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ARSTRACT

DA/PLT, the data scquisition system (v remmr e oepteg. o5 am seveant of sk |

for the Princeton Larae Torus (PLT) spemaies b fhe atd Sies St Yoem

fusion research device, consists of 2

PDP=1? ~ host computer, five satellite B e el i o b

PPP-115 connected to the host by a ey e T
special hiﬂh-speed interface' \nfringe privately owned rights

mi{scellaneous other minicemputers and
commercially supplied instruments, and
much PPPL produced hardware, Tre
software consists of the standard PDP={2
monitor wi{th local modifications and the
special systems and arplications prodarars
to customize the DA/PLT for the specific
fob ot supparting data acaulsition,
analysis, disvlay, and archiving, with
concurrent off=l{ine analysis, proaram
development, andg, in the background,
general batch and timesharinga,

Some details of the over=all
architecture are presented, along with a
status report of the different P1, T
experiments telna supported,

PAST PPPL COMPUTFRIZED OATA ACQUISITION

The first computer tor the support of
the major exnerimental devices at PPPL was
{nstalled In the snmmer ot 197v, 1t
consisted of An IEt-1R@3 similar to the one
that hard previously been acauired to provide
monfitorina and control tor the FM machine,
From that time to the present this system,
the DAS=180P, nas develored into a4 versatite
facitity which, at {ts peak, was Suppertina
concurrently 8T, FM, and ATC, Ry suitable
expansion of the orfiaginal hardware and
cont {nued developmrent of both systems and
arplications software DAS-1f0¢® has been able
to meet the anAals of presenting shoteto=shot
results for aguidance to the physicists in the
conduct of thelr experiments, of providinag a
system that was bhoth understandable and

proarammahle by the physjicisteuser, and of .

assemblinag hoth the hardware and software to et

permit adding new experiments quickly and T\u:gQPuWEKTISUNLm“Ta}
[ i
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chanaing existiny ones on the fly during
experimental runs,

Measnres of the success of the DAS=1R¢y¢
system have been the ever Increasing
acceptance of the fact that experiments can
be made esasier, {f pot better, by the support
of the computer and the near universal usaqe
of the camputere=nenerated dispiay flaures in
papers amd Treports by the experimental
physicists, Amonq the reasons for PAS=1R¢¢
being &8 success are the tact that the
IPMe]RAQ computer has a vendoresupported
monjitor well suvited to priority=ordered,
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#Thils work was supported by FRDA C(Contract
Fei1=1)=3073,



real=time activities and an adeavate subset
of Fortran=IV, Thus (t has been possible to
maintain the DAS~1800 sottware with a srall
proaramminag staff, 1In addition, the hardware
sinnjied by the vendor was desianed for easy
attacament of the external "process" siqanals
and devices, ASs a result of this convenient
desian only a small amount of locally
produced hardware was necessary for initial
operation of the system, (f course, with the
ever increasina usaae ot DAS-1808, Tuch
specialized interfacina hardwgre has bdeen
designed and built at PPPL to permir quite
sophisticated support for experimental
dliagnosticecs(ll), (2],

The postscrint to the DAS~-{1EA A story
will be written within the next year, ¢or the
two experimental devices now heina served by
this data acauisition system will have to be
removed shortly to make roaom for PDX, the
next generation {n research tokamaks at Prpl.,
A few months after ATC and FM are no lanqger
producing data, all posterun processinag vill
have to come to an end so that the IBN=18¢d
itself can be dismartied to rrovide space for
expansion of the PLT computer to make |t
adequate for suppottina pDX,

PLT DATA ACQUISITION REQUIREMENTS

~ In determining the oprobable corputer
supbort thet would bhe necessary for PLT, the
past experiepce with DAS=1AC® was the test
quide, 5ince many of the proposed diaanostic
experiments were simjilar to those opreviously
runnina on ST, FM, or ATC, In additien, it
was determined early on that the mode of
operation, especlally as it concerned
computerized data acqguisition, would he
essentially the same as that for ST, with the
main differences beinn that PLT woyld be rore
highiy instrumepnted (i{,e,, more concurrent
diaanostics) and the desfian repetition rate
for machine pulses would be 6® seconds at
full powey, (Past experience on this point,
however, would tndicate that a faster
rep-rate at lower fields ==« say 3¢ seconds ==
#oyld ©he the meore popular mode of operatinog
thus the computer system should pe confiqured
for adequate response within this period,)

At the time when the preliminary
speciflications for the PLT computer system
were being assemhled, two experiments had
already been defined 1in enouah detail that



thay couvld hbe used for extrarolati{nmg ¢trov
what wdAS Vrown an DAS=1RAD to ~hat sould he
reaquired on DA/PLI, The first of these &3S
the heavy=*on bear probe, far which there
woilld be or y a trodest scalee«uyn of Corpleyity
and {ncreased compnter control, A factor ot
ten times the computer support orovided bny
NAS=1RAY was deemed the appropriate level to
regsire of DA/PLT,




) The other Adlaagnostic definrd »e)l enouan
for extrapolatinn purposes «as the Jnorson
Scatterina experiment, Hetrte the assuymed
avatlability ot aporonriately expanded
enmputpr cupport had helped to encourage the
sperctrosc rists to redesian thelr eguiprert
to read tae scattered laser liaght from 4@
d{fferent radial positions in the pnlasrsa
column, rather than only one as previously,
Alsor 20 poppler-hroadened wavelenoths
instead of onlv Sseven or elant sovld e
recorded, Thus, ev¥rn with the poSsinilfity of
codina improvementss, it wauld require at
least 40 rimes as much computing on each shot
as that wnich had been done f€for ST Thomrson
Scatterinag by DAS=1869,

~ Further, since PI.T was to be a ruch rore
expensive rachine than anythina ever hullt ot
PPPL hetore, It «as onvious that a4 Ggreater
premfum  would he placed on performina more
experimenrs at the same time and qetting rack
the results fasrer, Computey canhabiifties
sunstantially enhanced over those provided by
NDAS=1R0OD were neeged hoth for bhetter
real=time quidance v ruonni{rqg the machine and
for more cost-eff{ective execution ot tne
experimental oroaram,

S0 At that tire It was believed that the
nex Thomson Scatterina (called TVTS, Since
the storaqe mediurm ls actually a vidican TV
camera tuybe) renresented the largest factor
for increaserd power over the Ihita] gOU
camputer that woul)ld nhe required ftrem the PLT
compyter,s In  addition, however, it ®as
realized that there would be many more
diaanostiecs runrinag tegether at any one ti=e
than therec han normally been on 5T, Fram
these facrs it scemed prudent to re thinkinag
about a computer syster that would provide a
sA.told {ncrease in  CPll cower over the
TRM=1AC4, with avnropriate scale=up ot
perinpnherals, merory., etc,

Feasibility and Systems Studies

Havina determined that a new data
acquisition facility =would he necessary for
PLT, PPPL sSubmitted "Feasibllity and Systers
Studies® in Janvarv, 1974, to tne AEC,
Experience #with DAS=1#{¢ had Aemanstrated the
feasibilicv of PpPPL data acquisition methods,
However, ftor laracescaje data acquisttion
systemrs nf the sorr under discussion there
are usually three anproaches consideredt



4) use ot A remote central computer
facility via "intelljaent® terminals
and comnunicarions lines,

b) a4 multinlicity of hianly conelaured,
inderepdent minicomputers, and

c) a wmedfumssized host computer wi{th
simple fronte-ends,

Since the projected data rates were much too
hianh for oroinary cormunications lines and
since there was no known ¢Oomputecr center

#Tt has suybseguently Aevelored that a planned
Xeray “ave detecting experiment with 62
rransducers would reauirs over 1¢,000 tires
the power Of ar ThuejB¢, {:, as (s Adesired,
the calcuylation were done in realstimel



available which conld offer relifarle service
for the entire rwoe=shift per dday operatior of
PLT, the first 4approach was clearly not
feasible,

) ihe other two Aporoaches were thorouahly
investiaoatea by benchmark tests and py visits
to_various laboratory sites using the two
different methods, The conclusions were that
to meat the PLT reqaulirements six to eignt
wellergulipprd minicomputers vwould be needed
to take care of peak data acguisition pertods
plus pregram preparation and pffeline
analvsis, +hat with duplication of
perivherals and the like the total cost for
an all=minicomputer system would he about the
same as that tor A mecdiumesized host vith
simple fronteends,

The former approach obviously provides
redundancCy and the 1independence of the
mipfcompiuters insures that the tallure of one
component will not keep all the rest of the
system from being vsed, On the nther hand, a
medfum=sized central computer can run laraer
proarams than any compination ot
minfcomputers and this extra opower can he
shared arong all experiments as needed,
Further, durira the perriod when PLT #%ould ncot
be _runring, this computer power could bhe
ytilized for mare eoxtensive ofi=line data
analvsls and general vurpose computina, And

if this corputer had time=sharing
capanilities, this would be a service
nthersise wavaflarle at that time at
Princetan University, [ final, nore

subjective {mpression helped to convince us
that the host with fronteends aporoach wAas
the better one the software on the
med{umre=sized corputers seems to he mych wore
niagnly developed and mature than that on the
minfcomputers,

Thus, the systems part of the
"Feasibllity ano 5Systems Gtudies" proposed
four 12 to IR bit, 16k minicomputer
front=ends to a mediumesized host computer,
which, nased on preliminary vendor
{nformatlon, would pe in the DEC pPDP=18, IhM
37907135, YXerox Siama=9 C1lass,

) AEC approval was received and a 1line
{tem was placed in the PPPL FY75 budget,

SPECIFYING AND SELECTING R SYSTEM

The specitications written for a system




0f A mediumesized nost computer with four
rather simple fronteend minicomputers w«as
basicAally Aan extrarolation frorm the existina
TRMe1B¥* with four PDP=Rs of DAS=18¢84, As
indicAated above, the hasic CPU  power
requirerent had been established as nelng at
abaut "9 times that of the IBY=154¢ and a
simple benchmark to test this speed ratio was
aiven to all prospective bidders, S&peed,
however, was not the only criterion ot
interest, A capapilitys, similar to that of
the 1BM=1840, of runpina multierle concurrent
proarams a4accordinag to & predefined priority
scheme was also reauired, In additi{on, a
featyre not pnrovided py the TIRM=1820 was
desired; interactive terminal support,




_Exact detalls of hardware and software
arechitectore were not {incinded {n thre
specification, Frather, a complex benchmark
was deviged to test the suftapllity of a
qiven system for providina the ditferent
canahllities in the mix reauired, This
complex benchmark consisted of the following
elements?

a) Twn real=time jobs with data
acauisition simulated by reading the
information from maonetic tave .= oOne
large ard fast anad the other small
and slow -n which were run
ajterrately every k13 seconds
throvahout the benchmnarks

b) Two interactive terminal sessions ee
one exercising text editor features
and the other using oneline debuaning
tools to correct a aoctored fortran
proaram =« «hich lasted unti{l the end
0f the hencrmarks

c) A backqground "numher cruncher"
proaram  which was contrived to run
tre entire time and to be too larae
to comexist with the "large"
real=time Jjoby

4) B continuous batch stream™ of 4&ll
types and sizes of Jjobhs (mostly
actual jons from the 1limMalgi*) to
test compiler features, error
handling, and the like,

The written part of the specitication
called for the host compuyuter to have a ~ain
memory of at least 12Rk words of at least
32=nit lenoth, oilsk merory of at least 29
mitlion words, two TBM=-Ccompatible maanetic
tape drives, 16 Asynchronous serial lines for
interactive terrinals, a card reader, a4 lipne
printer, a CalComp plotter, an {nteractive
graphics uynit, 32 multiplexed analoa 1{input
lines with A S/¢kHz or Dbetter analoa-
to=d4agital converter, and miscellaneous
diqital fnputenutput and external srinrity
interrupt lines, The minicomputer rart
called for four units connected bv a
vendoresupplied highespeed parallel interface
to the host computer, Fach of the four urits
was to have 16K ot memory and basic analoo
and dinital input=output tacilities,
Addirionally, two of the unit were to have a
million=word disk and floatinae=noint hardware
so that they could he used for oprooram
preparatior and the 1ike on a stand=alone
basis even 1f the host computer were not

operating,



These specifications were senc to over a
dozen vendors, At that time (Serina of 1974)
only three vendors could or wauld respond,
niaital Fouipment Corm, submitten the lowvest
bids also their prooosal was the rost
responsive and they received the hiqnest
score on runnina the complex benchmark,

VENDOR=SUPPLIFD CONFIGURATION

Tne major camponents included in the DEC
bid were the followinag?

1) 1=-k11® processor (hardware d4address
translation, etc,)

2) 2-MF13G memories (total 128k, 36=bit
words?

3) 2«RP¢3 disk drives and controller



4)

£)
1)

8)

9
12}

12)
1)
14)
15)
16)
17)

183

19}

29}

21)

(rotal 2¢ m{llion words)

2«TU1? maqpetic tape drives and
coantreller (9«track, A9 bey)
1=I.Plu=H 1line printer (92% lpm,
Qr=character)

t-CR1vtal} card reader (10¢¢ cpm)
1=NC1v» 1line scanner (16 1lines, B
rodem controllers)

1=TS56 dual-DFECtacve drive and
controller

t=CalComp 565 digital XY plotter
1=DuALG parallel interface for up to
HePDP=11Ss

1=PNDP=11/4¢, AK memorv, with

32=channel, SikHz, 13=pit A/D

converter,

4 5¢kHz, lbebit diaital input

register,

1 1kHz, 32=bit diqital) {nput

register,

1 1kHz, 32epit digital output

reaister,

120 1kHz diaital output points,
1=GP1?=l, interface for 36 external
priority interrunpts
deKSK=31 Teletypes (119 baud)
dal A3 DECWriters (340 batud)
4«VTPS CRT terminal (2408 baud)
d-rTekironix 40t Graohics aiselay
terminals (to 960¥ haud)
1=-GT4? Interactive araphics terminal
(9696 band)
1=-PDP=11/40, 16k memory, system with

hardware floatina=~point,

l=millioneword disk,

dual nECtape drive,

H=channel, 4@kHz, 12=bit A/D

converter,

x=y oscilloscope driver,

9600=hagud asynchronous line driver,

ASR=33 Teletvype,
1«PDP=11/7401, 16k memory, System with

hardware tloating point,

femillioneword d1isk,

dual NECtape drive,

x~y oscilloscope driver,

9q~04=haud asynchronous line driver,

ASR=33 Teletvype,
1=PDP=11/4¢, 16k memory, system with

dual DECtape drive,

A=channel, 4¢kHZ, 12epit A/D

converter,

x=y oscilloscope driver,

960A@=haud Asynchronous line driver,

ASR=33 Teletype,

PpbP=1i/a4¢, 16k memory, sysStem with
dual DECtape drive,



Xx=y nscilloscone driver,
anrehand asynchronpus line driver,
ASRe13 Teletvpe,

The software included 1in the DEC bid
consisted of the standarg monitor, TOPSe1¢,
without the special opticn tor virtual rerory
(1.0, demand pagina) which the KI12
precessor supperts,  In additior to all the
stancard lanauace processors and utilities,
DEC also {ncluded in the bid a) FORTRANeIR,
the{r new ontimizing Foartran, b) MACYel], the
crass=assembler for PPP=11s that runs on the
PNP=1¢, ¢) PT=11, a foreqQqround/bpAackaground
stand=~alone monltor for the PDPe11s, d) a
Fortran compller ¢tor the PDP=11S, and o)
LAR=-APPS, a so~Called laborAatory applications
packaae supporting the srecial Laboratory
peripheral System ot analog and diai{tal



input=output interfaces on the PDP=iis,

hetails of Current System

The {nterface between the PDP=1D and the
five POp=11ts is called & DMA1#, the
commercial version of a special Intertface
that DEC built £for a bubblee«chamber track
analvzing system at CERN, The software
written by DEC which controls the DMALY
operation turned out to pbe mruch larger than
expected when changed ¢from the specific
bubble=chamber readina form to a completely
qgeneral purprose implementation, It was,
therefore, necessary to adda 32K of extra core
memory {(tor & total of 160K} to the PDP=]1¥ to
accomodate this extra code,

Another addition to the original
contiaquratlon for performance enhanCement was
an R&§®4 swaprping disk, This 256K, fixedehead
disx materially reduces the time necessary to
swap prodrams in and osut of <core when the
total amount of address space needed hy all
concurrent jobs is areater than the amount of
phvsical core avallable, A later softwvare
addition has also imnroved this situation,
This {s the Vvirtual Memorv option for the
monitor referred to above, With this special
software on the KI1® processor a program of
anv size up to the maximum address space of
256k can be run, ajbelt at reduced
efficlencv, The Virtual Memory softvare
brinas "pages"™ (512 words) of the proaram
fram the swappinn disk imto core as they are
needed, swappinag out other "pages" that are
not currently beina used, The overation of
this “demand paaina"™ has no eftect on other
program™s not reauiring {t,

Also since this original installation of
the system efiaght more asynchronous serial
l1ines have heen added, This brinas ta a
total 0f 24 lines with baud rates of from 119
to 96¥Y (1U {o 960 characters/second), Six
of these lines are attached fo modems for
dial=up Access to the computer from any
teiephone, Most of the rest of the lines are
interconnected via a patchinag panel to
so-called "huyrd wired* terminals in the
vicinity of PLT, These terminals Include
eiqght Tektronix Model 4916 araphics disrlay
units {programmed by Tektrponix=supplied
sottware), nine CRT units for alrhanumeric
text, and some twenty units which produce
printed output (hardcopy) and operate at
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either 1¢ or 30 characters/second,

Resides the virtual Memory option for
Tops~10, other svecial software added to the
system Included SITROL, a rather small and
fast Implementation from Stevens Institute of
Technoloay of SNOROL=~4, and several {tems
from the exchanqge library of PECUS, the DFEC
isers® Society, Among the latter are LISP,
REDUCE (a mathematical eauation maninulation
lanquage similar to FORMAC), and utilities
for handling IEM=format maqnetic tapes,

PPPI, Additions and Modifications
It conuld well be claimed that the DA/PIT

systemm represented a general desiagn suftable
for many largee=scale data acquisition



environments, One of the universal
characteristics of such a system, however, 1is
that customizing to tne particulars of the
local installation are necessary, This next
section will be devoted to some of the
additions and mooifications made to the
commercialliy=supplied hardware andg sottware,

The PDP=1?# Is bpasically a roverful
time=sharina svstem to which have heen arded
batch processinag capabilities and the "hooks"
for doina realetime, experimenterelated work,
Hence, the concept common on smaller systems
af an external siqnal ffrom an experiment,
for 1Instance) 1interrupting the CPU at a
predetermined voprlority 1in relation to other
such external signals and to the internal
interrnupts of of the hardware {s missina trom
the norma] PLP=1@& system, The "hookS" «m {n
the torm of the GP1& General Purpose
Intertace and simple Fortran=callable
sybrottines == are provided, The manual for
the GF1@ gives stralahtforward instructions
for constructing such an external interrupt
system from standard DEC modules,

) To brovide vparallel {nterfacing ports
for exlsting minicomputers ¢the same GP1#
might be used, But, since these
minicomputers have only elther 12 bits
(pPDP~8s5) or 16 bits (other PDpP-11s, Mova=2s,
TI«9825, etC,)er a 3b6=bit interface was not
needed, Rather, {t was deemed expedient to
usa a standard parallel interface on one of
the five pDP=11/4¥s, A 1local enhancement to
this system mnrovides tor multiplexinag uo to
elant minfcomputers throuagh one such
interface,

Amona other spercial hardware of more
general interest whicn has been produced at
Pppr1, for the PLT system are the transient
analyzers described 4in another paper at this
symposiuvm (3] and a4 set of 32 sample=and-hold
units operated by the proarammable clock of
the highespeed A/D converter in the special
pPhpPe11, with this latter arrangement data
from all 32 lines 1s acquiredq at the same
time, even thouagh the analoa to digital
conversion 1ls done in a sequential fashion,

The three major software projects tor
adapting the system as delivered by DEC to
the needs of PLT were (&) DMAI? control
routines (on both the PDP=13 and the
PDP=11S) [4]1, (h) A& table=dri{ven Submonitor
for providing priority sequencing of ail eLT




tasks, and (c) a comprehensive system of
disnlay programs, This latter system
consisted first of A set of subroutines to
emylate the operation of the dlsplav system
on the IBM«1B2¢ so that existing orograms
could be qulickly converted to Tektronix 4d1¢s
and the CaliComp on the PDP=18, The major
effort, however, was devoted to producing 4
svsren for simulating Tektronix 4210 displavs
on x=V storage oscllloscopes (Tektronix 641,
6043, 611, 613) driven by four of the PDP={ls,

INITIAL PLT OPERATION

' As this Symposium is heina held
{Novenber 1975), the final preparations are
beina made for the start of PLT operation,
Inftially, data from the following
dlagnostics will be acauired:



1) Plasma current and loop voltaqe,
2) 0K and &F tleld currents,
3) Plasma TV {imacing at limiter,
4y TVTS (myltiechannel Thomson Scat~
terinag),
%) 2mm mlcrowave interferometer,
#) Heta(theta) from diamagneti{c loops,
7) Plasma equilibrium position,
83 X=mray pulse=~heiqht analyzer,
9) lon temperature from charde=exchanged
neutrals,
13) Visible and UV spectrometry,
11) Xeray wave detector (2 roints only),
12) Plasma stabllity from B(theta) loops,
13) Vessel wall analyslis.,
14) Fast lon~adauace pressure, and

15) MiscellAaneous timer and knab
settinas, shot number, time, date,
etc,

Amona the special hardware which has
been produced for these specific diagnostics
are the plasma TV system based on a T1=982A
minicomputer, the TVTS vidicon control and
diaitizer, the automatic "fringe" read=out
for the microwsve {nterferometer, ana the
custaomemade Xeray PHA unit (contalning a
PDP=11/0%) from Tennecomo,

Data from all of the diagnostics Jlisted
aphove Wwill he handled by DPA/PLT except for
Plasma TV, which will nave only local display
capabilities for the present, For all the
others a combination of automatic and
interactive software »e as is most
appronriate for different modes of operattion
~= has heen prepared, Almost a1l raw data
and results wl]11 be displaves on one of four
Tektronix 4010 araphic terminals or one of
six Tektronix 613 memoscones,

In addition to acauiring, analyzina, and
disnlaviraq exrerimental date, there Is a need
to save both rawv data and calculated results
for future consideration, In the past on the
DAS=iB80® system this archivina was done in an
efficlent manner by transferina disk data
fram individual diagnostics to maanetic tare
on an irregular basls when disk space
shortage demanded it, 1n response to rather
recent suqgestions from the exverimental
phvsicists, the archiving aon DA/PLT will have
another characteristic: the data will all he
stored automatically in a compatible manner,
so that any information from any diaanostic
on any shot or shots can be retrieved by
anvyone, An extensive system is beling



developed to Allow all data te bhe retrieved
in an easy=toeinternret form and displaved in
a standardized format,

Future system Expansion tor PDX

Since PLT and PDX (which is scheduled to
start operation in FY?77) will not be Able to
run at the same time, one¢ data acquisition
system can, in principle, service bhoth
devices, It has been established from the
manner in whiech PDX will operate and the
diagnostics to he run on it that the
computing requirements for it will pe abont
1543 those of PLT, Besldes the scale-up of
the present DA/PLT system ¢to tagke cAre of
these needs, there will be necessary a
further enhancement to allnw acceptable use
of the data system hy the experimenters from



the device not running on a aiven day te do
off=line analysis, proqram develorment,
experiment set=up, etc,

The expansion ot the present system has
heen tefined and scheduled to be accomplished
in a twoeyedr perind in such a manner that
pLT ®ill be able to take advantane of each
enhancement to meet the needs of later
experiments, The following are the planned
chanaes to the svster and the scheduled
dates!

1) Expand core memory to 256k {done
October 1975),

2) Change disk drive to newer models
havinag about three times the transfer
rate and 49" words (December 1975),

3) Add 728k of head/track swapper
{mid=FY?78),

4) Add terminals and lines (¥Y76),

%) Uparade the CPU (FYTT),

6) Change to higher performance magnetic
tape units (FY77), ang

7) hdd PDOP=t1ls and intertaces (as
appropriatey,
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[The text for this parer was prepared on the
DA/PLT DECsystems1t hy the proaram RUNOFF,)



