Diagnostic displays helpful in checkout of signals being sent to the computer include
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a display showing A/D voltage readings of all channels {Fig. 5d) and a display of ail
binary readings.

A linac log program produces a printout of every analog data point we care about.
When the operator desires a log, he merely presses one button. This calls up the
log program display which in about 10 scconds beging printing 13 pulse averages of
the data, including standard deviations, maximum and minimum deviations, and D/A
sctpoint values. Currently about 300 parameter values are output in a total time of
about 30 scconds. Figure 6 is part of such a log printout.

As mentioned above, application routines arc coded in FORTRAN. DBecause this
simplifies the pregramming effort by shortening writing and debugging time, it makes
it possible to respond to rapidly changing needs of those who are trying to operate the
linac. While it is true that machine language code is usually much more efficient in
space, thig efficioncy advantage is not so significant when most of a given program
consists of machine language library routines anyway.

in the carly planning stages for the linace control sysiem, it was clear that the
logical starting point was a "points list” itemizing the paramecters to be brought to
the computer and the parameters to be contreolled.  The linac staff met several times
and gencrated such a list, which has largely been followed as the linac is being built,
It was decided also that it should be possible te run the linac without the computer in
case of computer malfunction. [t is probably still possible to do so since the computer
does nothing vital to lnac operation. The only place where infermation from the
entire linac is available, however, is at the computer control console, Since the
local conscles are scatterced througheut the length of the linac, operation without the
computer would probably require either a lot of people or a lot of luck,
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KEYBOARD INTERRUPT
TASK

MOTOR TASK

MONITORING
MESSAGE TASK

7FFF
BACKG ROUND
10 K
5800
NON-RESIDENT
F ORE GROUND
9 K
3400
RESIDENT
FOREGROUND
1800

0000

PUBLIC LIBRARY S K

RBM
MONITOR 5 5K

BEAM INTERRUPT TASK

MONITORING PROGRAM

ANALOG DATA POOL

Fig. 2. Memory program allocation.
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4 CAVITY FIELDS
S CUSTOM SURITE RUM HN= S50 ®READ N= 546
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 fETRACT PROBES............ STEP SJZE..vevveresesocens .06  CH
INTERPOLATION ON LASL....,. :REZ ?SEE §E§EET95?.??T?:: 30 50 MRCH
WRITE ON MAG TAPE......... * BEAM GROMTH: PROBE A...... 3
% PROBE B...... S
*3CATTER PLOT DOTS F.S.= 200
*DRIFT WIRE=0 T Za- . -
*PERD RUN= *REW *READ RUN= 3Ea Egiﬁu“ 2 2400 cr -9
#LFE WLRF WLIST  SFF 1 »RE MSRF  MLIST  MSFF 8
*HUFITE PUN *EOF *URITE PUN mEQF 1
02,228,700 0009
ic) (d)
Figure 3. (a} List of display programs available to the operator. (b) Display used

for cavity field perturbation studies. (c) Display used for collecting
beam emittance data with destructive probe, (d) Display used for
gencrating graphical displays of beam-emittance data.
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I BEaM zg,78'-20 mm
AREA= 13.63
% BEAM 85.61
FUHM= .48

CG= -.,031

THRESH .03

" RUN 45 Ps-
08 22<70. 9218

Fig. 4. Example of phase space plot of beam-emittance data.
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TANK 1 QUADRUPOLE MAGNETS
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()

Example of a custom dispiay used during 86-MeV beam studies.
Display usecd for setting quadrupele supplies in the first linac tank.
Display used for sctting quadrupele supplics in the later tanks.
Display used for reading raw analog-to-digital voltages.
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Part of linac log printout.
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DISCUSSION

. Young (NAL): T would just like to make one comment. When we were first thinking

about this system, we were concerned about where we would find all the programmers
to do all the programming. We have found that this is only a cne-man job with our
system, and [ think some people might be misled in their thinking about computers
when they consider how much programming effort might be involved,

T. M. Putnam (I.ASI.): FHow big is the program you got from XDS, the basic-systems

program?

R. W. Goodwin (NAL!: The operating systermn Real Time Batch Monitor takes about

5-1/2 K in our system.

. P. Featherstone (Central Lngineering!: HHave yvou enough accumulated experience

now so that you have a feeling as to the reliability of the system? How many hours
in the month or vear do you feel like going home?

R. W. Goodwin: The computer is usually working. We probably have more time

spent in trying to get the interface equipment operating to the expectations that we

would like: the computer itself is probably pretty good.
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