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SCYLLfl IV-P CCMPUTEREASEDCONTROLANDDATAACOUISTIONSYSTEM

R. Conrad, J. U. Llllberg, and R. H. Wilkins

University of California
Los Alamos scientific Laboratory

Los Alamos, New Uexico 87545

The Scylla IV-P computer-baaed control system
replaces the hardwired special purpose relay 10EIc
control ayatem that waa used an previous CTR
ex~riments at Loa Alamoa. , This work waa initially
described in November 1975.

Since 1975 the computer ayatem haa groin and
matured. The experiment began operation in January of
1976 and since that time there have been approximately
3600 main bank discharges, over two thirds of them
plaame dj scharges.
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The ❑ain (!omputer ia a Prima 300 with 64K !~ords of
main storage, two Tektronix UO1O terainals, a Versatec
line printer, a card reader, and two 3M word disks.
Tha interface to the experiment is through a CAMAC
branch driver with two cratea. All signals from and to
the bank, which comprise both digital and analog inputs
and outputs, the control panel functions, and all the
data acquisition devices aa well aa the teletYPe driver
❑odule which la ttie link to the CTR Network PDP-10, are
interfaced to the computer via the CAFIACbranch hignway
(Fig. 1).

The control panel contains various switches,
lights, and buttone for running the experiment. A key
lock controls the AC power. A large scram button turna
off the power to the buf ~er relay chassis, allowing the
operator to bring the machine to a safe state in an
emergency. There are buttons to ,tart a charging
sequence and to initiate the preliminary and final
charge cycles. An LED display containing fiva
alphanumeric character is used to indicate cycie or
timing information. Sixteen switches allow the
operator to select the type of machine ?ycle to be run.
A aet of thumbwheel switches can be used to graphically
display signals of interest in addition to those
nortiliy di;played during the machine cycle.
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Figure 1
Hardware for Scylln IV-P ComRuter System.

The safety interlock eystem is hardwired fcr
protection C: the operating personnel. If a de:r is
opened or a scraa button la pushed the machir.e is
immediately brought to a Safe state. The ccr. crol
program ❑onitors all interlocks and prints a ❑essage on
the CRT screen stating which interlock waa broken.

A CAf’lAC ‘keep alivem or ‘fail aafem mcdule
protects agninst computer failure. This c:dule
controls the power to the buffer ralay chassis tkrcugh
which all signala to the experiment run. If :his
oircuit is not pulsed every 50 ❑illiseconds by :%
oomputer, It turns off the power, and all sys:ems
revert to a cafe state.

Great care has been taken to avoid electrcmagr.e~.lc
and radio frequancy interference. Buffer relays.
iaolatlon tranaformera, and a double-shtelded screen
room protect the computer from the ttet;ll:ir.ch
environment. :11 cabling was done to
minimize ground loops.

Q2N10QL~

The control program is driv~n from liata conta:ned
in diek filee, allowing a high degree of flexibility in
operation.

Instructions defining the sequence of operat:cns
for a ❑achine cyole or shot are compiled with a ccr:rol
language consisting of ❑acro calla to the aasemb:er.
Twenty seven commande have been implemented, and new
ones are eaay to add. The operators conptle a 11s: of
instructions such as the following.

TURNON DUMPJ
WAIT UNTIL VOLTAGECT 50
DISPLAY PRBKEOIVLEFT

The Prime assembler takes these instructions, which are
actually a set of ❑acres calls, and converts them tc 12
word blocks. Each block consiets of a command nuz:er,
sequence number, a switch word, a signal number, an
eiuht character label, and four parameter words. :he
command number identifies the type of command. The
sequence number allows branching within the cor.:rol
program. The switch word determines on which tyre Of

machine cycle an instruction will be execc:ed:
different lnatructions are executed for a trigger :est
than For a mnin bank discharge. The signal nu?ber
identifies the signal in this operstior.. The :a:el
contains any alphanumeric information needed by the
command, such as the siflnal name for error ❑essages er
the program name for requested tasks. The parazeter
words can be used to store any necessary information,
such as the number of clock ticks in a wait instruc:lcn
or a vslue needed hy a requested prouram (Fig. 2A,5!.

These twelve word blocks are then used by the
tnstructio-j proccnsor in the control prcmram. rh=
entire l!.st In rrnd for cacn machlnc cycle, but :nly
those instructions wltb both the correct sec~:ccce
number and proper owitch typ~ arc executed.

Other lists contnin information on input, out:ut,
and nnnlou signals. The input and output lists coc:ain
siRnal numbers nnd nnsoclnted eight character laPela.
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10 assemole the Inscrucclon

TURNGN HLASRAFIM

which turns on the digital signal to arm the
holographic Interferometer laser bank,
assume the following variables are predefine.

ON EQU
OFF EQU
HLASRAREEQU

;&l TYFE ❑ 987
SET SEQN = 3

Using these macros

TURN KAC

1
0
170

IF (<1>.EQ.1)
1P (<1>.EO.0)
DAIA
ENDH

●

CMD HAC
DEC <1>
DAIA SEQN
DATA TYPE
DATA <2>
13CI 4,<2>
ENDU

CHD 1,<2>
cnD 12,<2>
0,0,0,0

COMMANDNW!EER
SEQUENCE NUNEER
SHOT TYPE
SIGNAL NUMBER
SIGNAL tIANE

the inatruci. ion is
twelve word block.

I
~
987
170

lhL1
‘AS1
lRA1
1RM8

o
0
0
0

converted to the following

COUIIIANDNUFIEER
SWJXNCE NUhbER
SHOT TYPE
SIGNAL NUFIE!EH

SIGNAL NAhE

PARAMETERS

Figure 2A
Example of instruction expansion
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The analog list contains several entries for each
signal. The uses of th.se are described below.

All lists are emily ❑edified with the Prime text
editor to change the cycle sequence or signal function.

The control program consists of tuo main tasks, a
monitor and an instruction processor. The instruction
proceaaor steps through the liet of instructions and
Lakes the necessary ac+ ion, turning signals on or off
or requesting other tasks. The monitor scana signals
and status lists and ascertains that thn signals are In
the required etate or at the required level.
Potentially dangerous operations are prohibited ae a
proteoLion against human error.

Analog signals are monitored tt!rouuh a ‘windown.
The analog list contains fcr each eignal an upper nnd
lower limit for the l’o~tm etate, an upper and 10w@r
limit for the ‘onn state, ~nd a time value at whirh the
signal should reach tte full scale value. Whilo tho
signal 1s turned off IL must stay within lts ‘orfn
limite. Uhen the sign~l 1s turned on, the limits

To assemble the Instruction

14EXVIGE(-*LASER FiE#.DY**)

which prints a ❑essage cm the operator~s console,
asaume the following variables are predefine.

SET TYPE = 468
SET SE.CN= 16

bsing this macro

MESSAGE

the instruction

EAC
I?EC 7
DAIA SEON
CAIA TYPE
EATA O
ECI 8,<1>

EtiDR

is converted to
twelve word block.

7 COl+lAA’DNUM13ER
16 SECliiiKCE NUMBER
466 SHCT TYPE
o SIGNAL NUFIEER

Ifi#t
‘LAW LAEE.LFIELD
‘SEC
IR 1

~RE.!
‘A128 PARAMETERFIELD
tynl
Va 1

Figure 2E
Example of instruction expaneion.

CO}.iAIJLKUF2ER
StiCUENLEKbMELh
SHCT Tl?L
SIGNAL KU14EER
8 hOhES CF

.4LPliAhUhERICS

the following

change linearly to the ‘onn limit values over the time
period epecified. If the signal goes out of these
bounds, the mnchtn~ cyf!le Is nborted (Fig. q).

Theee two main tasks , the monitor and the
instruction processor, remain in main storage

—..

.LoFF....@=
ULON
SIGNAL
LLON

LLOFF -— --J
L.–— -J
TIME FS

FIEure 3
Anrilog ni~nal monitorln~ with chanFinu llmlts.
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throughout a cycle. Other tasks are ,~alled into ❑ain
storage from clink as needed.

The Background DOS feature of Prime’s Real Time
Operating System has been implemented. Thie feature
allows a background user from a second terminal to use
the complete DOS operating eyetem concurrently with the
operation of the experiment. Data analysis programs
can thus be executed on existing data while new data is
being taken.

A simple graphics library hae been written to
dieplay data. This llbrary containa routines to plot
floating point or integer dats, to position the cursor
for labeling, and to erase the aoreen and make hard
copies . It la a compact and efficient paokage and haa
been adaquate for ❑oat needs.

The Tektronix PLOTlO graphics package haa aleo
been implemented on the Scylla IV-F computer. Thie ,’
package la larger and less efficient, but 1s in kome.
respects ~re powerful and ia compatible with exiatihg’
PDP-10 programa.

L!4m AuL!Lmu

There ia a variety of data acquisition davicea.
currently in usa cm Scylla IV-P. Twenty Four Blomatlon’
610 and eighty S3C 610 transient recorders are used to
digitize plasma luminceity, magnetic field imp-probe,
and other diagnostic signals. Two Biomation 8100 ‘e
record coupled cavtty Interferometry data. Scalers are
used t~ count neutvona. All these devicee have buffer
etorage and are read into the computer after they have
finished digitizing. They are typically triggered and
raad at the beginning of a ❑aohine cycle for
calibration purposee and again at the end of the cycle
to collect the data.

The data from a ❑achine cycle (shot) are saved on
a diek file, ona file per shot. The information From
each device is saved in a record with a 20 word header
and a variable number of packed data uords. Data are
retrieved by ahot number and logical device number.

The header contains information such as ahot
number, date, physical and logical device numbers,
calibration information, CAMAC crate, slot , and
aubaddress, ASCII label for tha device, type of shot,
etc. The use of a logical device number, in addttion
to a physical device number, allows a diagnostic to be
❑oved to a different phyeical unit without changing the
analysle program that uses lt. Only the logical device
number in the bender needa to be chnnged.

The data portion of each record is packed to
conserve diok apace. Six bit information is packed
eight six hit items into thrnp aixtcen bit computer
words. Eight bit Lnformacioll is pricked two t.o one.

The dntn files nrc stored on romov,lblr disk
cartridRe9. khcn one disk 1s full a rew one is
started.

A flyatom hms been dcviaed for 9avlnR constnntn
nlcng with tho data fw a shot. Thnse can be my ASCII
or [lontinR point. Items, sllch nn RC constnnts nnd othrr
~~tLings {m din~nns!t.lr!s or lnb-ls tolling whrre n
diagnool, ic In ponitlonnd. Thnsr constnnt.n nrr savml in
tht? nnmr format an all other dovicr rccorrls, with a ?0
word twvwlcr HIId II vilrlnhlo numhrr or dal,a it.om:l, excrpt
t.hc datn nrr flnnt.1 : point. or ASCII it.omn Innl. nnd of
intcgctrn. Knch hnn n 10K1cN1 unit nllmhor IInnm!intI-d

with lt by whioh 11, unn hc rml.riovrd.

A second computer, a Prime 100, will run tka two
dimensional Thomeon scattering diagnostic. This ~evice
rec~rda plasma light inteneity versus wavelength and
radius, from which electron temperature can be
calculated. A three-grating polychrometer diapersas
tho >cattered spectrum and screens out unshifted laser
light . The reeulting image la digitized by a sil:scn
intensified target TV camera and read into the con:uter
for analysis. With only 32K of main storage a:d a
floppy diek, the Prime 100 is too mall to do extersive
analyaie. Therefore the Thomeon scattering data tiill
be shipped to the PDP-10 ueing a CAf4ACteletype dr:ver
link similar to the one described below for the 300.
The two Primes will be linked to commun::ate

information euch ae ahot numbers and timing signals.

Over the life of the experiment a large data :ase
of diag;ob~ic information ha a been acqu:red,
aPProxima-lY-50 million 16 bit words. This data :ase
la eaaily accekaible from either the Prime 300 or the
PDP- 10 @d haa allowed extenalve analysis of tiie
machine o“perationa. Cross correlations and averages
over many ahota and other numerical techni:ces
facilitate a deeper understanding than waa previously
poaaible.

~DP-10~NK

The Prime 300 and 100 have been linked to the Cifi
network PDP- 10 computer through teletype driver
❑odules, SEC TCO-100’a, using regular tersinal llnes
from the PDP-10. The line speed la currently 120C
baud, with a planned increaae to g600 baud in the near
future.

Software has been daveloped which allows the
terminal 00 the Prime to look like a terminal tc :he
PDP-10, and alao allows the Prime to ship ASCJI f:iea
and shot data. All information is cL..ently being sent
as ASCII or simulated ASCII character. An eight tit
protocol for binary data is being deveioped for the
PDP- 10 which ehould greatly simplify the tranarsiss:sn
of non-ASCII i:}formation.

The bulk of the data for a shot (data from all six
and eight bit transient digitizers) is cczpressed
before shipping. The data are difference and save: as
a seriee of counts md difference valuea. This sc:eze
reduces the required atornge space and transmission
time by about two thirds.

Data nre currently being sent ae aix bit ai~ula:ed
ASCII chnractera. For transmission the 16 bit tri:e
words are divided into aix bit bytes. An offset 1s
added to these to put them In the ran~e of leKal AS(II
charactcre (no control characters, etc.). Cn the c:ker
end the PDP-10 receiving program subtracts off the
offset and packs the six bit information into the :6
bit words of the PDP- 10.

To ensure thnt all cl,aractera are sent to the
PDP-10 correctly, a scheme has been drvised fcr
checking echoes. A string of characters is sent and
the echo is checked. Non-mntchlng echoa (errcl’s,
operntor mrsaaRen, etc.) arc printrd on the screen.
When nll charnctera have been matched by thrlr ech:, a
cnrrlaue return is smt. lf a match 1s not rmde in a
givrn lenpt.h of t!mc, a CTRL U (delete thi~ l:ne)
chnrnct.cr 1s mnt and the line is arnt axaln. r? tc
twenty nttrmpts .Irc made to rrsend the line. Tr ml: or
thrnc nttrmpts fail, t-ho proRrnm nborts. ho prcn:ens
hnv(. nriscn 11) t.rnnnmlt. tInE in formatlnn Frcm the ~~;-10
to t.hn Prlmr, therefore no checkinR is done on :his
dntn.



On the PDP-10 data are saved in files which
aorreepond to disk packa on the Prime. There is an
ASCII file uhioh serves aa a dir~ctory of data disks
and ahot numbers. This directo, y includee the namea of
the data files, the shots on theee files, and the
number of the magnetic tape on which theee files are
permanently archived. The shipping program updates
this directory each time a ehot in shipped, adding
entries for n@wdata disks when nece8eary.

Some aeleoted Prime symtem calls have been
simulated on the PDP-10 tu allow program ocapetibllity
between the two computers. It is nou poseible to write
programa which, with only minor modification, can run
on either computer. Thus progreme can be developed on
the PDP-10 in a timesharing environment for use on the
Prime, where computer time ie at a premium, and Prime
Dro@mma can be run cn the PDP-10 for exteneive data
nnaiyeia and reduction.

The Scylla IV-P Theta Pinch
experiment at ka Alamoa to be

waa the first CTR
completely computer

controlled. There have been problems, but on the whole
it has performed very satisfactorily. It haa proven to
be simple, !lexible, end reliable. The ZT-40
experiment will utilize a computer baeed control system
which builds on the experience gained on Scylla IV-P.

The authors acknowledge the contribution of Fred
SeIbel, ourrently of PPPL, who had a major role in
designing and implementing the Saylla IV-P system.
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