© 1967 |EEE. Personal use of this material is permitted. However, permission to reprint/republish this material
for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers
or lists, or to reuse any copyrighted component of this work in other works must be obtained from the |EEE.

1066 IEEE TRANSACTIONS ON NUCLEAR SCIENCE, JUNE 1967

TEE SLAC BEAM SWITCHYARD CONTROL COMPUTER*

S. K. Howry, R. Scholl, E. J. Seppi,
M. Hu, D. Neet
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Summary

A computer system has been developed at SLAC
in the beam switchyard for on-line beam transport
control. The system consists of an SDS '925"
computer and various specially designed interface
devices. The system scans and records changes in
interlocks and status signals; sets up, monitors,
and maintairs magnet currents and controls coll-
imator and slit apertures. In addition to stand-
ard card and teletype input-output, the system
has special panels for operator control of magnet
currents and slit and collimator settings. A
link to ancther computer provides for remote in-
formation access and control for experimenters.
An important feature of the system is the opera-
tor oriented language which is provided for oper-
ator/computer interaction. The language is ar-
ranged so that an inadvertent action of the oper-
ator cannot acversely affect the computer program.
A single computer instruction can vary a group of
magnets simultaneously to change the beam energy
while maintaining a given beam focussing condi-
tion. A fine-tune control has been provided so
that the current in an arbitrary group can be
controlled by a single switch. The operator can
write instructions in the language which are syn-
chronized in time to 1/360 of a second, and/or
repeated at prescribed time intervals.

* Work supported by the U. S. Atomic
Energy Commission
+ Now at CERN, Geneva, Switzerland

Introduction

The advent of multilevel interrupts has made
the small computer a suitable device for on-line
analysis and control of physical data and such
systems have been developed in the past. How-
ever until recently little attention has been
given to the man-machine interface, that part of
the system referred tc as the command post. This
paper describes a system in the beam switchyard
at SLAC where this area has been more fully ex-
plored. The system 1s centered around a compact,
expandable user language, easily grasped by the
operators at the control room, which still pro-
vides a high degree of interaction with the en-
vironment. All input-output including signals
to and responses from the environment are com-
pletely multiprocessed, so that the computer is
never waiting for a device.

The SLAC beam switchyard is descrited in
Getail elsewhere in these proceedings.’ The
principle function of the computer system is to
monitor and control the magnet and slits in this

area, and to provide certain contrecl capability
to the experimenter on a more flexible basis than
can be made over a telephone or conventional
wired controls. Other functions include data log-
ging and status monitoring. The first section of
the paper describes the system components. ILater
sections describe the language and how the opera-
tor uses it to effect the various functions.

System Description

The overall system is shown in Figure 1.
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Fig. 1 - Beam Switchyard computer system.

The system includes several pieces of hardware
specifically designed for the beam switchyard tc
control magnets, slits and collimators and to
provide man-machine communications. The elect-
ronic details are described elsewhere in these
proceedings® and will only be touched upon here.

The computer is an SDS 925, a 2k bit machine
with 2 1.74 usec memory cycle time, and 4K memory
There is a typewriter (teletype Model 35), card
reader and punch, all on a single channel, and 16
levels of priority interrup=.

Magnet control is accomplished by providing
the magnet power supply with a reference voltage,
adjustable by the computer. Most magnets are
controlled by D/A comverters (ra-e 1 per 5 msec).
For the momentum defiring magnets precision con-
siderations require a special system, wherein
the computer produces a number which is counted
down by a stepping motor, each step creating a
fixed current change.

Current is read back by cne of two systems,
one reading DC signals to 0.005% and one reading
the pulsed magnet signals to 0.1%. At present
there are 25 channels on the DC multiplexer and
16 on the pulsed system. Approximate rates are
5 channels/sec for the DC and 360 channels/sec
for the pulsed readout. Again the momerntur de-
fining magnets are treated as a special case; the
loop is closed around these magnets through the
use of a long coil integrator. This input works
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as follows: The computer can command a long coil,
mounted in a reference magnet, to make a single
180° "£lip". The coil is longer than the effect-
ive length cf the magret, and its output is inte-
grated tc high accuracy by a voltage-to-frequency
converter (0.01%). The result, which the com~
puter car read into its memory is the integral of
the field in the magnet along the lengtn of the
magnet and is used to calculate the momentum set-
ting of the transport system (see the section on
Momentum Definition below).

To allow small changes in magnet currents to
be made by the operator with the computer, two
"magnet selector boxes" have been provided. The
lever on the magnet selectcr box allows the oper-
asor to make & fine adjustment on magnet settings
much as he would with a potentiometer. This box
is shown in Figure 2., Using the typewriter, he

) ) o (2] () e () )
() ) ) o) ) o) ) ) ) () o)

INCREASE 12 °
0, 3
f NEUTRAL Yo N RELEASE
DECREASE \
RATE

Flg. 2 - Front panel of magnet selector box.

can specify the sensitivity of the lever (TUNE
ATL BY .01; gives one percent of value sensitiv-
iy, see Table 1 below). Then by pushing the
desired magnet buttons and the lever, he can
change the magnets independently or in concert.
The RATE dial prcvides single step mode or 3
nominal rates of change.

The link with the experimertal area A com-
puter (SDS $300) consists of two 24 bit buffers
{one for each direcsion) along with two interrupt
signals to each computer indicating change of
ssate of the registers (full to empty or vice
versa). The maxinum transfer rates between the
two systems is avout 107 words/sec, limited by
programming considerations. The experimental area
A corputer system is described in reference”.

The status monitor interface nacks status
signals (1 for fauls condition, O otherwise) into
53 sixtesn bit words. These are read into the
computer 350 times/sec and checked for change of
state. Any such change is logged (with the time)
on the Model 104C Monroe Printer {a 20 line/sec,
digits orly 12 char/line device). The informsation
is particularly useful in the diagnosis of inter-
mittent malfurctions detected by the interlock
system, which can cause a stajus signal to trip
off for only a fraciion of a second. This inde-
pendent activity is multiprocessed with the other
functions, and takes about 507 of the computer
time.
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User Language

The instructions available to the user are
in Table 1. Their full description and program-
ming details are in the references *’ 5. Ian-
guage input may come from the typewriter, cards,
or over the link from experimental area A. The
appropriate 'TO' clause sends output to the type-
writer, card punch, or over the link to experi-
nmental area A. The typewriter/cerd channel and
the link may be operating simultaneously.

The entities considered in this discussion
of the language are: characters, words, clauses,
instructions, and blocks. Universal delimiting
characters are blanks and carriage returns.

These two are functionally equivalent and may be
used interchangeably to format the input copy.
Words are then strings which contain no delim-
iters. A clause is a group of consecutive words,
one of which identifies the clause.

Thus
L1 : BET BL = 7.02

consists of the clauses

Tke order of the clauses is irrelevant but with-
in a clause positior is important. Instructicns
consist of certain combinations of clauses. The
above three clauses make up a legal instruction
where the SET and = clauses are necessary but
the other one is optional. However, the final
nature of the instructior is not decided until
tae terminating semicolor word. On receiving
this the computer searches backwards (i.e.,

from right to left) for a meaningful instruc-
tion. If there is none, the indication

ERR

is typed and the accumulated words are cleared
out. If there are several, the computer takes
the last one. For example, a bad typist might
crease

STIP STEP QlC BY .01 STEP @ll
and the computer picks out

STEP 11 BY .01 ;

In this way the user can always reverse himself
in a natural way without special 'word delete'
and ‘line delete' characters. When educating
users, the exact level of permissiveness of the
language need not be spelled out as they dis-
cover this as they become more experienced.

The optional label clause allows one to give
en instruction a name, princivally so that ‘t can
be de-activated later if desired by a KILL instr-
uction. There is at present no provision for
'cliche' definitions, i.e. typing a label to a
block of instructions. However the same effect
may be achieved by using card decks for memory as
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Table 1

Summary of Instructions

Repeatable Instructions - clauses may be added

STEP «<elt> BY <no.> ;

CARDS

QUIPUT <elt> ;

RECORD <elt> ;

RECORD <elt> ;

SEND <string> ;

TIME ;

CLOCK

DATE <string> ;

TOLSCAN <elt> ERROR <no.> ;

Optional Clauses

EVERY <time>

AT <time> - time clauses

UNTIL <time>

TO <destination> - destination clause
<label> : - label clause

'Once only' instructions - clauses are ignored

KILL <label> ;

SET <elt> = <noc.>
TUNE <elt> BY <no.> ;
TUNE ALL BY <no.> ;
SCALE <elt> BY <no.> ;

<time> format examples

(3HR) refers to
(3:00MIN) 3 o:clock,
{3:00:008EC) or 3 hours
(9:00:00:000PUL)
(T+5MIN)

(T+5: 00SEC)

<destination> list

refers to current time
plus 5 minutes

2 - Typewriter output
3 - Card output
L - Link output

anything else - typewriter output
no destination clause - typewriter output
<string> definition - any seguence of charac-

ters, not spaces or carriage returns, the first
of which is a letter or the character '*'

<label> definition - any string

<no.> definition - any sequence of digits with one
decimal point somewhere in it. The sequence may

be preceded by a minus sign '-'

<elt> list

PM1A Q10 Q@21 ABEN  COV clov
PMPA Q11 ADUM EF C1H T10F
PM3A @12 B1 S1L10 CI1HR T10V
P4 A Q13 B29 S1I0R C1V SL30
PMHA Q1h Qho0 5111  C1VR S30R
PMV Q20 ko1 COH C10H SL31
BOX1

the example below shows. The following instruc-
tions, on cards, are placed in the reader.

10 : EVERY (SMIN) CARDS ;
(Block 1)
v
(Block 2)
Y

(Block W)
\
KILL IO : V

The user types 'CARDS'; this shifts control
from the typewriter to the card reader and the
instruction LO plus those in block 1 are loaded
and interpreted. The 'V' refurns control to the
typewriter. At the end of 5 minutes LO is again
executed and control passes to the reader for
block 2. This continues until the last block,
along with the 'KILL IO ; ' is read in. This
last instruction terminates <he activity.

Notice from Table 1 that there is a good
deal of emphasis on time. Internal computer time
is incremented once each beam pulse (2.8 msec),
and this is correlated with time of day. When
using the EVERY, AT or UNIIL clauses, the user
can gynchronize events to a resolution of 1/360
sec over a 6 hour interval. Internally the clock
is uged to create various real-time delays, so
tnat the external devices may respornd. Suppose
at time that a delay At is required before a num-
ber is available for some calculation. The re-
mainder of this calculation is placed in a wait-
ing gueue, along with the time t+At, and the com-
puter goes to other work. When internal time is
equal to t+At the number is available and the
calculation is cortinued.

Applications

Computer Magnet Set-Up Procedure

The computer system enables the operator to
quickly change switchyard magnet focussing ani/
or energy acceptance. The former is controlled
by a single energy independent number for each
quadrupole. These are included in a ‘veam focug-
sing deck' as shown below.

SEND 'PARATIEL.TO.POINT.FOCUSSING.AT.TARGET' TO 2;
SCALE Q10 BY .0104 KG/CEV ;

SCALE @21 BY .00781 KG/GEV ;

The physicist may either use cne of The commonly
used decks availatle on file, or he may create
his own from the results of his beam ortiecs stu-
dies. The focussing deck is read ir and magnets
activated by pushing buttons on the magnet selec-
tor box. Then <tThe defining energy is given by
the instruction

SET BOX1 = 7.450 GEV ;

All magnet currents are adjusted, closed loop, so
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that the specified focussing occurs for this
energy. Until a new focussing deck is loaded,
SET instructions change crly the erergy defin-
ition; quad currents are adjusted to maintain
the focussing conditions.

Closed loop control was found to be neces~
sary because of long %term drifts in the guantity

current delivered by the power supply

f= T/A reference voltage to the power supply

Although this ratio is never & function of current
(i.e. the power supply responds linearly), it was
found that component drifts changed its value
from wesk to week. Cortinuing maintenance work
on and around the power supplies also contributed
to this prcblem. Closed loop control is effectved
by first reading into the computer a number pro-
portional to megnet current. The pole tip field
(in XG@) is computed using a polynomial obzained
from ragnetic measurements on the magnet. This
is compared with the desired pole tip field as
compu’ed from the SCALE number and defining
energy. If certain smoothness and loop response
requirements are satisfied, the difference &

is converted to D/A units and dispatched. The
loor activity is then placed in a waiting queue
for a time proportional to &, while the magnet
responds. This continues until convergence or
until too many iterations occur. There is one
such loop for each magnst in the system and all
operate independently and simultanecusly.

Momentur Defining Loorp

Tae strength of the magnetic field in the
large bendirg magnets leading to experimental
arse A determines the momertum of those electrons
waich pass through a narrow slit, and continue to
E2A. (See Figure 3). Some experiments call for
a very accurate estimate of this mcmentum. Others
require that a given momentum achieved on one day
be accurately reproduced later. Tke cperators
nas at his disposal a current control, but because
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Fig. 3 - Schematic of switchyard momentum
definition system.

of hysteresis effects, current does not define the
magnetic field (hence the beam momentum) uniquely
unless the magnets are first properly deguassed.

A slowly turning long coil (flip coil) positioned
in a reference magnet measures the field directly
%o .01%. When a single flip is completed the flip

coil interface interrupts the computer with this
number and, using calibration data plus switch-
yard geometry, the computer obtairs the momentum
of the particles passing through the center of
the slit, i.e. the observed setting of the switch-
yard momentum analyzing system. The computer
then adjusts the current to achieve the desired
vaiue for this quantity. The response of the
bending magnets to several momentum change re-
quests is shown in Figure 4., The above calcu-
lation takes very little of the computer's time
and other activities may go on simultaneously.

T5 is planned that magnet currents ard fields
will be monitored automatically during experi-
rmental runs. This will be accomplished as follows:
Instructions like

EVERY (20 SEC) TOLSCAN Q10 ERRCR .OOL ;

will be included, along with the beam focussing
deck described above. At the specified frequency,
<his instruction will compare the input just
sampled with the nominal value. If the tolerance
is exceeded, an alarm printouat occurs. The test
is automatically suppressed if the magnet has
recently received a new nominal value.

Calibration of Magnet Toops

Using the source language, it is possible
to perform an automatic calibration experiment.
The instructions:

SETI : EVERY (15 sec) UNTIT (T+1OMIN) STEP Q1O
BY .05 ;
PUNI : AT(T+10SEC)
EVERY (15 sec) UNTIL (T+1C:108EC)
OUTPUT Q10 TO 3;
ZERT ; AT (T + 11 MIN) SET 310 = O. 3

SETI causes the D/A.reference voltage control-
ling the magnet QL0 to be ircreased by 5% of its
value (open loop) every 15 seconds until 10 min-
utes has elapsed. PUNI cause the nurber propor-
tional to magnet current to be punched on cards
every 15 seconds but 10 seconds behind the exe-
cution of SETI. This allows the magnet circuit
to complete its response. ZERI returns the mag-
net to zero current after the run. Similar in-
structions for all the magnets make up the full
calibration deck. Since instructions for dif-
ferent magnets are executed concurrently, the
time required is that for a single magnet. Out-
put cards are more conveniently analyzed on a
larger computer and results tabulated. Since
the operation is automated, it may be easily
done on a regularly scheduled basis, and provides
a comprehensive maintenance test on the overall
system. This example indicates the ease with
which different operations can be performed witna
no programming modifications. In general the
system program has been written so that expansion
of the instruction list, when necessary, is a
relatively simple task.
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02 S s S oo et FL : EVERY (20SEC) STEP FLC
CD : EVERY (20SEC) OUTPUT EF TO0 3 ;
EVERY (20SEC) OUTPUT EF :
L1 ¢ AT (12:10MIN) SET EF = 7,014
TOI0 = s, pemvesans™ e L2 : AT (12:20MIN) SET EF = 7.02 ;
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Fig. 4 - Magnet response to SET instructions.
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