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lllupokoe BHEOpeHHE SICKTPOHHBLIX BBLIYMC/IHUTEbHLIX MaIlMH B pas3/IMYHLIC 3BEeHbH

(I3HYECKOro SKCIIePUMEHTa 3a IoCjlefHHe T'OAbl BLI3BAJO ONpeaeleHHBI HHTepec co
CTOPOHBI dJHaHKOB—BKCHepHMeHTaTopOB K BOIIPOCAM BLIYHCIMTE/bHOH TEXHUKHM M IIpo-
rpamMmupoBafunio: Ilepconan ¢usnuyeckux naGopaTopuii mpu NMOATOTOBKE SKCHepIIMeHTOB.
un o6paBoTke SKCNepUMEHTaNbHBIX AaHHBIX BhiHyxaeH (B GOJ'IBU.IHHCTBe cnyuaes Ca-
MOCTOSITENbHO) ocBaubBaTh TexHHKY OBM n Mertoamn pa60Tbr Ha BBIYHC/IMTENBHBIX Ma-

INHHAX. '

Ipu BceMm MiOroo6pasnn MaTepuana Kak IO CaMHM BBIMHCAHTENLHBIM MallHHaM,

TaKk ¥ [o BONpOCaM NpOorpaMMHpOBAaHHS, B llpouecce Takoi paBoThl BO3HHKAIOT €CTeCT-

BeHHbBIE TPYOHOCTH, CBA3aHHble, I'VIaBHEIM 06pa3oM, C OrPaHMYEHHOCTBIO JIHTEPaTYpPH!,

paccuHTaHHO#i Ha (U3HKa-3KCIEepHMeHTaTOpa WM Ha /I, 3aHHMAIOUMNXCS pPas3BUTHEM

MeTonHYeCKHX BOIPOCOB 3KCMNEepuMeHTalbHol (uauku, EC/H yyecTb NpH STOM, UTO Me-

TOAMK& HCIONb30BaHUS OBM B skcnepnMeHTanbHOH (u3UKe GBICTPO COBEPWIEHCTBYETCS,

TOo SyneT HOHATEH MHTepec: Co CTOPOHB QU3HYECKHX MHCTHTYTOB K neTHel mkone O6pe-"
OMHEHHOrO MHCTHTYTa SOCpPHBIX nccﬁ‘euoaaﬂnn - ”[Ipumenenne 3BM p samauax skcrne-
-pUMeHTanbHO#i ¢usuku”.
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‘OI/IHI/I(unpexTop -~ yneHn-koppecrnognedsT AH CCCP npod) M, l"Memepm{oa) B r‘.Anym-
te (Kperm) ¢ 5 mo 19 mas 1968 rona. . o
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1.  INTRODUCTION

| It is intonded in theso talks to’deel with the use of

9 ~computcr% in tho ovaluztlon of upark chamber cxperiments. Two aspcct°
 ;arc particularly meh"ﬂlzod, numcly the automatic scanning.of film and\
:ﬂtho process1ngvof experlmcntu on~linc to computcrs.

Most of the tcchnlquoo Vthh are described in. thlu paper havo

'_becn duvelopcd at CERN, thoudb somc mcthods contrlbutod by other '

laboratorics arc also mentloncd.

The tlmc scalalnvolved in these dcvolopmunts covers the lnst
five or.olx years. Durlng thlc‘porloa a rapld cxpwnglon of- thc usc. of
computers has occurred. Tho avw1lablllty ‘of modern dlgltal computcr
. systems with flexible’ 1nput output and mlcrosecond loglc and arlthmotlc
‘has stlmulated o varicty of uppl;catlons in the hlgh-encrgy physics '
'laboratorics. Onc of the moét-interesting results is -the high degree
of auﬁomation achicved iﬁ the ahaiysis pf both film andwfiimless spark
chember data. This topic will now be'illustratcd starting with a

recapitulation of the basic features of spark chambers.

1.1 Snark Chamboers

The Sbark chamber ig‘ﬁow a classic cxpcrlmental tool in hlgh
energy phyglcs. Tt is. uscd to detect the pagsage - of. charged par’ucles
and to give accurate snatlal information about uhélr {raaectorlcs."‘“
Thig spark. chamber detector rcllcg on tho prescence of 1ons along thoﬁ
- particle's path and 1nvolves a gus dlschargc 1n o gap bctween two

parallol plate. olcctrodcg.,~



The main characteristics are s

i)  Sensitivity time of a few microseconds

o 11) dead time between successive events of a few
N mllllsecondc

iii) possibiilty of trlggerlng'the detector

These features comblned together make the spark chamber an
1deal device for collectlng very laré@ statlstlcs of selected and
reasonably clean events. To give an 1dea of the scale of operation
‘1nvolved,'opark chamber experiments normally record of the order of

lO5 - 106 events. This vast amount of information clearly poses ;;;,,;,;—e’

‘Serlous problems of data handllng and calls for a high degree of
automation. ‘Fig. la. is a schematic diagram of a parallel plate spark
.chamber and Fig. lb gives an example of the use of‘spark chambers,‘

showing the beam layout of an elastic scattering experiment. -

How are the spark positions read out? The first spark chamber
used in experiments recorded'épark positions by optical methods.
Stereoscopic photography was adopted making use of the experience.
gained with bubbie chambers.:Fig. 2a shows how 900 sfereo~views of

the chambcré may be obtained and Fig. 2b shows the resultinglpictﬁre.
blayout. The pictures were‘in;tially measured on standard manually
operated diéitized projectors. The measurementS‘wefe recorded“on cards
or punchpd paper tape and prov1ded the input ‘data to a typlcal chain
of analysis programs performing geometrlcal reconstructlon and klne~
matical analysis of events and utatlstlcalAevaluatlon of experiments.
Because the slow manual measurcient was g serioué bottleﬁeok;%various'
' fully automatic scanning and mcaqurlng uyutems were developed in |
several lqboratorles(l. In addition to the already ex1st1ng HPD flylng
spot digifiaers(z, a variety of fllm measuring dev1ces sp901flca11y ‘
des1gncd for spark chamber plcturcs were- constructed. Automatlc analysis of

4:

photographic information was flrst reported on in the years 1963—64 3’
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Tﬂfﬁ'flw:‘ B In recent ycar° a numbcr of fllmlosu dlgltal road-out S
lﬁfkltechnlquco have beon gucccssfully trled outi (v1d1con systems, acoustlofmA;

'{flchambor, wlro’chamber etc). Thoy offcr two marked, - advantagcs, flrstly

.t?fthgt oi romov1ng the ulQU camcra and hexco allow1ng the chambers: to. beyr

- ﬁisoperatcd at hlghor upOCd, ond secondly that of produc1ng dlgltal output“.fﬁt

lf~]"~thus enabllnﬁ dlroct trans mission 1nto an on—llno computor.

Thc tlrc chambcr is by far tho most lmportant ‘of the fllmle
" spark chambors. I+ has been used 1n many oxperlments, it can be. pulgod ﬁﬁﬁ'

“at frcquenccs compatlble thh its dcad tlmc and it works satlsfactorllyfﬁﬁ\ﬁ

with two or more sparks por gap. It is similar to the optlcal chamber.

i«:'ozscccp“l: for tho method of rcading out the spark coordinates. Instesd of i‘ 'M

~planc sheets of alumlnum foil tho cloctrodos consist of planar arrays :

!of parallel conduotor wires. plﬂocd at a distance of about one mllll~ 1
l;motcr from cach other. The dlschargc current follows the wiros' Lio oy

©p . the spar ks 1n oach planc” thus cnabllng ono to locate “the sparks_‘"

' ;pOSitions.,

‘Pig. 3o shows a d:egram of ‘wire: chanbcr. Flgs. 3a and pb o
o illustrate the two commonly usod methods of: roadlng out the ‘spark ‘
kacoordlnatos, namoly magnotlc core -and magnotostrlctlvo road-out systems. -
" The parallel plate optlcal chambor and tho slre chambcr aro :
fffSuSLd for thc mejor part of the oyporlmontal work at prosent In what '
J;;follOW” tho data handllng aspects of thoso two typos of spark chamber

b‘only will be consldorod.‘

© 1.2, Data Handlingi'

: Many datu handllng probloms are common to fllm and fllmloss
‘spark chambors. In both ‘cases one ‘has ultlmatoly to analyse spark i

' measurcmonts.f«’ ‘-  SR o "j-iviﬂ




WIRE CHAMBER

COUNTER

-
| B
~ PARTICLE
PATH
X READ - OUT
COUNTER '
T E - —_
— -
— -
SPARK /:Q'
GAP. / =
| HUGH VOLTAGE |
P2y E
I ’
TRIGGER
D <
LOGIC .
FIG. 3a . v
MAGNETIC CORE } MAGNETOSTRICTIVE
WIRE PLANE READ-OUT WIRE PLAN READ-OUT -~
SEARK = = | --<|> 3: ==~ spARk '
SPARK Y _ ] SPARK CURRENT !
CURRENT || \ ' _ :
. Pt ‘
Pyl i
ARRRRRAND! J ~ USENSE cOIL .
SRR Y T s : MAGNETOSTRICTIVE -
R T S SERSE _r,,g\: READ-OUT_WIRE - ~o
n "ﬁv* - kS e v . N s T
— T WIRES § ACOUSTIC
O e i i W o ‘ b > PULSE
\Ti‘;‘.’;l:f{r__é"}_;__rff'!' E [DATA HIGH VOLTAGE RETURN 1
Gempn . o “IR | 10 PRI | SENsg -
s "READ WIRES . COMPUTER . FROM TRIGGER {;START. AMPLIFIER
L o ' wosic ~ R
< SCALER -
DATA- TO - 8T0?
COMPUTER - g
1oscILLATOR
FIG. 3b | FIG. 3¢
N 8 : . o



The main tasks of tho autonatlc data-handllng systom mwy

"be llsted under threc broag hcadlng as follows

Stage 1 ¢ Data acquiéition and reduction
Stage 2 ¢  Bvent: rocognltlon and classification

Stage 3 s chmctrical nnd,kincmatical analysis of the cvents.

Stage 1 involves thg acquisition of dlgltal lnformatlon by
the computer from the measurlng dev1ce(coord1natcs)or from the wire
chambers (V1re numbcrs) It ﬂlso 1nvolvcs, by mcans of computer programs,‘
the reduction of this lnform"tlon into strictly essontial data, i.c.

the coordinates of spark controids.

_ Stoge 2 ‘involves the reéognition of.particlo trocks in each
chamber, the identification of the triggcrihg cvent and its classifi-~

cntion cccording to the programmed scanning criteria.

Stage 3 1ncludc° thc geometrical recconstruction and kinc- '
metical ana1y31g of the 1nterost1n cvents and'the btat;stlcal

ovaluation of the exporimental data.

Stage 2 and 3 arc both carricd out in much tho same way for
optical or wire chambers. In some cases'one can actually usc the same

program, s we actually have donc.

Concerning stago 1, it may be stated that, if wire chambcr
rcplucc the film scannor, the ntructurc of tho on—llne computcr syptcm
is not changed vory much. In both cascs therc aro vory slmllar problems
" aof cquipment control, data acquismtlon and storwge, man-machlnc

communlcatlon, 1og-kocp1ng etc. ‘The- datn 1nput rutes are also comparablo.

\\.
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However, whilc . in the case of film some pattern recognition is |

required to 1ntorprote tho dato box information (plcturc nunber, rollgﬁi'

numbor,,uupulcncntory dutﬂ concornlnv tho cvcnt), to rcconstruct the
fl&uclal centres end to rccognize uhe sparks, in the case of w1rc

chambers this data is rcadlly VVanlablo.

The o autonatic anulyula of “spark chgmbor plcturcs will now i
. be described, followed by on outline of the. nothodq used in the
evaluatlon of v1re chanber experlncnts. “ho emphwsls will be on the' '

techniques used in the flrst ond sccond stagog of dqta handling. -

B o
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2. EXPERIMENTS USING FILM -.

. One of the appealing features of snark chambcr pictures 1~'
:‘thau the.information content is small relative to bubble chamber
photographs. The-traaectorles of the particles participating in the
selccted reaction are seen in the presence of a minimum amount of
background. Anothef important. featurc is that the spark images which
delineate the particle tracks are confined in,the gap regions which are
normally arrangéd;in the picture in a knowa, regular geometrical fashibn.
It,is_certainlyibecause of these characteristics that automation has been

achieved in a' rather short time.

However, a well planned gutomatic system has'to take into accouni
‘the particular way spark chambéfs are used. In fact, since these detectors
are relatively 1nexpenolvc and easy,to build, their usc is gencrally
limited to one or a few experiments.. Unlike bubble chambers, spark
chamber flexibility pernits radical changes in picture format to occur from

experiment to experiment.

PFirstly, thc arrangement of the chambers can vary considerably -
at the experimental area, 50 thé-chamber.images.may be disposed quite
differently on the pictures of different experlmentu.__Secpndly, the.
number and the dimensions of the chambers, the sizes and pbsitions of
the gaps and clectrodes, the film format'etc. repreéenf‘possible degrees
of freedom. Thirdly, the scanning criteria are experiment depéndent'as

.are the topological characteristics of the cvents.

Because of this veriety of possible. picture structures a high
degree of flexibility is requlrcd 1n the automatic scanning oystems, in
order to accommodatc different expcrlmcnto.

Pigurcs 4, 5 and 6 are_example§ of:pictures-tqkéﬁ from three
different spark chamber experiments performed and.automatically analysed
et CERI.
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2.1 Automatic Film Measuring Devices

Many typés of~autométic film meésuring-devicc have been
~ developed in various BEuropecon and American laboratdries;. However,
'thoir basic working principles are rather similar and may- be
~described in a general way. L

~ The element of £ilm to be mcasurod, is cxamined by & small

"'vcircular spot ‘of 1ight which is obtained ‘either mcchanically (HPD) or

"elcctronically (cr1 SOanners) When the bundle of light royo
-generating this spot traverse a black or whitc image - (for example a
spark), the change in the intensity of the transmitted light is '
detectcd by a photomultiplier placed behind the £ilm, The electronic'
" circuits of the scamner .then record ond output the apprOpriate
measuroments of the detected image (c‘g. coordinate‘of thewcentre,A
width, light intensity). o : |

Thé scanner is connected on-line'tdxa computer, sd thax'thei
measurements are trhnsmitted either direptly or via a'smnll,intermé;
diate buffer to the compﬁter memory Where'théy récéive a first stage?
| processing simultaneously with the measuring procecss. 'Also'by‘this
connectién'the meaéuring~devicc is placed under the control of the .
computer programs This means thot its operation 16 flexibly .
programmed and its performance is 6pntinuously checked.,

What commands can ‘thc -computer send to the scanner ?
A1l the scanners at pfOSent used arc capable of exccuting basic -
‘orders puch as adfance“br~babkspacc the £ilm by a given number

of ffhmes, initiate oraterminate:measureménty ctc.

-But the degrec of programmability of the measuring process
iteelf dis the moin parameter which differentiates the vurious types
of sconner. At one. extreme the system dGVGloped at MIT by
Prof. Deutsch 3) has a maximun degree of progrummability. ‘The spot
is sent to an address (x,y) on thc CRT surface by 8 cdmpufer command'

EETH
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- and the devicc,éimply tclls the computer whether at that point the film:'
 is dark or, clehr.‘ On the basis, of each’ smngle answer, the program decides

which point to intcrrogate next. \

At the other extreme the flying spot digitiscrs (PSD's) such

- as the HFD systen have a minimum degrec of programmabillty, and thoro-}”
fore maximun independence from the computcr. One command. cauues the
complete meaouremcnt of a specmfled plcturc, in the nanner -of a TV "
rester scan. The FSD samples.the whole frame by - parallel lines COn—
tinuously trangmlttlng the dlgltal 1nformatlon. It thus bullds up
outomatically in the_core nenory of the computei o digital inage of

the measurcd picturec.

Betwecend thesc two extremes, one finds automatic film scanners .

" ‘with various amounts of built-in programnability and HPD-like autonomy.

To concludeﬁthe discussion éf the philosophy of the "scanner;
computer systen’, it is wdrth‘emphasizing that the nain difference lies
, in the extent fhat the £ilm is used as' o rondon access memory. The - |
~logic of the:data processing prograns is renarkably similar ih'fhe _
voarious cases. Sincey at CERN we adopted the raster scan'téchnique, -
the concrete cxanples given in tho‘following sectibns'will be,mainly':

related to this nethod, without in any way affocting gcneralityQV

Fin~lly, the measurement tine dcpends on the film format, ° ,J;r.
picturc COntent and type of scannlng device. For programmed Spot 1nstru— l
nents .one can define o characteristic "point interrOgatlonﬂ tlmc,,wh;ch”

s typilcally SOvcral miCroseconds;” For flying spot digifigers one daﬁ”.
definc a "scan llnc" tine which is typlcqlly of the order of a mllllsecond
The total number of point interrogatlons or, scan l;nes depends on the "
amounu oand distribution of the data in the plcture. Typlcal measuremcnt,,l,;

$imcs are in the range 1-15 scconds/plcture.
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2 Todayl<one Jnows how. to design, construct and operate auto- '
matic F£iln ncasurlng machlnep. Many such devicesToxist and arg currently

b01ng ugcd for a wide varicety of experincnts.

: -
2.2 Organisation of Prograns S

Expericnce has shown that the successful construction of a
>'film ncasuring nachine soive; only' part of the f£iln measuremcnt problcm.
" Contrary to- carly cxpcctatlong, at least as nuch effort is nceded 10

- falke’ the conputer systen with its various progran stoges work properly.’

The conmputer has 0 be programned to carry out a wide vaiiety
of functions. . Besgides the.automafic-re00gnitionﬂgf~$hc“cvcnts,_Which is”
in itself o najornjbb, there arc many othcr tochnicdl‘probleﬁs to be
solved:before smooth production of rosults can start. Problens arise,
for exaﬁplé, in the design of the interfaces with special equipment and
“with the 0pcrator5 in the proper accounting-of‘largc‘quantities_of data

and there arc timing and dafa/rate problens in input and output.

_ “Phe progran must,dlso.includc‘a 1argcrnumber_of_chedks Tor,
haordware and operator errors in order to avoid wnnecessary stOppages."
Some fault conditions, such as thosc cquscd by strips of pooxr qualltyb
~film or by Opcrauor errors durlng flld and tape handling con easily be
- foreseen. Others, such as I/0 channcl and magnctlc tape errors are not
S0 casy 1o prcdiét but the progran must be able o' deal with then all}
When cvcrytnlnv works properly, ong realised that on inportant fractlon
of the code has been written in order to nalntaln contlnuously

cfficient opcratlon.

Whilst -they arc. being doveloped, the progroms nced to be
contihuously updated. The nunber of trividi‘b£0gramning errors nade
during this phase is ninimised if tho inférfacc ‘between tho q9mputer‘
and the programucr ‘is sinplificd as nuch gs posgible. Tor this reagon, -

prograns are generally wrltten in FORTRAN-likec hlgh level language

o
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. It is also convenient to break large prOgraus up into logical
’block» and subroutlne Sy each perforning a well defined function and
,Wlth an overall structurc whlch can be used for several prograns cach
.analysing a differcnt experlment.\\mhon modlflcationu during deveclopnent’
arc casiler to make and the anount of re—programnlng necded for the

. analysis of a new cxpcrlment is kept to o ninimum. Thid ovcrall :
§tructurc is achieved by darcfully scparating thé experinent dcpendent,
computer dependent and measuping'devicc dependent ‘seetions of #hcl.
progran, . by ggneralising the most connonly used routines to cover o
wido-%aripty/of applicatlpnsiand bylgrqdually,Bullding up sﬁitable
progran libraries which- contain the most userful #ersion 6f cach

subroutine.,

, ’Thc detailed design of the sofware for an autonatic scanning‘
' syptem depends of coursc on the type of filno gscanner available, on thc

couputur to be used and on its operating systen. .

How rmch of thc data proc0551ng has to be done in rcal time é
Idcally, one would like %o carry out as ruch as pogs1blo of the three
stages of computation 1n parallel with thu mcauurencnt SO thax any
fcedbwck is gvailable 1mnediatcly and the plcture nay be ro-cxamined
if neccessary. Unfortunatcly, thls would require a large, powerful and
therefore expensive computer, or altcrnatlvcly would slow the measure-
rient rate down considerably, Tho nost realistic ain 15 ﬁo do only as
much malysis on-line as is necessary. We would regard'thc COmpletion
- of Stage 1 defined above as an db»olute nininun., ‘Experience at CERN :
hes. shown that anything lOoS than thls lecads to. 1ncff101ent runnlng
of the systen both bccause of 1nsuff1clent control of the measuring

Anstrunent and inoufficlent rcductlon of the dlgltiscd data.

The exocution of Stage l prOgramo in real tlmc guarantees
sone- control over the neasuring dcv1cc and . thereforc minlmises the nced
for re—mgasurcmonts. For example, a varlety of checks can be gpplied to
fiduciol nmarks, data box and spark information. Also, o reduction of
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the data by an approximate factor of ten 1s normally achievcd by saving
:only the coordinutcs of the- spgrk and fidueial centres, most of the

'f ‘background, digitiSings are eliminated and tape handling operations are

'f simplified. Storing the output fron Stage 1 is olso a useful safety

© precaution even if further’ calculations are carried out on-line. This
| output contains all the essential data which would hove been collectcd
’ by manual measurement of the’ picturc and’ rcpresents an unbiassed ;g_*
description of the event in digital form with & minimum of redundant infor—
’f mation. If an error is found in the prOgrams used for later stages of .
~the analysis or 1f these programs cre subsequently improved the

experiment con be reprocesscd without remeasuring the film.

' What computer configurstion is'required to perforn the °taée ifav
tasks ? Anong the nany poss1bilities offered by nodern computcr systems,
let us consider two; either a ‘nachine matchcd to “the requirements of ﬂf
the assignnent or the use, of part of the capacity of a large oulti- ;.‘
programmed computer system.‘ A% present, cconomic considerations_séem”:'_
to be in favour of the first o olution. Looking ahoad,'however,‘one cen L
1megine large systems in which current difficultlcs (which involve the
leance between 1nput/output and central processor speeds, access during
developmcnt of hardwarec and software s capacity of the various types of
storage, “real-time response, economy ete. ) have_been overcome so that

o thc second solution may be more attractive..

e

e To match the requiremcnts “of thc YPilo scanner $hie computer
" should have enough core memory to contain Stage l programs and ,
digitisings.' Programmable spot digitisers require memory sizes in the S

‘range 8-16 X words (K31024) of 16-24 bits.’ Flying spot digitisers

T require relatively more memory because they store the ‘whold picture.;:-f

We would consider 16 K adequate for many applications, but rather on : ﬁf.d
- the low sidc for complicated pictures” ‘ v : L

. i [ B AT
' . B LT NN ‘ . . ‘--,.z‘._,\.‘-‘.
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‘Phe computer should have a sufficiently powerful‘central ! _

- processing unitto. perform’all the ‘required calculations without slowing

| down’the'digifiser.- There must be fast buffered input/output channels to
_ensure the transmission of digitiSings from the scanner direetly to the
computer memory and from the memory to magnetic tapes or disks, without.
.Stopplng the central processing activities. For the man-machine inter-
.actions the availability -of display equipment- such as teletype, line printer,
CRT's,; is of the greatest importance.  An interrupt system makes%the-trans-l‘
.mission of“data easier and'quite independent“from'the central proceSSor

- attention. A backing store of reaaonable capacity, allowing for storage

- of program overlays, containing for example: diagnostic routinés for the -
‘measuring deVice, calibration programs etc. is also essential for smooth

dirunning of the system.' T e

- 2}3 Processing the'output'from‘a flying spot digitiser

‘ 'When-startingito process the digitisings.from a scan,'the SRS
computer program has first to identify the frame and:.it does this by - |
searching for the digitisings corresponding to the roll and frame numbers,'
in the data box. All the nunbers in the data box, which may include such’
,supplementary physics information about the event as the fype of particle,,
which initiated the event, the. triggering conditions, etc, are coded in.
binary form and appear on the photOgraph as a series of strokes which are

long- enough t0 be traversed several times by the flying spot.

The next,sfep in‘the analysiS‘of'the picture is'fhe‘search* -
for f£iducial marks. Efficient programs ‘exist for the recOgnition of
k-shaped marks and are commonly used both for spark and bubble chamber '
pictures. "“Thesé techniques are baSed either on global - histOgram methods
or on local search for nearest-neigthIr digitiSings. When the pOints T
which belong to each arm are collected -lines are fitted to them by
least squares ‘and . the coordinates of their intersection are obtained
Once two or three: ‘fiducials are found the’ program cen define search

areas on the film where spark gaps and other fiduCial marks are located.
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}in,doing so;‘one assumes. that the reclative bosition of chamber iméges

- and crosses. is kndwn and coﬁstunt .Therefore every . spark. chambcr should
have its own fiducial marks (two or morc) rlgldly connected o it and
seen by the canmera through the same Optlcal path as the sparks associgted

-with . each v1ew.

DlglulSlngS 1ns1de each gap 'are then exanined by thc prOgram
in order %o find sparks. A spark is defincad by <kce presence Qf_two or .
more d;gitisings‘which lie on successive scan 1inos, and whose coordi-
nates,i@ the scan direction are seperated by no rnore than onc spark
width. When spérks:are recogniSed, the coordinates of the poihtsjon,
¢achlspark are averaged and the averége coordinate is stored. All theﬂ
points lying within <the gaps but not assbciatcd into sparks,. as well.
as all those lying outoside the gap search regions arc ignored'by the

rogran and regorded as noisc digitisings.

The reduced data is packed and stored on magnetic tape, bub
befors doing this.it moy be necessary 0 apply some cbrrcCtions to the
spark coordinates. Iirgstly, the film mcasurlng device may be .one of .
those relying on dynanic 0¢1Loratlon techniques to correct for drlftss)v

CBT scanner at CERN requires a regular qglibraulon cvery two hours or so.

and non linecarities in the ocann;ng.rgutqr. For examplc, the Lu01olc

In this a grid of straight lines crossing at'45° is scanncd by the
flying spot and a'progrﬁm finds. the coordinates of the intersections
in the Luciole roference system. These coordinates are *hén cémpared
with cccurate microscope measuremcnts of the grlu points and a correctlon
map is set up in the computeV ' They after the mcasurement of any frome,
2ll the spark neasurenents nave to be corrected by an anount whicn is
found . by.interpolating bejnuen the four‘pggyggt‘gr;d p01nts.

\ Sccondly, somc correctlons mlch* bo neccssary due to thc modc
of operation. of the.spork cnambcrs themgelvos. Ofucn, thc ccntr01d of

\
a spurk is not tno bept point to glVC as a meabur Chive In fact, the

ot ety
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combined coffects of clearing fields and slow rise times of the pulsecd

voltage nmay anplify the scatter of spork centres from an inclined particlc
traaectory. It is poss1ble to correct for thesc cffects by neasuring thc

» park at a convenient plane. in the gap rather than in the niddlc. ,

This plane where the various electromagnctic offects almost cancel, can

be enpirically or theoretically calculated for cach spark chanber,

If the sbark chanber . is in a nagnctic fieid, .onec has also to correct'for ’
systematic displacenents of sparks caused by the combined effcct of thc

nagnetic and electric ficlds on the ilonised gas.

It has been observed that the statistical distribution of
spark distances fron- particle trajectories has an ren.s. of 0.18 rn along
the gops when all the blases have been removed and only the effect of
drifts of the primary and secondary electrons produced in the ionisation
brooess are includecd, When a very accurate flying spot digitiser, such
as on HPD, is used in gonnection with good quality film, such as that
shown in Fig. 5 (space=filn demagnification of ~ 25) one moy obtain
. a comparable figurce (0.20 mm) for the TeleSa scatter of sparks around

the rcconstructed traaectory in real spacc.

2.4 Pattcrn Recognition

This data hondling stage is concerned wilth the pattorn
rccognition of the events from cnongst all the spark neasurcnents
~supplicd by Stagc 1. TUnlike tho scanning girl, who: takes meosurcnents
in an orderly fashlon along the particle tracks, carefully ayoiding
all kinds of background and thus performing during the mcasurement
the rccognition of the event, Stage 1 programs systenatically neasure
all the sparks gap by 0P They arrange them sinply in o left t0 right
~order, scparatcly for each gopy without ottenpting any corrclation '
between gaps of the sane view (track rccognition), between views of the -
© sane chanber (track,matching) or between chanbersuof the‘sanc‘picture

(event recognition)..
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The pattern rccognltlon programs have. flrgt to concentr te

'on cach upurk chamboer view eparutcly end sclect the sparks vhlcn bolong

' - to the same track. This clectlon mwy be' complicated by upurlous or

nis sing sparks, crogs1ng tracko ctc. When this opcratlon is conplctod,k,
ﬁho computer menory contains arrayo‘of spurks ordcrcd qccordlng to the
 various track inagcslwithin cuch view. Background sparks havc been

#cllmlnﬂtcd and the total amount of data is. thcrcforo furthcr rcducod.

~ inother ordering opcration‘ié then ncccééary, to soicct
corrosponding’traéks_in the two storco-vicws. This is particulerly
'difficult when 90O stercoscopy is used. In fact,>ln this casc ell
'céﬁbinations‘lcad,to geondtrically acceptable solutions. The scanning .
giri is traindd to basc hor choice on a varicty of criteria somo of
which depend on information aveilable on film but not nécessarily
available aefter the digitizer opcrgtion, for'cxample'spark‘width,
intensity, shape etc. Cnc of thc‘solutions.is-suggested by the ,
occasional inofficiéncy of spark chambcrs. on any track, one or more -
sparks nay be missing and therefore one: can check that corresppndi@g'
- sparks arc cithor prescﬁt:or absent in both views of the same tracks
Another mcthod consists of causing, by means of a prism,.d"dispIQCQ-'
ment of all the spark imeges in onc gap. On the picture they appear ‘
- %o be off the track by e distance proportional’ to thc spark depth
in thé chamber as scen in +h°t viecw. This may holp the track matching

in casecs where the first mothodvproves inadcqguate.

, Durlng this rocogn1+1on phasc, background tracks which
ihavo becn s1mu1utod by f£il m scratchcs or made up by spurlous spurks
I' arc romovcd. So, w¢ are ondJ.no up w1th ordcrcd sets of sparks, much
1'+hc smme a.u hogc which would hevo bcen obta"ncd by moasurlng the

nﬂcturc by hand except for onec more correlatlon step.‘
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To complete the pattern recognltlon we still have to
associate these tracks into a consistent event. This 1s done by looklng
for trajectories which continue from chamber to chamber and by finally
retaining only .those ffacks which are essential to the description of

. the interesting evenf.

The event selection or scanning criteria are applied through-~ .

out Stage 2 programs as soon as the necessary data are available. If‘an ’

event passes all the tests, it iszlabelled "good" and the ordered co-
ordinates of the sparks are storéd on magnetic tape. The méaSurements
are still related to thé’digitizer coordinate systém. They form the -
input to»StagGEE programs which' carry out thé'geometrical récqnétruction
in space and subsecquently. the dalculation‘of the various kinematic . .

quantitics.

If the ovent fails to pass a scamning test it is immediately
rejecfcd and a coded rcason for the rejection:is given. . All this
information 1s accumulated by the accountlng sub-program which at the
end of each roll of fllm prlnts out o summary of the automatic scannlng

performance 1nclud1ng thp dlutrlbutlon of the pictures into the varlous

.event classces

This distribution can be compared with what is expected and
may thercfore represent anbthcr,useful‘coﬁtrol over the performance of

the dota processing system.

After ‘having dlscussed what pottcrn rQCOgnltlon programs have

to do, it will now be shown how they do it.
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/ 2.4.1 Lincar Tracks

'Methods'for‘linoar track recognition may be divided‘ihto two

" categories : those using local scarch techniques  (track following) and
thosd based on global approaches. Track following methods usually invol&e
starting looking for spa;ks at 6ne cnd of -the chamber and associating
them into tracks by critcria of closcness whilc progressing towards the
‘'opposite end of. the chamber. Global methods make usc of all the sparks
simﬁltaneoﬁ 31y and”fn ouf cxpérionce give better results becausc they

U are gencrally 1ess son51t1vo to missing hits and background sparks 1y1ng

nesr the t acks. Ono mothod of this typc will now be descrlbed.

Let us indicate by Y (i,j) the general-element of the avail-
able spark array. It rcprescnts the Y-coordinate.(i‘cg the coordinate in
the direction parallel to the platés) of the -j-th spark of the i-th gap

(i = 1,2 «.e. 1 is the gap number in an n~-gap chamber).

The purposc of thc nethod 1u to roarzangc thesc data into un
1 array containing the spork meosuromcntu of the recognlzed tracks,
Yy (i,k), (cooralnatc of the spark in the i-th gap which bolongs to
tho k-th track). | o

A track is defined as o sct.of sparks which all lie within -
o road 6£ vidth 24 centred on a straight 1ino through two sparks of
', the scté No two sparks must come from the scme gap and the set must
contain o minimum nunmber, t, of sparks (24 t € n). The slope of the base
‘lan must be hotwoen two given limits, 8 and 52. The two sparko
dcflnlng the road may be any pelr from the set which .allow the above
condltlonc to be fulllllcd. The paramctcrs t, d, éi and 8o are goncrally
different from chambgr to chamber. They are transmltted to the track
scarching routinc as port of the calling scquencc and tell it tho
.thrcshold condltlons to be satisficed by physically p0581ble and acccptablc

tracks.



» tThé track scarchiﬁg routine sclects two gaps such that their
sbark content be minimum and the distance between thém be maximum. ,
It then constfﬁéts the lines connecting thc sparks of onec gap;to thoéé
of the other in all possible Waysj\Each linc whosc slope s iSvincludod,“ 
in the fangc s,fé s :é-szkis chosen 1o .become the axis of a road of
© width 2d traversing the chamber. The number of sparks inside each road
is counted in turn and if it is greater than or cqual to 1, tho track
is accepted. When a track is~acce§ted the spark coordinates arce moved
(and‘crased) from the Y to the Y, matrix. If no candidate fulfils.the'
conditions imposed on a track new pairs of gaps are tried out. The
iterative procedurc converges because sparks are removed from the .
original array either becausc they belong to a track or beocause thoy;are‘
regarded as bdckground having failed to form tracks in a sufficient
number of trials. After o few iterations the number .of non-zcro clements

in Y falls below anyworkalle amount and the procedure is terminated. -

This algorithm'has been progremmed and used aslé general.subf
routine in a wide varicty of cases. A few variations are used in spcci¢1
 situations. For example,.in some cases it may be difficult to fix a-
valuc for t which cnsurecs efficicnt reccognition. This value is‘normally
chosen to be necar cnough to n.to avoid the‘rccognition”of tracks from_
background sparks and at the same time low cnough to avoid loosing tracks
with a very poor spark contents. One variation of the program'automati5
cdlly.dccrcases the threshold from a maximum to a minimum vqlué1during'
the scarch ¢ Program.variants also exist where the half?rqad width d is
recalculated as a function of the track slope, and sovon.,Itgié worth
cuphesizing that algorithms like this arc normally Qéded in“FORTRAN‘ |
as indopondcnt.subroutines,'and may be called to perform their task on ,
chambors of any sizc and with any number of tracks, .for film or'filmlcés

experiments.
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2. 4 2 Complc Pwtterns

» The examplc givén in the preeeding section concerns one of
the most'ol¢mcntary spark aggregates, the lincar track. -In spark chamber
experiments ohd has often to facd_the'problom of rocognizing.more
Compléi patterns, such as tracks having onc or more vertices in the
chamBoi volume (V's, kinks, stopping particles), showers, stars, tracks
and vertices 'in o magnetic field cte. ‘ ' '

Fig, 7 gives oxamples of the spark patterns most commonly
‘encountercd. TheAautoﬁaﬁicyrocbgnition of all these Shapes.has been
successfully achieved. o N

Fig. 8 shows an event of an experiment on the B pafamétcr(
of the N decay performed and onalysecd at CERN, vhich contains four
different poatterns, i.c. linecar tracks, V's, kinks and range mcasurc-
ments.

Aé the complexity of the picturc increcascs, the difficultics
and fhc sizcs of thc‘pattcrn rccognition programs rapidly gY0V,
Complexity nmay incroasc for o multitude of rédsons, such as topology
of the event, background, prescnce of magﬁotic field, chamber in-
officioncy, film quality, optical distoftions, multiplicity of chambers,.
views, tracks, vertices, ctc. ?oday,'cfforts arc being devoted towards

the automatic cvaluation of pictures of an increasing level of

. complexity. Mcthods for thc rccognltlon of curved tracks and V's in

o magnetic field have becen rcportcd in rof. T and 8 Techniques uubd
at CERN for a varicty of cxperiments have been rcportcd in raf. 9,
10 and 11, - |
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2.4.%2 Usc ofaﬂraphical,displayé ’

\

o : o
, 'As soon.as onc proceceds to very intricatc‘track patterns, .
the computer bcginé to. show sdmo limitations. This is a reminder that
.the computer was not-specifically designed for two-dimensional'pattorn o

rocognition..

- In order to-help the systcm %o overcome these difficultics,:
it might be dosirdble to insert a man in the processing chain, in some
particular cascs. Therc are, nowadays, very promising technigues vhich
allow man-machine communication via graphical display"interfaceé. L
.Programs uhlch mey facilitate the rccovery of ¢vents lost by the aufo—'
matic systcm have been rccently developed ot CDRN These difficult
events arc displayed to an operator 31tt1ng in front of a CRT consolo.
He interacts with the program by mcens of alight pen and a typcwrlter
kcybddrd.‘Ho'is asked to supply all information which may facilitate
the -task of thc patitern recognition program. 4 limited nﬁmber of 1ight‘
pen operations may bc‘pcrmittod,‘such as indicating background sparks,
poinﬁing out the single sparks bolongipg to & traék, selecting the

~answer to a computer question among'the various displayed choices ctc.

By these mcthods onc hopes to recover a good fraction of the
. reiccts. The advantage over manual remeasurcments are of many types :
homogeneity and high prceision of tho measurcment. is prcserved;4thc‘£imcf
involved iS‘siﬂnifiéantly lcss; al'bfby displajing thése rejeected cvents
onc axy learn how to improve the programs and therefore avoid- furthcr

rcacctlons of the same type, one noy tcst new idees eas1ly otc.k~- o



2.5 State of the Art

During the last years the development of relia blo'film'
- measuring devices and sophisticatcd data processing progr¢ns hos
made the auﬁomatlc ana1y51u of spark chanber fllm a4 working, viable

method suitablo for experiments with large numbers of pictures. .

The pfosence of the computer connéctod on-linc to thg
scahning machine, has made the measuring prdccss~fu11& automatic‘dnd
highly flcxiblo.‘Digitizing speeds of the order of a second per framc
and pr001olono of a fcw mlcrons have been achicved. Because of thcse
gpcods and prccisions it has often been. pos31blc to plan spark. chanbor

experinents which hardly would have been.posolblc otherwisc.

The prescent state of the art can be summarized in two

statements.

Firstly, the pioncering age of carly developments and
~successes 1s over. One is getting organized for moass production of
results. At CERN, we have two flying spot digitizers used almost
éntircly for spark chamber work. We. have made our programs as much

os possiblo device- and cxperinent-independent, thus minimising
re-programnming efforts; and we have managed to measurc .about three
millions picturcs belonging to sone 15 different coxperiments. Recently,
it hes been possible to.perform the autonatic andlysis of film within

o fow deys of its being oxposed at the CERN Proton Synchrotron.

Sccondly, onc has lcarncd how to process modcratcly complex
pleturcs. It scems that the price onc has to pay for a rupld advance
in this way, is to make,somo concession to thC'ldCul of full automotion.
Computcr tine ond prograom complexity can be notlccably reduced by »
introducing somo- humanlguldanco. Today, there arc two plﬁ.cc~ whoro ‘tho

nan can profitabiy holp_ﬁithout creating scrious bottlénécks“: this is
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at the scannlnr tavlc, vherc he can guickly decide which picturcshaVC'
“to be neasurcd and he noy add sore useful information about the cvents,
and at the CRT &isplay, where'hc_ma sort oﬁt conplex patternS'rcjécde
by the automatiékrccognition programs. This is rcgarded at present as_‘
an acceptable compromize, since if\brovidcs a workablec, cconomic -

solution without sacrificing spccd or . precision of measurcnent.

Future trcnds-arc-closcly related to advances'in'filmlcss
techniques. Tor simplc topology cventé physicisis arc alrcady us lnr
wire chqnbcr° rathcr thun taking plctu¢cs. Gradually wirc chamber
perfornance will be lmprovca and it will be possible to carry out
multitrack cxpoAimcnts with precisions d resolutions compurdblc

with thosc 'offercd by photogrophic methods.

At the “ﬂmc tine the ﬂctivity of the automatic film handling
sy s cens will be Drogrc °1vcly conccntrutcd at the conplex cnd of the
job spectrun (non-lincor-multi-trock cvgnts, wide gap,gxpcrlmcnts,
gtreancr cnﬂﬁocrs). At CERN, as well as in the U.S. and.in'U.S.S.R.;
there arc plans for large magnet spark chunocr cpcctronotcr systonms
,withfphotographic read-out and thoere ohoula bc work for quite some tlmc

n

in that f$vl& or the fiim ncﬂ"urlng devices.
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3. FILMLESS EXPERIMENTS

The advantages offered by the ohfline operation of spark

' éhambers over  the classical photographic'ﬁethod are quite impressive.fl
.Some of them cdme fron the use*ofcwire chambers,themselves; somé fromﬂf’
the on-line comﬁuter; The two groups are treated separafely in the N
discussion below,‘but it is clear that it is the combination of‘thesev‘

. two componenﬁs‘which-makes the overall system so powerful.

”ﬁWire"chambgrs;make‘film,ﬁnnepessary and therefore their use .
removes‘allgsorts‘of setting~up problems connected,With-adﬁﬁiiéatéd
optics. If they are gseg‘inside large magnets, large holes do not ha#e
to be made in the magnet poles in order to provide an 5ptical path. -
between the‘sparks and the camera and so the magnetic field is more
uniform. During dat@ taking, wire chambers can be pulsed'at rates
which are one or tWO(orders of magnitude higher than those used for
optical chambers. The analysis of thé data is simplified: there isl‘
no need to ojerate a fiim scanner, to reéognise fiducial marks or .

' sparks, to decode data box information or to correct for d;ﬂtortlons“k
in the optloal system.’ Informatlon about an event is readllJ avallable

in dlUltal form.

The. on—llnc cowvutex may excer01se a pO“ltlve 1nfluence
on the regular progress of an experlmcnt in many ways . Durlng the
setting~-up phase, it may be used to checkvthe performance of the
experimental equipment to which it is directly connected, Vefifyv
dhamber'élignment, display beam.profiles, etc. Ail this results in
‘an effective decrease in the time which normally has to be spent

before starting the actual experiment.



'1When the experiment is running, the most obvious use of the
computer is as a fast device whioh,'with‘the help of its own large -

storage buffer, oan'qontrol the’acquisition and transfer. of large

. volumes of data. The recording of 1nformation is also simplified be- s

cause the computer can make use of its own magnetic tape peripheral
equipment. All this makes the collection of large guantitles of data
relatively easy. But the computer may also play an important rdle .in
improving the quality of the collected data. By performing‘checks on
the data, it may detect equipment failures, abnormal valnes of some
of the data\whioh should then be checked'in:more detsil;.systemetic

shifts in the expected values of certain parameters and so on. This
real-time fcedback is invaluable and may result in the acquisition
of better data. ' '

Finallj, the on-line computer can be used to process the
experimental data. Depending‘on the type of experiment, the-event
rates, the computing requirements and the available processing |
capacity, one may be able to analyse completely all the data on-line
or one may carry out only some calculations on sample events., The
calculated results can be conveniently presented to the physicist -

~via digital or graphical displays. The phys1cist may interrogate |
the on-line system, asking for one of many possible sopnistiosted
'displeys, thus making sure that everything proceeds as‘expootea,"
Alternatively, the availability of physics results during the ‘
course of the data taking may suggest changes to- the experimental"
conditions or to the strategy of ‘data collection..Thls ability to
produce some physics results in real-time is a most attractive
feature of on-line experimentatlon and one which is not available
with any other technlque. Clearly, the on—line computer system is
an extremely powerful tool and its potential capabilities have not

yet been fully exploited.



) To conclude this . 1ntroductory note one could emphasize the
1mportant consequences of computer-assisted experiments in terms .of
more efficient use¢ of the accelerator facilities. In the near future;,:
it should be possible 1o organize. the experimental activities so that

the amount of beam time lost duringusetting-up‘perégg§_;§;minimized‘
and tho.rate at which useful information is coliecfed is maximizeq,‘
In all this, ﬁce computer is going-to play an increasingly central

~_~ AT .
TCLCG

3.1 Data Handling Philosophy

Ideally,lone would like to see every electrcnic experiment
equipped with an on-line coﬁputei which is powerful,enough to perform
‘211 the important functions mentioncd above. But if one tries to lcck
at all this in the perspeciive of a lapge laboratcry,'wherevmany such
eiperiments are on the floor at any one time‘each.one being at a .
differcent stage of progressland having its own-charécteristic‘data
1rates g¢tc,, one recalises that therc is no eimple, economic and safe

~solution at hand.

? Thcre are large fluctuations of computing ﬁemaﬁd as thc‘

, experiment procecd. and from one experiment to another. The solution

which consists of giving cach experiment its own private computer

chosen to cope with that experiment'!'s peak demand is relatively

‘simple and safe but certalnly not cconomlc. On the .other hand, a

- fully centralized, malti- experlment on-line computer complex which

can offer each'ekperiment the services it requires with sﬁfficient

reliability'dOes not secm to be practicable in the immediate future.

tems of this type have been successfulxy implemented in other

~clds, for example in low encrgy nuclear physlcs, wherce the requlrc-

ments imposed by the type of experiment and the.data rates are
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fortunately matched Ey what'the.computer industry is able to offer
at the moment. 'So, while the high energy physicist waits for the '
super-computers of to-morrow, some interesting compromise solutions

" are being adopted. At CERN, for example, the present tendency is

' "towards the assignment of a small- to-medium size computer to each

* on-line experiment. ThlS 1s used for the essential data acqulsltloﬁ
tasks doing a minimum’ “of experlment monltorlng, then the bulk of the
data is processed off-line by'the central computer facility. An |
attempt is also being made to link small computers tovthe centrel
fecility‘in such a’ way that the extra computing capacity needed fme
time to time for ‘the anai*js'is of eévent samples can be stupplied directly |
to the experimental area(FOCUS proaect) These methods will be deucrlbed o,

’*

in the next sectlons.

To day, with some rare exceptions, hon—line" experiﬁents ere>
evaluated off-line. In so@e ceses the'compﬁting requirements are so - .
large that a computer capable of'ﬁﬁng‘eVerything'on—line does not exist
now or in thetforeseeable future. In the great majority of cases it
would be too expensive to make the necessary eamputing power'atailable
on-line. With the help of FOCUS-like systems.or by eny other means of
accessing remote computer installations . (deta links, "bidycle‘onuline"'
etc ), one can supply 11m1ted computlng capacity to carry oust some
immediate calculations on sample events, thus ensuring the correctness -
of the recor@ed data. In the most common data-handllng scheme, the '
small on-line computer is merely used as a setting-up aid,fes data

acquisition and recording device and as a quality control instrument.

3.2> Programming the Computer and on-line

AN

Many different models of computers are being used to service
on-line experiments, but the following charactepistics are typical ‘s
core memory from 4 to 16‘K words of 16-32 bits and a cycle'time of

one or a few microseconds; central processor with fast fixed point
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arithmetic and logica1‘0peretions, flexible input-output system with
fast buffered channels, direct memory access and multi-level interrupt
facilities; two or more;magneﬁio_tape units, card or peper tape' |
handling equipment, on-line typewriter and some display units (CRT,
plofter, glow linc prinfer),,Small disk memories have been introduced
in the most recent systems and allow 1ncreased programming flexlblllty.
Examples of computers in use at CERN for On-llne experiments are the
IBM 1130, 18Q0, 360/44, SDS 920, PDP 8 and PDP 9.

Fig. 9 shows the typlcal conflguratlon of an on-line
-computer system.,. One may notice the s1m11ar1ty to the system descrlbed

in section 2.2 for the FSD operatlon.

The on-line computer is proéfammed to perform its various
tasks under the control of the interrnpt facility. An interruot is an
electronic signal sent‘to the central processorvfrom the experimental
equipment or from any component of the computer system (channel, type-
writer, tape unit'etcn) %o indicate that certa;n'conditions have been
met. For example, that the ccordinates of an cvent are ready for trans-
mission to the computer or the writing of a record on evmagnetic tape

igs terminated, etc.

The interrupt causes the processor to stop any current aotion'j
and to glve control to a sub—routlno which identifies the reason-for 4
the 1nterruptlon and then takeg the apprOprlate action. In a flex1ble
priority interrupt system, 1nterrupte may be honoured 1mmed1ate1y or
action may be delayed dependlng on thelr level of priority. The various .
priorities arc assigned to the 1nterrupt condltlons taking into account

all the combinations of 1nterrupts which may ooour
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One procccdg by ass1gnlng the hlghcst priorities to the
prlmary functLons such as the- 1nnut of experlncntal data or the g
‘outnut of cvents onto tapc and assigning the lowest prlorltlcs to
.the act1v1t1eo connected with slow pcrlnheral equlpment (c.g. plotter,‘
“linc prlntec) or with manual interventions (c.g. typewriter). One

‘level df’computcr activity corrosponds'td cach level of priority.

At aﬁJ one timc the computer carrics out calculafions af'
a certain level. Any higher level interrupt causes the control to be -
transferred to 2 more urgent actlvlty. When the interrupt has»been-"
honourcd the domputer carries oﬁ‘with the task which has thc next - ‘
lower level prlorlty The 1owe t possible level is normally uscd for ‘
background computatlons such aﬂ.recon°tructlon of some events, ovalua4
tion of certain klnematlc quantitics ete. olncu the interval botween :
accclerator pulses is uscd for data chccks and rccordlng 0pcratlong,
it is often an advantage to synchronlze the: compuucr and the accele-

rator cycle by providing an interrupt signsl when the cycle beging.

Many other interrmpt signals may be sont to the computer
from a variety of instruments in the experimental arca. Conversely,
the computer can output electronic pulses to control external

equipment.

Codlng tho programs is a non~trivial task. Tlmlng problemS-ff
havc to bc takcn 1nto account; to pced-un the' execution .of the-
varlous on—llne aCthlthg, a considerable portlon of the code is

wrlttcn in besic asscmbly language. .

thn alcks are avallablc, the program overlays are normally
"storcd on’ thcm and arc loaded 1nto ccntral memory ‘only when they are'
necdcd Only the most frcqucntly used routlncs ‘stay pcrmanenmly in

corc memory. A part of thc mcmory is rescrved forvan input buifor
_ oy L

'
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which receives the data read duting thc\uccelérator pulsc. This data |
con51sts of the readings of scalers, parameter and pattern unlt
.501nt311at10n counters and wire chambers.
) ‘ . ; "'\\ . . ) ' v -

When the accelerator interrupt signals the cnd of the burst,
scanning of the buffer begins. Several'kinds of statistics arc kopt
(for example the numbei of events per pulse, the‘nuthr of wires hit
in each plane ctc.) and a variety of Simplc consistency cthks arc
applicd. If some check fails or if some result is obviously incorrect
the computer‘prints out an appropriate warning mcssaéo fdr the operator -

who may in turn ask thc computer to output summarics from time to time.

The experimentalist may coﬁmunicate_with'the cdmputor in‘many,
ways (typewriter, scense switches, card'reader,‘etc.).'ge mdy request

| that specified programs be loaded into core and,execufcd one at a timeQ

Generally these optional programs contain scvéral tests and‘analysés 6f

the collected datco, output of hlstograms of beam: ‘profile, wirc chambor

olignement and resolution, numerical and graphical output of. gpark

patterns, various tape hand1¢ng ut}llty progra;s thf - _ w,—;;%fff
The man—machlno communication is grcatly facllltatod if a

‘ CRT-displuy is used, becausc this device is capable of showing on its
screcn larpe amounts of information in graphical- form, i.o. thc form
which 1s best assimilated by cye. If light-pen is also available,

then rhc exporlmcntallst may usc it as a powerful mecans of lnput to thc
compubter and thc potcntlalitlcs of the on-linc system arc much enhanced.
For cxample one can point at a track. and'havc it reconstructed by the .
computer, onc can 1ndlcate a port of a- hlstogram and have lt onlarged,_
or ocnu may find it uscful to plot some quantities in a varlety ‘of Ways
in order to undecrstand some: ubnormal bchav1ous of thc cvcnt dotcctlon
ctc. However, the usc of thls oxponsive equlpmcnt ig still qulto '

llmltcd and its potontlal applications have not yet bcen fully oxplorcd. '
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A1l the rccorded events have fto be automatically fccognisea‘
by tho.secon& stage programs. CRT-based human guidance before the
paftcrn rccognition, and recovery procedurcs afterwards arec téchni-
-cally possible but may be impractical-in view of the very high number
of cvents involved. This precludcs any kind of manual rcduction; all
the recorded triggers normally go through the autometic analysis |

sequence.

The tcchniqucs.adopﬁcd for track and cvent rocognitionfaro
basically the samec ag thosc used for film cvaluation. The stcreo-viows
of optical chambers arc replaced by the uncorrclated groups of coordi- .
nates from the two orthogonal scts of wires.

- : ’

The pattern rccognltlon programs may at- the moment look
simpler for wirc . chambors because these detectors have only been used

so far in cxperiments with simple event topology.

The savings to be gained from the use of wire chambers are
confined to thosc programs in the first and third stages which rccognise

the sparks and reconstruct them in real space.

The status of the software currcnily developed for on-line
cxperiments clearly indicates that the pioncering age is not yet over. -
Programs arc tailorcd to the respective‘exnc*iments, flexibility'ang,c-
sonh1s»10utlon have not yet Lccn scriously attomptcd and valuublc ‘
cxperience is still being uccuﬂulated - Soon, uhe software sypuem w1ll
have to be morc carcfully planned, and thc cxpcrlence galﬁed w1th

filme will be very helpful.
There is still quite a lot to be lecarnt in those arcas.which

arc 7 rtlculur to on-line experlmcntutlon, c.g. data acoulsltlon bottlc-,

nccks, effectiveness of the real-time;feedback, etc.‘When tho computer
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ié-difectly cbnnocted to the exéerimontal equipmént, any limita%iohs:\
on the data flow through the system may slow down' thoe wire chambcr |
' opcrutlon. So thc same limitotions whloh would “have roduced thg
"throughput of & flylng ‘spot ul”ltlSur now causc the loss of expcrl-
- montal data.- These limitations arc genorally related to the speed
and capacity of computer's central memory, magnctic tapes, disks‘or
any other storagc média. At present; wire chamber requirements arc -
growing fastcr than computer performance. Often the cémputor uséd forf**

“onc cxperiment is too small for the next. If the. computcr 1s °ufflCl-'“:

"ently powcrful, then the.bobtlgneck may move to tape operatlons.
Exporimonts‘dre being plgnnod‘which could fill a magnétic tape in-
less than five miﬁutc . This raiscs big qucstlons of data munagcmont;'
of temporary and permanent storage of the cxpcrlmcntal data at the
verious data procussing stages, of processing speed, of program

optimization, of machinc language coding ete.

3.5 Intecrconncciion of Computirs -

One way of »pr ov1d1n~ the pos sibility of real-time foodiﬁg“
wack of partlal physics rouu’ts is by connoctlng the small computer‘
by remote access links to a large multiprogrammed system. Such data;‘:
u*an smission links havo been used in recent years to conncct small
computors to 11*go ones. At CERN, some time ago, onc oxpcrlmpnt u31ng5
sonic spark chambcrs was controllod on~11no by an SDS 920 computor.,-7

-which was in turn connccted to the large CDC 6600. 12)

The SDS 920 collbcted the raw data,<rodﬁced it by making
some °impio checks and stored it locally. For a'fow hdurs‘éaéﬁfddygij}‘v
the reduced data was also transmitted to the. 1argo computer through :
tho data link 13) and was analyscd. The large computpr dlsplayod somO'”
of the fosults;'and it was impressive to sce, for cxample, mis 31ng o
mass spoctra plotted on a CRT and: contlnuously updatod at tho s&mo

time as data was being collccted.



Morb recently, it has bcen apprc01atcd that this type of

t service t be available for several on-line expcrlments, s1multaneou«ly
A progect callcd FOCUS 14) (an acronym of "Facilities for On-line Compu—'
tatlons ‘and Updatlng Serv1ccs") is being devcloped in the duata handllng

" division of" CERN. It is bascd on a CDC 3100 computcr oqulppcd with 8M

: characters of dlSk momory which will be 1nsertod as a data-traffic '
switchyard betwcen the various small compﬁtors and the big onos;¢Its*‘”’*“~—
. task is to collect requcsts foi‘éervicc from the on-line users and if
nccossary to transmit programs and pogs1bly the date to he proce ucdbto

the 6000 serlcs computcrs for cxecutlon Roquosts to FOCUS arc oas1ly
sp001flcd on teletype and may 1ncludo l) compllatlons and updatlng.of )
.programs, 2) cxecution on the lqrge compufer of sclected uscr-progrgms:

with specified data filcS, j)‘tcmporary accumulationiof samplc cvents;
coming‘frdm the‘oh-linc'computeré %ia data links, 4) exccution of .
analysis programs‘on thcse'expcriméntalldqfa,'5) return of desired

resulté to the users vid their small computers or on the FOCUS tele-

types cte.

~

Thls typc of fa01llty should bc very useful for the on—llnc
cxpcrlmcntal groups both in the setting up. phase when they have to
check out their cquipment and thblr program at the samc timdg and 1n.thq
data taking phase when thcy w1ll be able to execute a varlcty of
programs on samplcd events, changlng analy31s condltlons from- thclr

tcletype in a very flcx1ble way. It should prov1do a valid check on

- the quelity of tho data rccordcd and furthcr mcans of cnsuring

officiont control ‘over the progress. of the cxpcrlmcnt.

Comparcd to the. diroect connection batween the sﬁall
computer und the larpge one, the FOCUS syptem should offex. the same
advantages (avallablllty of computlng power, compIIEfTﬁassomblcr and
llbrary routines of a largo central installation) and ovcrcome the

disadvantages cxperlcnced (dlfflculty Qf access during dcvc}opmont
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-and testing of- hardwaro, fixecd- chudalc of tlmc during data taking,
,lack of fnc;lltlos to modify progrnmo during on-line runs , incfficicnt

use of central computcr cte.).

FOCUS is mcent to providc o rcgular;scrvicé,VZO-ZZ hours
pér day. It will‘havd‘dcécss to the two . compatible CERN central
‘computors (6600 and 6400) for the cxccution of uscr programs. No_
exccution of programs will oceur in the 3100 which will only be.
used for file manipgiatibni From the point of vicw of the central
conputers the 3100 is just dﬁ“inpuﬁ/output station. Job input files
received from the 3100 arc dddcd to the Quauc of waiting Jobs, but
arc assigned a high priority. It is bolioved that an adeguatc
responsc time will be obtaingd with a minimum pf modification to

the present SCOPE operating system. -

3.4 Gonclusion and Trends

B -Wire- chambers connected on-line to computers scem to form
an cxtremcly promising combination for the ycars to come. Tho
‘physicists who have had a chdnoc to work with such systcems describde
their ﬁniQuo‘feqturCs in cnthusiastic terms. It is cortainly of .

E ufmoét importancy to bu able to change ‘the experincntal conditions
‘,during‘a’run, tius making best use of the accclerator facilitics.

But physiéists alSQ QPPTQClutU the practical and psychological -advan~

rfagcé of sceing thé.fcsults of the oxperiment soon after the acccle-
rator run and.of»havingfthd delays botween the design of the cxperi-

ment and the publication of the results cut down.
In view of the trend towards hlgh-stutl tics: cxpcrlngnts

and the cons cquont 1nportanu ralc of upark chambcrs*wthosc tcchnlqucs

should be uscd in fuuuro by a growlng numbcr of uxpcrlmontallstu.‘
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Now progrcss has +to be oxpcctcd in the. flbx1b111ty and
“sophlstlcatlon of the data handllng systcms (better softwaro, more

'fa0111tles, 1mprovod pattcrn recognition ctc.) .

:One should also sce tho computcrs belng morc oxtbns1vcly
?used for the. automatlc control of exporlmontal cqulpment, porformlng,
for cxunplo,vsystomatlc chccks and adJuctmcnto of parancters such ag’

current, voltage, ctec. in a varlcty of 1nstrumonts.'

.
N

Phys1c¢sts w1ll be 1ncrea31ngly 1ntcrestod in hav1ng morc ‘
Icomputlng capa01ty avallable during on-llno runs. Thls may bo achlcvudg

by furthcr devcloPment of 1ntcr-conputcr conncctlons.

One can also expdcf a growing interest in the communicapibns
.mcans’bctwoch'the experimcntaliét and fhobcqmputcf.,Graphich'CRT'dis—
':Wplays—with”bdth input and output‘fdcilities scem to have a'numbcr of .
attractive foaturos. If thCy become lcsé 0xpensiVe thcy could be an
ideal tool at the various data handling stagcs; on-line, as o nonltor .
of the exporlmont, off—llno as a means of s001ng and rccovcrlng dlffl-- :
cult cvents and as a poworful analysis aid 1n the last. phase -of,thc .

experiment evaluation.

A synthesis'bf these trendq'may bc found in the prescnt\plansf

. at CERN for the Omega Project. This proacct envisages a very large

nagnct With spark chambers fllllng the gap between its polcs. It would :
. be operated as a kind of,"clgctronlc bubble chambor" with prov151on,
for optical and dircct digital read-out of spark positions. The:data"
handling: system proposcd for thls project would use “the varlous

) fac111t1cs descrlbed in thesc notes both for the automatlc ana1y51s

':of fllms and the cvaluatlon of | on-llne cxperlmonts.

B
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B lixone OUAU no npumenenuio 3BM B sapauax skcnepumeH-
TanbHO# ¢nauxy, mposenenHo ¢ Smo 19 mas 1968 rona B r. Anywre,
6Lt MPOYHTAHBL! CAeAyKliue JIeKUnu:

M, [LMEUEPAKOB (OUfIH) Bponnme saMeyaHus
1. 3BM u nporpamMmuas opraH3auns MX paBoTh

r.M.3ABUAKHH (OUAH)
3BM B 3ajauax 9KCNepHMeHTalbHOH (UIHKH

E.JL.KANUHUYEHKO (OHAH)
CTpykTypa cospeMenHbix 3BM

A.AKAPJIOB (OUSIH)
CHC-1604A 1 opraHuaauns BBOAA~BBIBOAA Ha 2TOfl MauuHe

B.H.[IO/IAKOB (OWSH)
Bonpoch! conpsixenust 3BM ¢ eremnuMm o6opynosanneMm

O.JI0P0. (LEPH, lliseitnapus)
Mpumenenue Manax 3BM B sKcnepaMexnTax Ha JRHEH

", C.C.JIABPOB (BII‘AH CCCP)

CocToaune H NepCneKTHBH PAa3BUHTHA MaTeMaTH4YeCKoro ofecneyeHus
3BM

r.M,KAQBKOB (OHAH)
Xapakrepuctuky 3BM knacca BE3CM-4

IL3AHEMJIA (UEPH, Waeetinapus)
Cucrema maumnn UHEPHa

B,I1, IHPHKOB (OUAH)
flapik” POPTPAH u nporpaMMEpoBaHKe Ha HeM

H.H.TOBOPYH
CucTeMa MaTeMmaTHueckoro obecneuenus IBM BE3CM-8

B.A.POCTOBLEB (OHfH)
Mosnurop ans BICM-6

XJUINC (UEPH, Weeinapus)
Onepannonnas cuctema CKYOIl ana CAC-6600

Il ., Bonpocs o6paGoTk# CHeKTpoMeTpuyeckoll uadopMannu
WU.3BOJIbLCKH, 10, OCTAHEBHY, B, TPUXOABKO (OUAH) -
[pumenenne 3BM B cnex‘rpome'rpuqecxnx 3KClIepUMeHTax snepHoOi
buanK

R.TOMHUK, B.P.TPYEHHKOB (OHAH)
Ocunanorpad co CBeTOBHIM KApaHAAWOM KakK CPEACTBO CBA3M 4YejoBeKa
c 9BM

1.C.HEGENLEBA (OUAN)
IMporpamMmbl oGpaGoTku cneKTpoMeTquecxnx AanHEX
NI, YcTpo#icTea ¥ nporpaMmeul o6paGoTku urpopMannu
C My3HPLKOBHIX KaMmep

10.A.KAPXABHUH (OHAN)
[onyapToMaTHuYeCKHe H aBTOMaTHYeCKue yCTpoHicTBa 0GpaboTku
tdororpaduit

B.I.MHKHUH (OUAH)

Mpu6op Ans aBTOMaTHYECKOTO H3MEpeHHs $oTorpaduit ¢ ny3LIPHKOBEIX
kaMep Ha Gase MeXaHUHeCKOTO CKBHprIOU.lel"O yc‘rpoﬂc-raa THNA
*Gerywuil nyu g(HP,ﬂ)

B.I.MYPXEO (LEPH, Wseituapus).
Hamepenne dororpaduit ¢ nomowsio HP

" X.K.TYAW!l, X.,TPEMBJIE (LEPH, W'pefinapus)

Chupanbibiil HaMepuTenb

F.H.TEHTIOKOBA (OWfAH) :
MaTeMaTuyeckas o6paboTka ¢HAbMOBOR HHOOPMAUHMH C MYILIPLKO. =
BHIX kaMep OUAHU

X.3011 (UEPH, Wsetiuapna)
Mporpamma CAM3KC

A S IYKBAHUEB (OWAN)
Mporpamma FPAROH

B.T.MBAHOB (OHSH)
O nporpamme NMARTOH

r.B,MAYEP, 1.XAMMEP (FOP)
ABTOMaTHYECKHH IepeBosl MporpaMM C ORHOH BepCHH $OPT-
PAHa Ha APYrymo.

1V, O6paGoTka nudopMamuu C MCKPOBEIX Kamep

I.3AHEJJIA (LEPH, lise#iuapnsa)
O6paboTka OAHHEIX 9KCMEPEMEHTOB, MCHONL3YIOWHMX HCKPOBLIE
KaMepsl

B.H.WWKYHOEHKOB (OHAH)
CkaHupylomufi abToMaT Ha 3JeXTpPOHHO~nyyeBOoft TpybKe

W.A.TONYTBUH, 10.B.3AHEBCKUR (OHAH)
Meronuka MCKpPOBLIX KaMep and paGoTel Ha auhun ¢ 3BM

H.M.MBAHYEHKO (OMfH) .
OPPBHHGBIIHH CHCTEMBEl NMpor'paMMHOI0 oGecnequﬂn 3KCNepHMEeH=
TOB Ha auHMn ¢ 3BM

C.C.KUPUJIOB . (OUAH)
HaMepurenbHrbilt uentp JlaGopaTopur BHICOKMX 9Hepruit

B.A,HUKUTHH (OUAH)
3BM B onbiTax no ynpyroMy pacceannioc PP u P-gapo B HH-
TepBane sHeprult 1470 I'sp

A.T.TPAYEB (OUAH)
CucreMa apToMaTHyecKol perucTpauny naﬂnux‘ IIpOBONOYHBIX
HCKPOBEIX KamMep Ha ¢eppu'rax

V. Boabumne nmyawipbkoBoie KaMepht

AJIEBEK (Cakne, ®pannus)
Mpo6neMu: uaMmepenus ¢oTorpadufi ¢ GONbWNX NMYSHPLKOBHIX
KaMep :

BE.[LKY3HELOB (H$B3)
O npoexTe nponai-tpeononoft kameper CKAT



