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SCYLLA IV-P CCMPUTER BASED CONTROL AND DATA ACQUISTION SYSTEM

R. Conrad, J. W. Lillberg, and R. W, Wilkins

University of California
Loa Alamos Scientific Laboratory
Los Alamos, New Mexico 87545

INTRODUCTION

The Seylla 1IV-P computer-based control system
replaces the hardwired special purpose relay logic
control system that was wused on previous CTR
experiments at Los Alamos. This work was initially
described in November 1975.

Since 1975 the computer system has grown and
matured. The experiment began operation in January of
1976 and aince that time there have been approximately
3600 main bank discharges, over two thirds of them
plasma discharges.

CONTROL HARDWARE

The main computer is a Prime 200 with 64K words of
main storage, two Tektronix 4010 ter ninals, a Versatec
line printer, a card reader, and two 3M word disks,
Tha interface to the experiment 1s through a CAMAC
branch driver with two crates. 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 as the teletype driver
module which 18 the link to the CTR Network PDP-10, are
interfaced to the computer via the CAMAC branch hignway
(Fig. 1).

The control panel cortains various
lights, and buttons for running the experiment. A key
lock controls “he AC power. A large scram button turns
off the power to the buffer relay chassis, allowing the
operator to bring the machine to a safe state in an
emergency. There are buttons to -.tart a charging
gequence and to initiate the preliminary and final
charge cycles. An LED display containing five
alphanumeric characters 1is used to indicate cycie or
timing information. Sixteen switches allow the
operator to select the type of machine 2ycle to be run.
A set of thumbwheel switches can be used to graphically
display signals of interest 1in addition to those
normally displayed during the machine cycle.
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Figure 1
Hardware for Scylla IV-P Computer System.

The safety interlock system is hardwired fcr
protection < the operating personnel. If a decr is
opened or a scraa button 1s pushed the machire 1is
immediately brought to a safe state. The corntrol
program monitors all interlocks and prints a messa:e on
the CRT screen stating which interlock was troken.

A CAMAC "keep alive"™ or "fail safe" mcdule
protects against computer failure. This recdule
controls the power to the buffer relay chassis thrcugh
which all signals to the experiment run. If :his
oircuit 1is not pulsed every 50 milliseconds by the
computer, 1t turns off the power, and all sys:ers
revert to a £afe state.

Great care has been taken to avoid electrcmagretic
and radio freguency interference. Buffer relays,
isolation transformers, and a double-shielded screen
room protect the computer from the theta rpinch
environment. 511 cabling was done carefully to
minimize ground loops.

CONTROL SOFTWARE

The control program is driven from lists conteined
in disk files, allowing a high degree of flexibili:y in
operation.

Instructions defining the sequence of operaticns
for a machine cyocle or shot are compilled with a ccr:irol
language consisting of macro calls to the assemtler.
Twenty seven commands have been implemented, and rew
ones are easy to add. The operators coopile a li=: of
instructions such as the following.

TURN ON DUMPJ
WAIT UNTIL VOLTAGE GT S0
DISPLAY PRBKNMO1V LEFT

The Prime assembler takes these instructions, which are
actually a set of macros calls, and converts them tc 12
word blocks. Each block consists of a command nuzter,
sequence number, a switch word, a signal number, an
eight character label, and four parameter words. 7The
command number identifies the type of command. The
sequence number allows branching within the cor:irol
program. The =witch word determines on which type of
machine c¢ycle an instruction will be executed:
different inatructions are executed for a trigger :est
than for a main bank discharge. The signal nu-ber
identifies the signal in this operatiorn. The latel
contains any alphanumeric information needed by the
command, such as the signal name for error mess=ages or
the program name for requested tasks. The rarazeter
words can be used to store any necessary informaticn,
such as the aumber of clock ticks in a wait instrus:len
or a value needed by a requested program (Fig. 2A,E).

These twelve word blocks are then used by ‘the
instruction proceasor in the control program. Tre
entire liat 12 reand for cacn machine cycle, but :nly
those 1instructiona with both the correct =sequcernce
number and proper awitch type are executed.

Other lists contain information on input, outtut,
and analom signals. The input and output lists cortain
aignal numbers and assoclated elght character latels.



To assemble the instruction
TURN CON HLASRARM

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

ON EQU 1
OFF EQU 0
HLASRARNM EQU 170
)

SE1 TYEFE
SET SEQN

987
3

Using these macros

TURN MAC |
IF (<1>.EQ.1) CMD 1,<2> :
IF (<1.EQ.0) CMD 12,<2>
DATA 0,0,0,0
ENDM

[ ]

CMD MAC
DEC <1 COMMAND NUMEER
DA1A  SEQON  SEQUENCE NUMEER
DATA  TYPE  SHOT TYPE
DATA  <2> SIGNAL NUMBER
ECI 4,<2> SIGNAL NAME
ENDM

the instruction is converted to the following
twelve word block.

1 CCMMAND NUMEER
2 SEQUENCE NUMEER
987 SHOT TYPE
170 SIGNAL NUMEER
thl
TAS! SIGNAL NAME
IRAI
IRHI
0
0 PARAMETERS
0
0

Figure 2A

Example of instruction expansion

The analog 1list containas several entries for each
signal. The uses of thrse are described below.

All lists are eanlly modified with the Prime text
editor to change the cycle sequence or signal function.

The control program consists of two main tasks, a
monitor and an instruction processor. The instruction
processor steps through the list of instructions and
takes the necessary action, turning signals on or off
or requesting other tasks. The monitor scans signals
and status lists and ascertains that the signals are in
the required atate or at the required level.
Potentially dangerous operations are prohibited as a
proteolion against human error.

Analog signals are monitored throush a "window".
The analog list contains f-r each signal an upper and
lower 1limit for the "oi't" state, an upper and lower
limit for the "on" state, and a time value at which the
signal should reach 1{ts {ull scale value. While the
signal 13 turned off it must stay within its rorf"
limits. When the signal 1is turned on, the 1limits

To assemble the instruc:ion
MESSAGE (®®LASER RERDY"¥)

which prints a message on the operator's console,
assume the following variables are predefired.

SET TYPE
SET SECN

u68
16

Lsing this macro

MESSAGE MAC

DEC 7 COM: ANL KUMEER

DATA SEQN SEQUENCE KUMEER

CATA TYPE SHCT TiPE

DATA 0 SIGNAL NUMEER

ECI 8,<1> B WOKLCS CF
ALFHANUMERICS

ENDM

the instruction is converted to the following
twelve word block.

7 COMMAND NUMBER
16 SECLENCE NUMBER
466 SHCT TYPE
0 SIGHNAL NUMEER
Ty
'LA'  LAEEL FIELD
ISEI
IR 1]
'RE*
'AD'  PARAMETER FIELD
ly.l
LX I

Figure 2B

Example of instruction expanaion.

change linearly to the "on" limit values over the time
periouc 8pecified. If the signal goes out of these
bounds, the machine cycle 18 aborted (Fig. ).

These two main

tasks, the monitor and the

instruction processor, remain in main storage
————— ULON
SIGNAL
—--——-—= LLON
UL OFF ——-
LL OFF — - -
L _ 1
TIME FS
Flgure 3

Analog alenal monitoring with changing limits.



throughout a cycle. Other tasks are called into main
storage from disk as needed.

The PBackground DOS feature of Prime's Real Time
Operating System has been impleriented. This feature
allows a background user from a second terminal to use
the complete DOS operating system conourrently 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 has been written to
display data. This library contains routines to plot
floating point or integer data, to position the cursor
for labeling, and to erase the screen and make hard
copies. It is a compact and efficient package and has
been adequate for most needs.

The Tektronix PLOT10 graphics package haa also
been implemented on the Scylla IV-F computer. This, '’
package is larger and leas efficient, but is in some.
respects more powerful and is compatible with existing’
PDP-10 programs.

RATA ACQUISITION

There is a variety of data acquisition devices
currently in use on Scylla IV-P. Twenty four Blomation'
610 and eighty S%C 610 transient recorders are used to
digitize plasma lumincsity, magnetic field loop-probe,
and other diagnostic signals. Two Biomation 8100's
record coupled cavity interferometry data. Scalers are
used to count neutrons. All these devices have buffer
storage and are read into the computer after they have
finished digitizing. They are typlcally triggered and
read at the beginning of a maochine cycle for
calibration purposes and again at the cnd of the cycle
to collect the data.

The data from a machine cycle (shot) are saved on
a disk file, one file per shot. The information [from
each device is saved in a record with a 20 word header
and a variable number nf packed data words. Data are
retrieved by shot number and logical device number.

information such as shot

physical and logical device numbers,
information, CAMAC crate, slot, and
subaddress, ASCII label for the device, type of shot,
ete. The use of a logical device number, in addition
to a phyaical device number, allows a diagnostic to be
moved to a different physical unit without changing the
analysis program that uses it. Only the logical device
number in the header needs to be changed.

The header contains
number, date,
calibration

The data portion of each record 1is packed to
conserve disk gpace. Six bit information 1is packed
eight six bit {tem= into three sixteen bit computer
worda. Eight bit Informaclon is packed two to one.

The data
cartridges.
atarted.

files
khen one

removable dlak
A rew one 1s

arc stored on
disk 13 full

A nystem has been devised for saving constanta
along with the data for a shot. Thase can be any ASCII
or tloating point itemn, such as RC conatants and other
aettings on diagnoatica or labeln telling where &
dlagnoatic is positioned. Thear conatanta are asaved {n
the asame format as all other device records, with a 20
word header and a variable number of data Ltems, except
the data are floatil t point or ASCI1 {temn Ipaltead of
integenrn, Fach haa a logleal unit number apnaociated
with it by which fL. can be retrieved.

A second computer, a Prime 100, will run tke two
dimensional Thomson scattering diagnostiec. This device
records plasma light intensity versus wavelength and
radius, from which electron temperature can be
calculated. A three-grating polychrometer disrerses
the Jcattered spectrum and screens out unshifted laser
light. The resulting image is digitized by a siliczen
intensified target TV camera and read into the coxputer
for analysis. With only 32K of main storage a-zd a
floppy disk, the Prime 100 is too small to do extersive
analysis. Therefore the Thomson scattering data =ill
be shipped to the PDP-10 using a CAMAC teletype driver
link simllar to the one described below for the :00.
The two Primes will be 1linked to communizate
information such as shot numbers and timing signals.

Over the life of the experiment a large data :ase
of diagnosilc information has been acquired,
approximately-50 million 16 bit words. This data :tase
is easily acceasible from either the Prime 3CC or ‘“he
PDP-10 apd has allowed extensive analysis of the
machine operations. Cross correllations and averazes
over many shots and other numerical techni:cues
facilitate a deeper understanding than was previcusly
posaible.

EDP=10 LINK

The Prime 300 and 100 have been linked to the CTR
network PDP-10 computer through tLteletype driver
modules, SEC TCO-100's, using regular terczinal llnes
from the PDP=10. The line 3speed 18 currently 120C
baud, with a planned increase to 9600 baud in the rear
future.

Software has been developed which allows the
terminal on the Prime to look like a terminal tc the
PDP-10, and also allows the Prime to ship ASCII filles
and shot data. All information 1s cu..-ently being 2ent
as ASCII or simulated ASCII characters. An eight Gtit
protocol for binary data 1s being deveiored for =he
PDP=10 which should greatly simplify the transmissicn
of non=ASCII information.

The bulk of the data for a shot (data from all six
and eight bit transient digitizers) 1is cozpressed
before shipping. The data are differenced and =avel as
a series of counts and differenced values. This schexe
reduces the required storage space and transxzission
time by about two thirds.

Data are currently being sent as six hit simuylated
ASCII characters. For transmission the 16 bit }rize
words are divided into six bit bytes. An offset {is
added to these to put them In the range of legal ASCII
charactera (no control charactera, etc.). Cn the ct:er
end the PDP=10 receiving program subtracts off the
off'set and packs the six blit information into tke 36
bit words of the PDP-10.

To ensure that all characters are sent to ‘he
PDP-10 correctly, a scheme has heen devised fcr
checking echoea. A atring of characters 1s sent and
the echo 1s checked. Non-matching echos (errcrs,
operntor mrssagen, etec.) are printed on the screen.
When all characters have been matched by thelr echc, a
carriage return i3 sent. If a match 1ls not made in a
glven length of time, a CTRL U (delete this l:ne)
character i{a nent and the line i3 aent agaln. LUr te
twenty attempts are made to reaend the line. 1If all of
thene attempts fail, the program nborts. No preplena
have ariaen in tranamitting information frem the [i#F=10
to the Prime, there¢fore no checking Lls done on ‘“his
dntn.



On the PDP-10 data are saved Iin files which
aorrespond to disk packs on the Prime. There is an
ASCII file which serves as a diractory of data disks
and shot numbers. This directo.y includes the names of
the data files, the shots on these file=, and the
number of the magnetic tape on which these files are
permanently archived. The shipping program updates
this directory each time a shot is shipped, adding
entries for new data disks when necessary.

Some seleoted Prime system calls have been
simulated on the PDP-10 tu allow program compatibility
between the two computers. It is now possible to write
programs which, with only minor modifications, can run
on elther computer. Thus programs can be developed on
the PDP=10 in a timesharing environment for use on the
Prime, where computer time is at a premium, and Prime
programs can be run cn the PDP-10 for extensive data
analysis and reduction.

A

The Scylla IV-P Theta Pinch was the first CTR
experiment at Los Alamos to be completely computer
oontrolled. There have been problems, but on the whole
it has performed very satisfactorily. It has proven to
be simple, flexible, &and reliable. The 2T-40
experiment will utilize a computer based control system
which builds on the experience gained on Seylla IV-P.
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