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COMPUTER CONTRCL OF THE INDIANA CYCLOTRCN

S. A. Lewis, Indiana University, Bloomington, Indiana

Summary

The Indiana Cyclotron control system consists of
several hundred cyclotron devices and two operator
stations linked to a small digital computer via a bi-
directional, multiplexed digital bus. All communication
between coperators and the cyclotron is by means of 64
displays. Provisiorn is made for veadout, control, data
logging and retrieval, alarm warning, and initiation
and termination of automatic control programs.

Special features of the system are the modular
and dynamic master table which uniformyy describes
the cyclotren devices to all the programs which drive
them, and the dynamically reconfigurable cyclotron
control displays.

Hardware

The basic computer configuration and digital bus
system have been described slsewherel in detail. The
computer is a Sigma 2 with 20K of memory, a fast disc,
magnetic tape and teletype. The digital bus will ac-
comcdate up to 102k 16-bit input gates, 1024 16-bit
output latches, and 16 16-bit interrupt registers; the
bus and assoclated multiplexing and logic is expanded
as needed. It is divided into 8 basic decentralized
modules. Moot analeg hardware is located in close
proximity to one of the 8 digital stations.

Conscle Stations

Each console station includes 3 960-character CRT
display with refresh and local memovry; a two axis track-
Hall used fer cursor control on the CRT; a 2 x 8 pugh-
butTon matrix for display selection; dual knob/lever/
meter combinations for attaching to devices of interest;
and several interrupt buttons. A full kevboard is pre-

sent, but is not used in normal cyclotron operations;
rather it is used only when reconfiguring the displays
themselves or the master tables.

Mazin control console. Point-plotting scope
, operator stations #1 and #2 in center,
closed -circult TV at right. Auxiliary equipment and
xar sub-unit #1 in hackground.
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Fig 2: Close-up of operator station input hardware.
Meters and two interrupts are above; trackball/GO

button at lower left; push-button matrix, digi-switches,
two shaft encoders and two levers at lower right.

Interface

A major concept, which has allowed the signifi-
cant software generalization described below, is the
standardization of interfacing hardware to include
families of integrating A/D converters; families of
latching D/A converters; two-speed, bidirectional, pre-
set-count stepping motor controllers; and a versatile
on/off control circuit with status readback.

Software

Operating System

Also described in a previous ;aperl, the operat-
ing system is a disc-based, priority multi-programming,
interrupt-driven system residing in about 8K of
It provides basic computer peripheral handlasrs
cepts all irnverrupts, and Jdynam
programs into the remainirg 14X of memory
of 255 disc-resident programs. The major empha
its design is cn efficleney of memory usags
cessing and CPU time, In that order.

Up to &% programs are

ratrix on the console static
tor a very simple dire
station among many differernt tas
irto families which are

All push-button programs ars interlocked againct
interfersence on any single station; display switching
Time varies from 0.1 sec to 3 s=2es, depending on ho
long the individual display programs reduire to cave
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and restore themselves. as internal "on/off" entities. The entire sub-
structure of automatic control is thus presented

Cyclotron Control Programs. Torty specialized to the operator through the familiar open-loop dis-
crograms are structura.ly identical and re-entrantly plays, making the transition between the two very
coded. All open-loop cyclotron control is performed natural.
using one of these displays at any operator station.
The displays must de originally configured with the CROUP: IPR NO: s

desirad mix of devices up to a maximum of 18 and oc-
cassionally re-configured as reeded, by the operators

R-0 HPX CONSTNT X CH BT STS mMPx
CT F20F 0.00
AD Foo0 50.27 3 &6 11

The knobs, levers,ard meters are used only by
these displays. In conjunction with the numeric and
alphabetic capability of the CRT, *hey provide, on a
responsive basis (0.1 sec), readout of device set-
point, control of device status; adjustment of knch
"speed" and meter scaling; seTting and remcval of
warning limits; and the addition and removal of the
basic device reference by which the foregoing takes
place.
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Fig. 4: Close-up of Athanuneric CRT. Shown is de-
vice table d y I injector probe bl
cluding A/D, Counter and INternal types.
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Certzin modifications of the Zevice tables are
allowed while the devices are being used. It is
rossible, for example, to adjust the scaling con-
stants on an analog reedout and view their effect
simultaneocusly on ancther displ
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RERD SET

64 RUN SET: ¢ Marhematical Model = eset. A saries of
displays is devoted to a " mathematical model of t!
cyclotron. For a given charge, mass and energy, all
other operating pavameters are calculated and dis-
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Fig. 3:Close-up of Alpnhanumeric CRT, hownig typical played. A}ternatlvely, a.partlcu¢ar CyClOFF?n para-
cyclotron control display oo ‘iulrpd for part oF inter— meter, such as magnetic field, may be specified, in
‘ : beam line. winich case the algorithm is reversed to Zind the

energy, whence the normal algorithms are carried for-
ward. A feature that is planned for early imple-
mentation is the ability to actually allow the ccm-

Logging Programs. Six programa defina puter tc set the physical davices to *the desired
ng feormats, schedule logging, read back, graph values, i.e., true cyclotron preset.
ve on tape previously legged data, and perform
generate rew data. Miscellareous. BSeveral other useful disnlays fill
out the reportoir

ms read ~-list of

: by which read- ~-3ystem
“qvoompll red b/ ~-basic
--alarm warning «and scummary

device

In order to maintain a working
times, and yet react quickly to the hignly
demands of a multi-stage facility where one
may be operational and ancthsr not yet plamn
to the interface or even evel, and al
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special non-resident services are provided in which

an active control program con*tains within it the
access subroutines to the tables it shares with the
user programs. It can watch over the users and clean
up in case of software or hardware mishap. Thus the
service and its tables are not resident in memory if
no one is using them, nor does the system become
burdened with details particular to the uses to which
it is put; sirce the access subroutines come along
with the tables, the entire scheme can be revised
without reloading 811 the using programs. The service
can be either active or passive, i.e., be locaded upon
first user request, or load a user after responding to
an external interrupt, or both.

At present there are five such non-resident
services:

--point-plotting scope buffer display

--calcomp plotter spooler

-—external computer link handler

--display sequencer

--master device table loader

Display Sequencer. This program responds to an
interrupt from the pushbutton matrix on any statiom.
It ensures that only one display is actively using

thhea atadtian bawmAdvra
the statlon haraware at a

time, and that an orderly
transition takes place when the push-button settings
are changed. It notifies the operator if a duplicate
selection has been made, or 1f a display program is
disabled. It will automatically fill a deferred re-
quest when the criginal one of a duplicate request has
been cancelled. It makes immediately available a
station which has been unintentionally vacated by

a program abort. If the number of operator stations
should be increased, all programming changes would
take place in the sequencer itself; none of the 64

display programs would change.

Device Table Loader. The device tables are di-
vided intc 31 blocks, each capable of handling 32
devices. Each block contains the coding necessary
for any special interpretation of the tables so
that almost any ccncept of "device"
However, the loader program already contains re-
interpretation, so
no additional programming is required if only standard
hardware (see "Hardware', above) is implemented.

Only olocks needed by active programs are resident.
It is the function of the block loader to field leoad,
unlcad, and entry requests from those programs.

1l interlock is maintained on conflicting requests
for ce*point control of a device. Altered blocks

codine fFor standard
codling for standard

At sy
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entTrant tnac

gmooth recovery from any syotem :rush) and when un-
lcaded.

The seguencer also detects loss abort of a user
gram and is able to free up memory that might other-~
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i accumulazte.
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Robustness

Thisz term is used to describe the ability of the
overall system to racover from occasional software and

s Arr s ek T ama s o
Saraware proviems. It is a

function of the active con-
trollers which detect abnormal situations and clean up
and return resources te the system. It is also due to
The general simplicity of the system and to the close
coordination of the software/hardware interface. It

iz partly attributable to the Interrupt-driven concept
which allows the basic ;yatrm to be almost totally
unawars of the overall timing schenm it can respond

to A frw t could

C,
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be more than 300 cyclotron devices, and 10 devices
per operator station.)

Man-Machine Interaction

One of the important contributions to overall

satisfaction with the IUCF control system is the gen-
eral robustness of the system. Another is the short
response time to needed changes that the general
modular technique allows {in spite of the fact that
all actual coding is done with a simple, non-macro
assembler). But most important feature is the over-
all consistency and straightforward design of the
display programs themselves.

Display Features

Action Labels. Each spla has a
single line devoted to one or mcre "verbs". An action
by the program is initiated by slewing the cursor
underneath the desired 1abel (using the trackball)
and pughing the GO button. The trackball and GO
button are used exclusively and identically ip all
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displays. Typical verbs might be "ADD", "DROP",
"PLOT", "READ", etc.

Options. Certain optional characteristics
may apply to an action label. The options may be
previewed prior to initiating the action by using the
trackball GO sequence to rotate all possibilities in-

to view. A typical series might be "LOG,LINEAR". In
other cases the original action request is deferred
and a second line of sub-actions is printed. When one
of these is now selected the action proceeds to com-
pletion. A typical sequence following "DROP" might

be "DEVICE, WARNING, HI~LIM, LO-LIM".

Input. Certain displays are so versatile that
only full keyboard input is flexible enough to serve.
In such a case a standard prompt character and "input
space" is provided. Defaults are automatically filled
in i1f the space is left intentionally blank, but
perhaps more significantly, the last supplied input
is always returned in the input space whenever the

This geryves as a
Ai11S gerves 4dg a

+ime gaver

is hrouocht un
- Time saver

is brought up.
for experienced operators and & a training aid for
inexperienced ones. Even the cursor is reset to its
last known position for each particular display. When
combined with the vapid ability to switch between
displays, the eZfective display space is expanded
enocrmously.

A3 anlay
Gilsp+ay

_______________ nle. A sim-
ulator is set up on a few fining some
internal "devices". The trainee may then display,

Operator training is

control, log, graph, plot,and ekercise the alarm system
at will. Reference documentation is also available.
Conclusions
A flexible, modular control system has been
implemented on a molest hardware base. Although the
el gdiemal A aandE rmes mawmt U o MAacTANGA +-n a 1aclk ~FfF
Origlindal CONCEePT Was paritiy a response 2 Lacxk of

detailed foreknowledge, it has proved advantageous
even as the cyclotron matures and the control system
with it.
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