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ABSTRACT

An on~-line system'ﬁgs been developed for tﬁe measuring of events
on bubble cﬁamber'film. Tﬁe system is controlled by an IBM 1130 computer
with 8K wotrds of core, and a core cycle time of 3.6ﬁsec. Up to six
measuring machines may be operated'simultaneously{ and the system will
also handle the collection of data from a core stére whicﬁ is part of a
cosmic ray experiment,

At present four macﬁines are operating on-line. These had previously
been used for off-line measuring when tﬁe data were punched onto paper
tape.

A comparison betweén tﬁe Bff-line system and the on~line system of
measuring reveals that tﬁe development of tﬁe latter system has resulted
in an increase in the measuring rate of approximately 507, and a similar
inérease in tﬁe percentage of eventS'wﬁicﬁ are successfully reconstructed
by the geometry p:ogramme.THRESH; "As a result, the number of events

that are successfully measured per machine per hour ﬁas more than doubled,
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"PREFACE

Iﬁis.tﬁeSis.is.an.account_of the work carried out by the author
while Sﬁe'Was wotrking under'tﬂe'éuperVision of Dr: J. V. Major as a
Reséarcﬁ Assistant wi;ﬁ'tﬁe ﬁubble Chamber’ Film Analysis Group in the
University of Durﬁém. Wﬁen'tﬁe author started to work in Durham, in
November'1967,-tﬁe Group was using a paper tape measuring system, and
was processing tﬁe data on an Elliott 803 computer in Durham and an
IBM 7044. computer in Glasgow,' Witﬁin the following 18 months substantial
cﬁ;ﬁges'took place;'and the author was primarily responsible for writing
and testing many of tﬁe ﬁew'p;ogrammes'tﬁat were required.

Firstly, tﬁe Elliott 803 was replaced by an IBM 1130 computer, which
was 1ater'linked'tp'aﬁ.IBM'360/67 computer in Newcastle as part of the
Nortﬁumbrian Universities Multiple Access Computer (NUMAC). ‘The paper
tape output from tﬁe.meaSuring macﬁines was then edited and sorted on
tﬁe IBM 1130, and its card output was sent to Glasgow. Later when the
.required'pﬁogrammesﬁweré working on tﬁe IBM 360/67 the cards were taken
to Newcastle, The heﬁ'ppogrammes wﬁicﬁ were requiréd to edit and sort
tﬁe data on tﬁe IBM 1130 computer were written and tested by the author.

The second cﬁange was tﬁe_development of an on-line system of
measuring to replace tﬁe paper tape system; Tﬁe on-line system, which
will accommodate  up to six meaSuring_macﬁines, is controlled by an IBM
1130 computer'witﬁ'SK words of core. The data from this system are
output onto disk, and are later input to NUMAC for further processing via

the Durham terminal computer. The author was involved in designing the
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on-line system, and was entirely responsible for writing and testing all
the programmes that were required to monitor tﬁe operation of the
measuring machines, to check tﬁg measurements as they were made, and to
ediF and sort the data before tﬁey‘were input- to NUMAC,

Similar on~line systems were already being developed at CERNI,

Westfield Collegez, the University of Liverpodl3, the Rutherford Laboratoties4,

and the University of Oxfords, and otﬁers ﬁave also been developed at the
Universities of Edinburgﬁ6 and Turin7. ‘These systems, like the Durham
system, are controlled by small computers sucﬁ as the IBM 1130 or DEC PDP8
with 8K or 16K words of core.

In the majority of cases tﬁe operators of the measuring machines
communicate with tﬁe computer by means of interrupts, The alternative
method which is used at the Rutherford Laboratories, requires the computer
to interrogate eacﬁ macﬁine in turn to see if it ﬁas data available for
reading in.

Most of these systems are operator dominated. That is, each operator
is free to make tﬁe measurements' for each event in any order, and she
must therefore indicate at each stage what she is measuring., The Durham
system on the other hand is computer dominated. That is, the computer
controls the order Af measuring by célling for each of the measurements
in turn, and tﬁe operator responds by making the required measurements.

A full description of the Durﬁam on-line system is given in this
fhesis. Cﬁapter'l gives a very brief account of a bubble chamber, how

it is operated, and how the film is used in the recomstruction of events,
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The paper tape measuring system is deseéribed in some detail in Chapter 2,

The following two chapters describe tﬁe on-line system. Chapter 3
is concerned with the design and ﬁardWare of the system, and describes
in detail the procedure required for the measurement of an event, In
Chapter 4 the empﬁasis is on tﬁe computer and ﬁow it is pFogrammed.
Sections are included on interrupt philosophy, curve fitting and the-
control of data transfers tﬁrough the interface,

Finally in Cﬁapter'S the on-line measuring system is compared with
the paper tape syétem, and several suggestions are given_of ways in

which the on-line system could be improved.
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CHAPTER 1

BUBBLE CHAMBER FILM ANALYSIS

Bubble ‘chamber fiim an;lysis is one method of studying elementary
particle physics. Tﬁe behaviour of highly energetic charged particles
is observed by examining the tracks tﬁey leave as they pass through a
bubble chamber. This is done by photographing the chamber with three
or four cameras simultaneously. A three dimensional reconstruction of
the tracks in cﬁamber space is made by measuring the images of the tracks
on tﬁe film from at least two of the cameras. This reconstruction is a
complicated procedure involving the use of iterative methods which can
only be carried out on large computers.

Pﬁysical results are obtained, not from the detailed observations of
individual events, but from the exémination of the results obtained by
reconstrucfing many thousands of events. In order to make s; many
measurements ,automatic digitisation is essential.

Tﬁe operation of tﬁe bubble chamber and how tﬁe film is used in the

reconstruction of the events is outlined in this chapter.

The research group in Durham with which the author has been working
is currently analysing film from three experiments. These_films were
exposed tO'the'CERN 2m bubble chamber at the CERN proton synchrotron.

Tﬁe first of tﬁesé éxperimentér is an exposure of ﬁydpogen to

12 GeV/c positive pions which was run in July 1966. Work on this




experimenf is now nearing completion. About 180,000 pictures wetre
taken, of which 30,000 were allocated to the Durham group for analysis.

.The second experiment is the exposure of 12 GeV/c positive pions
to deuterium. The films for this experiment were taken in February
1968, and the author was among those who went to CERN at the time to
assist in the running of the experiment. In this case Durham's share
of the 200,000 pictures was 50,000.

Work has also been started on the scanning and measuring of the
film taken during an exposure of deuterium to 4 GeV/c positive pions

in August 1970.

1.2 The CERN 2m Bubble Chamber

The films were exposed to the CERN 2m bubble chamber (CERN 2m BC).
This consists of an aluminium casting of dimensions 200 x 51 x 60 cmi
with plane glass windows front and back (see Figure }.;)\ It is filled
with liquid hydrogen, or deuterium depending on the experiment, and
is kept under a pressure of about 6 atméspﬁeres at a temperature of
about 27°K which is iust sufficient to prevent the liquid from boiling.
The cyclé of operations will be described in Section 1.4.

The chamber is surrounded by a large electromagnet which produces
a nearly uniform magnetic field of about 17 Kgauss over the whole
chamber. The direction of tﬁe field is normal to the windows of the

chamber.
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Four cameras are arranged so that the whole chamber can be photo-
graphed steréoscopically. Fiducial marks are engraved on the inside
of both the front and the back windows of the chamber. These provide

a coordinate system which is independent of the photographic system.

1.3 The Photographic System

The CERN 2m BC uses the through illumination type of optical system.
Three flash tubes are used with monochromatic filters in the range
4200 - 4600 £ ;.

The four cameras are mounted in a diamond éhaped array with their
axes perpendicular to tﬁe chamber windows. Their relative positions

and focal lengths are sﬁown'in Figure 1.2 and Table 1.1.

TABLE 1.1

Focal lengths and relative positions of
the cameras

-

CAMERA FOCAL LENGTH POSITION
1 - TOP 181.5 + 0.7 mm | X =410+ 0.1mm y = 600 * 0.1 mm
2 ENTRY | 182.5%0.7umm | x=110%0.1mm y = 300 + 0.1 mm
3  EXIT 182.1 + 0.7 mm“| %x =710+ 0.1mm y = 300 + 0.1 mm
4 BOTTOM| 183.3 +0.7mm | =410 0.1mm y= 0% 0.1mm

For each camera the distance between the first principal plane (object

side) and tﬁe inner face of tﬁe front cﬁamber window (the reference plane)
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is 2430 + 5 mm; Tﬁe camera plate and the film planes are parallel to
tﬁe reference plane to witﬁin + 0.5 milliradian. Each camera has an
aperture of f/32'wﬁicﬁ gives a deptﬁ of field wﬁicﬁ covers the whole
chamber from front to back,

Each cgmera views through a set of three small windows which are
arranged in such a way that the deviations produced by the different
windows partly compensate each other. The resulting deviation is no

more than 0.15 * 0.1 milliradian.

1.4 The Bubble Chamber Cycle

The operation of the bubble chamber is designed so that charged
particles passing through the chamber leave a trail of bubbles which
can be photographed. |

Initially the pressure on the bubble chamber is just sufficient to
prevent the liquid from boiling, and when this is rapidly reduced from
about 6.5 to 2.8 atmospheres, the liquid hydrogen (or deuterium) becomes
superheated and spontaneous boiling occurs at points of high charge
density. When the chamber is in this sensitive condition a beam of
highly energetic positively charged pions is admitted. These produce
ionisation which causes spontaneous boiling to occur along the
path of the particle. This appears as a trail of bubbles which are
allo&ed to growluntil they are about ZOOﬁ in diameter before the
chamber is illuminated, and photographed. Before spontaneous boiling

occurs throughout the chamber, the pressure is increased again, the



bubbles disappear, and the chamber is allowed to settle before the next
expansion. The complete cycle is repeated every two seconds.

The bubble cﬁamber is usually operéted for about a week at a time,
resulting in the productio; of 100,000 to 200,000 pictures. The films
are then shared between the different laboratories taking part in the
experiment.

More recent experiments use the technique of double pulsing which

results in the production of 350,000 pictures per week.

1.5 A Typical Bubble Chamber Picture

Figure 1.3 shows two views of a typical bubble chamber picture
taken from an exposure of deuterium to 4 GeV/c positive pions. Slight
differences due to the separation of the cémeras 1 and 2 which were
used can easily be distinguished. In particular the relative positions
of the fiducial marks mﬁy be seen to depend on the view.

The tracks of all tﬁe particles are cur%ed due to the magnetic
field. A particle which traverses the chamber with no significant loss
of energy will leave a track in the form of a helix. Since the axes

of the cameras are parallel to the magnetic field such a track will
appear in each view as a close approximation to an arc of a circle.
When the loss of energy is significant the track is in the form of a
spiral, wﬁich in proiectiop, only approximates to an arc of a circle
over very short lengths, because of the increasing curvature.

In the two views in Figure 1.3 the particles are shown entering



Figure 1.3 - A t'-ypical:; bubble chamber picture
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the chamber at the foét of the page. All the particles in the beam
have the same incident momentum of 4 GeV/c and so leave distinctive ‘
parallel tracks im tﬁe cﬁamber.

Six secondary tracks can be seen leaving the apex of the first
event in this picture. ‘These were produced by four positivelf and two
negatively cﬁarged particles as they left the interaction. On one of
tﬁe positive tracks a secondary two prong event can be seen.

Tﬁe second p;imary event appears as a three prong interaction half
way up tﬁe picture. Close observation will reveal another: very short
dark track, wﬁicﬁ was formed by a proton which received so little energy
that it was brqugﬁt to rest almost immediately. This event would then
be classed as a four prong event with a very short stopping proton. A
three prong secondary event appears on one of the positive tracks.

Anotﬁer stopping track wﬁicﬁ-may be seen on the next event, was
produced by a proton wﬁicﬁ lost all its energy before leaving the bubble
cﬁamber. By measuring the stopping point of the track an accurate
evaluation of the momentum of tﬁe particle can be made from the range
energy relation. For a track which leaves the chamber, the evaluation
of the momentum has to be based on a measurement of the curvature of
tﬁe track.

"A bubble chamber picture shows only the tracks of charged particles
as uncharged particles do not produce ionisation and so leave no tracks.
However, tﬁeir presence can sometimes be detected in the bubble chamber

picture. If an uncharged particle decays within the chamber into two

charged particles, the tracks of these two particles will be seen. They




will appear in the form of a V whicﬁ points' towards tﬁe interaction in
which the.unchqrged particle was formed.

The picture may also reveal distinetive characteristics of some
charged particles; For instance, certain "strange'" particles which
are charged may decay witﬁin tﬁe chamber into two new particles of which
only one is charged. As tﬁe uncharged particle leavesno track it will

appear as if there was a "kink" on the track of the original particle.

1.6 Scanging

Before starting to measure any film it is scanned for events. Three
views are examined, and all evenés'found are listed, a record being
made of their location, size and any special features such as sfopping
tracks or ciose secondaries. The size of an event is determined by the
number of secondary tracks leaving the apex of the event.

A second scan is cafried out and the two lists compared and checked
against the film. If the scanning accuracy is high a single scan may
be considered sufficient.

From the scan sheets measuring lists are prepared.

For any particular track the measurements from any two views are
sufficient for the three dimensional recomstruction in chamber space,
provided the track does not lie along the axis of either camera. To

avoid such a bad view of any track, three views are measured, thus



ensuring at least two good views of eabﬁ track. Tﬁe sligﬁt improvement
in the results obtained by measuring foﬁr views does not jusgify the
extra work required.

Tﬁe coordinate system of tﬁe measurements is provided by measuring
at least four of tﬁe fiducial'marks.‘ of tﬁese it is desirable that at
least two'sﬁould be on tﬁe front window and at least two on the -back
window of tﬁe cﬁamber; It is then possible to check that each view is
correctly identified, since the relative positions of the fiducial marks
are peculiar to eacﬁ view.’ Tﬁe measuremeﬁts of the fiducial separatioms
are also used to determine tﬁe extent of lateral and longitudinal
stretcﬁing of the film wﬁicﬁ may vary not only from one roll of film to
anotﬁer; but also along e;cﬁ roll.

For eaéﬁ track usually nine points are measured in each view,’
altﬁqugﬁ sﬁort_tracks may be accepted wiFﬁ as few as five points. For
very sﬁort tracks only tﬁe end point is measured. Tﬁus a simple two prong
event requires tﬁe measurement of nearly 100 coordinate pairs, and a four
prong event requires about 150 coordinate measurements. These measurements
are listed in Table 1.2.

Besides the recording of the coordinate pairs for the different
p dints measured, éll.tﬁe measurements have to be labelled so that the
related measurements from the-different viéws can later be identified and
combined in the reconstruction process. The event itself is identified
by a set of qigﬁt digits made up of the film number, the frame number
and tﬁe event number. Eacﬁ view is identified and each peiqt or track

is giﬁen a label.



TABLE 1.2

MEASUREMENT 2-PRONG EVENT 4-PRONG EVENT
Fiducial marks 4 4
Apex 1 1
Beam track 9 9
Secondary tracks 18 36
View Totals 32 50

The data are then passed on to the programmes:THRESH and GRIND for

the reconstruction of the event; -

1.8 THRESH and GRIND

The geometric;l reconstruction of the events is carried out by the
programme THRESH which is run on the Northumbrian Universities Multiple
Access Computeé. NUMAC consists essentially of an IBM 360/67 computing
system sited in Newcastle, with an IBM 1130 used as a terminal computer
in Durham.

THRESH first of all checks the measurements of each view in turnm.
The fiducial measurements are examined to see if they lie within the

permitted tolerance of their expected positions. A two dimensional circle
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fit is made to the measurements of the nine or so points along each
track, These best fit circles aré then used to6 reconstruct the tracks
in three dimensional-chamber space. The two best views for each track
are used for the reconstruction, and the third view, if present, is
used for checking.

Events which are successfully reconstructed in THRESH are passed
on to GRIND which calculates the probabilities that the different
hypotheses are good descriptions of each event.

Any events which are rejected by THRESH or GRIND-are remeasured
and the new measurements processed by THRESH a;d GRIND in the usual

way.
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CHAPTER 2

THE OFF-LINE MEASURING SYSTEM

The measurement of several tﬁousands of bubble cﬁamber events
réquires the use of some kind of digitising machines which determine
the coordinates of points along tracks on the film both accurately and
rapidly. A precision of a few microns on the film is required. The
measurements must be made available in a form that can be input to a
computer so tﬁat a three dimensional reconstruction of each event can be
made. Some way of identifying tﬁe measurements with particular tracks
aﬁd events is also required.

The digitising machines used b& the Durham group are described in

this chapter. Before the on-line measuring system was built, the measure-

" ments and their -associated labels were punched onto paper tape. The data

were later edited and sorted by a programme REAP, and were output onto
cards in a form suitable for input to the geometry programme THRESH.
Initially theediting = was' |, carried out on an Elliott 803
computer in Durham and its paper tape output was processed by THRESH and
GRIND in the IBM 7044 computer then being used by the Film Analysis Group
at Glasgow Un%versity. When this chain of processing was being converted
to an IBM 1130 computer in Durﬁam and the IBM 360/67 at Newcastle, a new
version of the editing programme REAP was written by the author for the

IBM 1130 computer.

This chapter describes the measuring machines and how they were operated

with the tape punching equipment. Some of the advantages and disadvantages

of this system are discussed.
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2.1 The measuring machines

!

Four measuring machines were used in the off-line measuring system.
Three of these were digitised in the film plane, and the fourth used an
image Plane coordinatograph.

The coordinate measurements from each of the foﬁr ﬁachines were
punched onto eight hole paper tape. Heading information and labels which
were required to identify the measurements were entered using input
writers, and were also punched onto the tape.

The tape from all of the macﬁines was punched in even parity. This
provided a quick and simple check on tﬁe tape punching machines as the
operators could notice at a glance if there were any odd parity characters
on the tape. |

2.1.1 Machines 1 and 2

On the first two.machines, the films of the three views being
measured are mounted so that each in turn can be projected onto a screen
with a magnification of about x .15. The films are clamped to a stage
whicﬁ can be driven in the X direction under the control of the "operator.
This forms tﬁe X substage. Tﬁe lamp and condens;r mounted’ above and
below the film respectively form tﬁe Y substage, and can be driven in
tﬁe Y direction, independently of the X movement, also under operator
control. |

A reference mark, about tﬁe size of a bubble, is marked on the
screen. Measurements are made by driving tﬁe two substages so as to

bring tﬁe image of tﬁe film into coincidence with this mark. The mark
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lies close to the optic axis of the projection system, so that distor-
tions due to projection are minimised.

Since the film itself is moved to make the measurements in the X
direction, these measurements are of the f£ilm movement. This is
illustrated in Figure 2.1. 1In the Y direction however, it is the movement
of the lens ratﬁer tﬁan that of tﬁe £ilm wﬁicﬁ is measured, and this is
sﬁorter tﬁan tﬁe apparent film movement by about 8%. The Y movement
is illustrated in Figure 2.2. The geometry programme THRESH ﬁandles the
different magnifications in the X and Y directions by calculating these
magnifications from the measured positions of the fiducials.

Each of tﬁese macﬁines uses a Moird fringe optical digitisation system.
Tﬁis consists essentially of two gratings, one mounted on the meving part
of the Substage,'the btﬁer'fixed to tﬁe main part of the machine, which
produce an interference pattern wﬁbse fringes are detected by photoelectric
cells. Tﬁe precision of tﬁe macﬁines'is limited by fhe fringe size which
corresponds to about 2.5ﬁ on the film.

On tﬁe film tﬁe bubbles are 12-14ﬁ in diameter. With care it is
possible to set on a track to about ﬁalf a bubble diameter, which cbrresponds
to about 2 to 3 fringes. Under normal working conditions it is found that
setting accuracy is about 4 fringes, which corresponds to IOﬁ on the film.

The pﬁotoeléctric cell outputs are fed into two 17 bit bi-directional
binary counters, omne for tﬁe X coordinates and one for the Y. These are
displayed to allow tﬁe operator to*cﬁeck tﬁe counting easily.

Tﬁe measurements were puncﬁed onto paper tape, and each pair of

coordinates appeared as six characters preceded by a coordinate starting
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character. At the same time a "'/" character was printed én the input
writer to enable the operator to keep account of the number of points
measured. Figure 2.3 shows: the relationship between the binary value
in the coordinate counters and the six characters that were punched

for a typical pair of coordinates.

2.1.2 Machine 3

Machine 3 is like the first two machines in that it is also digitised
in the film plane. In tﬁis case ﬁoweVer, the stage carrying the three
films of tﬁe three views being measured caﬁ.be moved in both the X and
tﬁe Y directions, so tﬁat tﬁe measurements made in each direction are of
tﬁe film movement itself.

Eacﬁ view in turn is projected onto a screen. Measurements are made
by driving the 'stage, using the X and Y controls, in order to bring the
image of the film into coincidence. with the .reference mark on the screen.

Instead of tﬁe Moire(fringe systém of the other machines, this
machine was fitted with a mechanical digitization system. Two Hilger
and Watts:mecﬁanical digitisers were used to measure the rotation of the
macﬁine drive shafts of the motors which moved the stage. Each consisted
of a drum mounted on the Sﬁaft, coded into cdnducting and non-conducting
segments, wﬁich wetre sampled by brush contacts. A reflected decimal code

was used which had the advantage that.in moving from ome digit to another
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only one segment changed, and so errors.due tO'tﬁe brush contacts being
imperfectly aligned were eliminated.

Tﬁe precision of the macﬁine was limited by the width of the segments,
which correspondedto about Zﬁ movement of the film, The magnification of
the projection system is about the same as for tﬁe otﬁer film plane
digitised macﬁines; Under normal working conditions points are measured
to within about 10ﬁ on the film.

As for the other machines, the output from the digitisers was punched
onto paper tape. In tﬁis case, 11 cﬁaracters were punched for each
coordinate pair. These consistq‘f the starting character followed by two
five digit decimal numbers. A typical example of tﬁe 11 characters that

were punched for a single pair of coordinates is illustrated in Figure 2.4.
Table 2.1 shows the reflected decimal ceding which was used for this m?chine.

Table 2.1

" 'Reflected decimal code

VALUE [ .. .. NORMAL REFLECTED
4
0 O 0 0 O 1 0 0 O
1 0O 0 0 1 1 0 o0 1
2 0O 0 1 1 1 0 1 1
3 o 0o 1 o 1 0 1 o0
4 o 1 1 o 1 1 1 0
5 1 1 1 o 0O 1 1 o
6 1 0 1 o 0O 0 1 o
7 - 1 0o 1 1 0O 0 1 1
8 1 0 0 1 0O 0 0 1
9 - 1 o 0o ojo 0o o0 O




EACH Oi: THE LAST THREE DIGITS FOR EACH COORDINATE
IS PUNCHED IN NORMAL OR REFLECTED CODING DEPENDING
UPON WHETHER THE PRECEEDING DIGIT REPRESENTED AN EVEN
OR AN ODD NUM BER RESPECTIVELY. THE FIRST TWO "
DIGITS ARE ALWAYS NORMAL.

eg. X=25861 Y=i2754
2 {0 O 1 | |NORMAL 1 |O O O | |NORMAL
511 | | O|NoRMAL 2|0 O | | |NnORMAL
8 |O O O | |[REFLECT. 710 O 1 | |[NOoRMAL
6|l O | O|NORMAL 510 | | O|RrREFLECT.
1t O OO | |nOoRMAL all | | OIREFLECT.
V\\/
0000
200 Y COORDINATE
ToNO N ONO)
. o oNO)
TAPE O o O
.
MOVEMENT -
@) o ®)
QO o O X COORDINATE
O o O
OO0 00
o ONO) §
QO | = COORDINATE

O O 0000 |
\0/ STARTING CHARAC TER
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As usual the "/" character was printed on the input writer for each

coordinate pair that was punched onto paper tape.

2.1.3 Machine 4.

The fourth machine is digitised in the image plane rather than the
film plane. Tﬁree projectors are mounted so that each in turn can project
its view onto the measuring table top with a magnification of about x 10.
Instead of moving the film or the lens system to oﬁtain coincidence of
image and reference mark, the mark itsglf, which is mounted on a coordinat-
.ograpﬁ system, is moved about over tﬁg table top. It is this movement
of the mark whicﬁ is digitised.

The coordinatograph has a Moiré’fringe digitisation system whose
counters are displayed as two 6 digit octal numbers. The fringe width,
which limitS'tﬁe precision of the measuring macﬁine, corresponds to-ZSﬁ
on tﬁe table top, wﬁich is equivalent to' about Z.Sﬁ on the f£ilm.

In this case it is not possible to confine measurements to a region
close to the optic axis of the measuring system. In particular, the
fiducial marks which alﬁaYS have to be measured, are widely seﬁarated,
and on average will be at least 7 degrees from the optic axis. Lens
distortions at such angles are not insignificant, and as the reconstruction
of events' is.very sensitive tO'EEe measured positions of the fiducials it

is important to make corrections for these distortionms.
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There are also obliquity distortions arising from the three projectors
producing an image on the same table top. These are reduced as far as
possible by arranging the'middle of the three projectors so that its.
optic axis is approximately perpendicular to tﬁe table top. The distor-
tions on the other tﬁo'views'arg greater. Again the fiducial measurements areré
badly affected by these distortions.

The corrections in THRESH allow for uniform stretching across the
width and along the length of the film, but do not allow for the non-
uniform distortions produced by this projection system. It is therefore
necessary to make certain modifications to the coordinate measurements before
the data are input to THRESH.

The modifications made are based on a comparison betweén coordinate
measurements obtained from this machine and those obtained from machine 3.
Machine 3 is a true film plane digitised machine, and measurements made on
that machine are free from distortions due to the projection system. A set
of 20 fiducial marks was measured on both machines 3 and 4. A linear
regression p;ogramme/%%%d to calculate the coefficients of an expression
that would transform the coordinate measurements from machine 4 into the
corresponding measurements for machine 3. This was done separately for
each of the three views and the conversion expressions which were calculated
in this way are sﬁown'in Table 2.2.

Care has to be taken to ensure tﬁat the film is always projected onto
tﬁe same part of the table top as the distortions depend upon the absolute
position of the image on the table. This is achieved by insisting that

fiducial 33 is always projected onto the same position on the table top.
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Table 2.2

VIEW ' CONVERSION EXPRESSION
' 3 - . - —6
. Xy = - 4773.1 + 1.143 X; - 0.0325 ¥, + 1.0 10 ~ X,Y,
- - - -6, 2
Y, = - 2988.3 - 0.0245 X, + 1.077 Y, + 1.210 ° ¥,
o _ -6
X, = - 5660.8 + 1.167 X, - 0.0137 Y, + 0.6 10 ~ XY,
2 .
. -6
= - - 2
Y, 4642.7 - 0.0234 X, + 1.147 Y, + 0.6 10 ~ Y,
o _ _ -6
Xy = - 7425.1 + 1.2157 X, + 0.0471 Y, - 1.1 10 ° XY,
3
a - - - 6 ¢ 2
T, 6098.1 - 0.025 X, + 1.2484 ¥, -~ 1.1 10 ~ Y,

Note: X., Yi measured in fringes

By modifying the coordinate measurements from machine 4 in this way,
point reconstruction errors in THRESH were reduced:by a factor. of four.
An earlier attempt to correct for the obliquity distortions based on
calculations of the geometry of the projection system was found to be
unsatisfactory.

The output from macﬁine 4 was puncﬁed onto paper tape, but in this
case the usual coordinate starting character was followed by two 6 digit

numbers, corresponding to the 6 digit octal values of the coordinate
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.-measurements. A typical example of a pair of coordinates is illustrated

in Figure 2.5.

In order to measure an event tﬁe coordinates of the apex, four
fiducials, and about 9 points on eacﬁ track were punched onto paper tape.
This was repeated for each of tﬁe three views. These coordinates were
preceded by labels identifying the point or track to which they referxed.
Certain heading information was also required to identify the event,
the operator, the date and the experiment.

The following paragraphs describe in detail the proéedure that was

required to measure each event.

Each event was started by the "<"

character being entered on the input
writer. Tﬁis puncﬁed one cﬁaracter on paper tape which was peculiar to
the machine being used, and which enabled the editing and sorting programme
REAP to identify tﬁe macﬁine.

After the opening bracket, an eight digit number was punched, to
. identify the film, the frame aﬁd the event. Then the operator number was
entered. followed by the topology, a five digit number describing the type

of event about to be measured. The operator then entered the date, the

machine number, and the measurement number.
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A full set'of<ﬁeading information was required for each event. Some-
times, however, only tﬁe event number cﬁanged from one event to another,
in which case only tﬁe event number needed to be entered. The rest of the
heading information was carried over from the previous event by REAP.
Similarly, if the date, machine number and measurement number were to be
the same, these could be omitted, requiring only the event number, operator
number and topology to be puncﬁed.

Yet another option was included in this system, which was used when
two or more events were to be measured on the same frame. In this case the
oper#tor could use the.letter "C" instead of the usual opening bracket "<"
to mark the start of the second or subsequent event. . This meaﬂt that REAP
would preserve the measurements of tﬁe fiducial marks from the first event
and use them for the second event, thus relieving the operator of the
necessity of measuring the fiducial marks again. Care was required over
the setting of the coordinate counters when this option was used. Usually
the counters were set at the beginning of the measurement of each view °
when the reference mark was in coincidence with the apex of the event. The
measurements of the fiducials from the first event on the frame could only
be valid for the seéﬁﬁd event if the counters were still counting relative
to/gggx of the first event. This required that, duriné the measurement
of the second event, the operator set the counters at the beginning of each
. view not on the apex of the evént being measured, but on the apex of the
first event to have been measured in that frame.

Some examples of the use of these different options can be seen in

Figure 2.6 which is a sample listing from the machine 1 input writer.




Figure 2,6 Samplie listins from machine 1 input writer

' <38100622 13 02010 10/12/68 1 1= _ '
+laa/a9/////1/1/11144/33/22/a1/[]/]1]/1=a2///[11]/1a3[1]1]/]]]
+2aa/a9//{//111111/44/33/22/a1//l]//]//a2//1]!71/]1a3//1'!]]]]
+3aa/ad9////11//111/&4/33/22/a1l[1111]]1a2/11111111a3/111}/11]/>
<38100471 13 03010= :

~+1aa/a9/[[]/1]]111/44133122/xx/a2/'[]]1]1121/111]1]1/a3/111111]]

‘+2aala9f//[/111f11]64/33/22)xx[a2/]//[///1aXli/1/]1][a3/]1]]]]I]
+3aa/a9//////l//11/44/33/22/xx/a2/////////al/////////a3/////////>'
<38100451=
+laa/a$ /////////11/44/33/22/ap//////pp/a2/////////al/////////a3/////////
+2aa/a9/////111111/44/33/22/ap/ [/ ]/ vp/a2///]//[//a2a1/]1]1]][[[a3//1111]]]
+3aa/a9///11]11/11/43123/22]ap/ /111 ]gpla2liill11]]alll!111111a3]10100011>
¢38100452=
+laa/a9/////1//1a1/i///11/1a3/1//11]//a2][[[]1////a5//11]]]!]
+2aa/a9/////////1alllll]1]]1a3/]/]1]1]/1a2[][]]]/]]a5/]11]]1]/

" +3aa/a9////1//11a)l/1111111a3111F1111a2]111]111{a5/111i111]>
<38100231= '
+laa/a9/////1i//111/44/33/22/a)//[1]]/]]=2]/]21a3//}1/]/ *///a2/////////pp/ap//////

- +2aa2/a9/////!//111/44]/33/22/al/[[]][//]a53//iil1/]/a2////]]//]pp/av//I]/]
+3aa/a9//1//1/1]i1/44733122/aY/[]11111123/11111]1]1a2]t]111]]]eplaplll]]]>
<38100201 31 03010-11/12/68 1 1=
+1aa/ad//[[/1{1111/66/a1/[]111111a2!1111111!a3/1111111122]33/a5/1111111]
=2aa/a9/////////11/44/a1/////////a2/////////a3////’/a3/////////a5/////////
22/33/
+3aa/a9/////////11/44/a1/1///////a2/////////22/33/a3/////////a5/////////>_
c38100202=
+1aa/a9///111111aill1111111a2/{1/1!i[!a3//1111/[/a5/11/1][]]
+2aafa9/////1111ax//1]11]11]a2/]111/]i/a3/}i]!1]1iia5/1111]1]]
+3aa/a9////1111/allll111111a2]]1111/[[a3111111111a5!1]111177>
¢38100204=

, ++1aa/a9/////////a1/+/////////a2/////////a3/////////xx/

-+2aafa9///1//11/a)///1/11/]a3//]]1/11/]a2/]!!]]]]]xx/
+3aafa9/////111/1a1lll]111111a3/11/11111a2]]11711]]]=x/> .
<38100071= _
+1aa/a9/////ii//11/44fa)/][!1/]/1a2]/[]/]]]]/a3/]/]/]1/122/33/az//]]]/pp/
+2aa/a9//////1//11/64]a)/[][1]]]1a2][]]/1///a3]/;il/[[/22]/33/ap///]//pp/
+3aa/a9//////’//11/44/a1/////////32/////////aJ/////////ZZI33/ap//////pp/>
¢38100073 31 02010=
<38100043 21 02010= .
+1aa/a9/////’///11/44/31/////////12/////////aJ/////////22/33/
*2aa/a9///11111111/4/a]]]11/1]]1a37}1111111a2i7/]]1;1]22733/

“+3aafa9/////111111/44/aLl]]]11]1a3/i]]]11]1az[[1]1171/22/33/>
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The different numbers making up the heading information were separated
by space characters. The end.of the heading information was indicated by

. . was
the "=" character, or by the "+" which fused as the view starting character.

Throughout the measurement of each event a list of the measurements
made was printed by the input writer. An example of such a list is showm
in Figure 2.6. Tﬁe-"/"-cﬁaracter wag printed whéenever a pair of coordinate;
was punched onto paper tape. All the other characters were entered on the
input writer itself.

The start of each view wa§ denoted by the "+" character followed by
the view humber. The counters on the digitisers were set by the operator
when tﬁe apex of the event was in coincidence with tﬁe reference mark. This
setting value was in the middle of the range of the éounters, e.g. 216 for
the 17 bit binary counters. Tﬁis ensured that all the coordinates entered
would be positive, so avoiding the need for a sign bit. No setting of
the machine 3 mecﬁanical digitisers was required as the range of the 5 digit
decimal numbers was sufficient to cover all three views.

The operator then proceeded to measure the event. A label was entered
before each measurement was made to identify the point or track to which
it referred. For éxample "AA" would have been entered before the coordinates
of the apex of thé event were punched, or "A9" would have been followed by

8-10 pairs of coordinates for points lying along the beam track. These

measurements' could be made in any order.




The setting value was checked at frequent intervals throughout the
measurement of each vieﬁ,'by returning to the apex and checking its
characteristic coordinate of (216, 216). If at any time this was found
to be in error, as could easily be seen from the display of the counters,
the counters were reset, and the sequence of measurements made since the
previous acceptable check ‘was repeated.

Any bad points entered during the meas;rement of a track could be
erased by the "*" character. When this was detected by REAP; the last

to
pair of coordinates/have been read from the tape was discarded. By

successive use of the "*"

character several points along a track could
be erased, although in such cases-the operator woﬁld usually prefer to
remeasure the whole track. Incorrect measurements of specific points,
for example the apex or a fiducial mark, were not erased using "*", but
wetre remeasufed; If REAP encountered more than one measurement of any
poiﬁt or track, then the last rather than the first measurement was
accepted. This allowed the operator to repeat any measurements as
required.

Although it was quicker and easier to complete the measurement of
one view before starting on another, it was possible to move from one
view to another if necessary. All that was require& was that each change
of view was indicated by a view starting character followed by the view
number. This facility was found to be useful in cases wﬁere incorrect

measurements on one view became apparent during the measurement of another

view, although this did not occur very often.
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On the completion of an event the'">" cﬁaracter was punched. This
was an indication to REAP tﬁat there were no further measurements for the
event,"

Failure to enter tﬁe closing bracket would ﬁave caused REAP to discard
the event, Occasionally it was found tﬁat after startiné to measure an
event it proved to be unmeasurable. By omitting the closing bracket the

incomplete event was not passed on to THRESH for further processing.

2,3 REAP

The paper tape output from the measuring macﬁines was Fead on the
IBM 1130 system by tﬁe editing and sorting programme REAP. The coordinate
measurements and labels were decoded and tﬁe data for each event in turn
wetre output onto' cards in tﬁe format required for input to the geometry
programme THRESH,

At tﬁe time tﬁis was the only way in which data could be input to
NUMAC. Since the transmission system from tﬁe Durﬁam terminal computer
could not handle large amounts of data on account of the slow line rate,
the data cards were transported to Newcastle for direct entry to NUMAC.
It was not until later that the transmission from the 1130 disk storage

became possible.

At first three different versions of REAP were required to interpret
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the binary, octal and reflected decimal coordinate codes used by the
four machines. As a different colour of paper tape was used on each of
the machines, the computer operator could easily determine which version
of REAP to use for each tape. At that time,the IBM 1130 computer had
only 4K words of core, and it was not until the disk monitor system with
8K words in.core was available that it became possible to combine these
three versions of REAP into one.

In order that the single version of REAP should be.able to interpret
the different coordinate codes correctly, it had to be able to determine
on which macﬁine’each event had been measured. Originally each machine
had punched tﬁe same event starting cﬁaracter wheén the operator typed in
the opening bracket "<" at the start of each event, but three of the
machines were modified so that a different character was punched by each
machine. These distinctive characters, whicﬁ are shown in Figure 2.7,
enabled REAP to identify the machine on which each event had been measured,
and so to use the correct routine for interpreting the coordinate
characters.

The alternative to this was to have used the machine number which
appearedin the heading information for each event. This number however,
having been entered by the operator;wgssubject.go error and so was not
sufficiently reliable to serve as an indicator for REAP. Figure 2.7 also
illustrates the coordinate starting character and event terminating char-

acter which were used by all four machines.
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2.3.2 'Detection of ‘tapé punching errors

Besides editing and sorting the data tﬁe programme REAP attempted
to detect mispunching of tﬁe tape Wﬁeﬁever poséible. Little could be
done to correct for mistakes by the operator, such as wrong or omitted
labels, but errors of tﬁe-punching machines could quite often be detected.

Not infrequently two, or even three, coordinate starting characters
were punched instead of ome. Originally the starting cﬁaracter was not
distinguishable from tﬁe 6, 10 or 12 coordinate characters of the different
machines, and it was not possible to correct for this kind of error. So
the machines were modified to give a coordinate starting character which
could not be confused with tﬁe coordinate characters themselves. It was
then possible to detect tﬁe double punching of the coordinate starting
cﬁaracter, and to eiiminate'tﬁe errors whicﬁ were caused by this fault.

The distinctive coordinate starting character also made it possible
to check that the correct number of characters had been punched for each
pair of coordinates. If it was® discovered that fewer than the expected
6, 10 or 12 characters had been punched, then that coordinate was discarded.
It was found that wﬁen too many characters appeared there was usually a
trailing blank. In spch cases the trailing blank waé ignored and the
coordinate was accepted.

Sometimes the incorrect punching of the coordinate measurements of a
track had the effect of causing REAP to attempt to interpret the last
two'cﬁaracters of a pair of coordinates as a point or track label. This
could have ﬁad serious .results as not only would the subsequent coordinates

for that track no longer be associated with that track, but they could
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be associated witﬁ a non-existent track witﬁ a nonsensical iébelﬂowever,

by restricting the point and track labels that REAP would accept to tﬁose
tﬁat were actually used, REAP was able to recognise Sucﬁ nonsensical labels
and so, instead of associating the remaining coordinates with the nonsensical
label, it was able to restore tﬁese COordinatés to the track to which

they belonged. Usually tﬁis resulted in the loss of only one pair of

coordinates, that pair in which the punching error had occurred.

2.3.3 'REAP output

Tﬁe outpu£ from REAP was puncﬁed onto cards in the format required
for'input to the geometry programme THRESH. About 30 cards were required for
each event. Tﬁe last gigﬁt columns on each card yer'enot required for
data, and so a serial number was punched in the last two columns of each
card to identify its-position ﬁitﬁin the event. The cards were then taken
to Newcastle where the data were entered directly into NUMAC.

The handling of sucﬁ large numbers of cards gave rise to certain
problems. As with paper tape mispunching could occur. Sometimes this could
be detected by tﬁe use of checksums. Another problem which always presents
itself when cards are handled in large numbers is that of preventing the
cards from ggtting out of order. A programme WEED was written to check
the sequence numbers of the cards in each event, and to rearrange the card
images if necessary, before tﬁe-event was passed on to THRESH.:

Wﬁen'the NUMAC softwave was developed to accept programmes and data
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not only from cards but from 1130 disk storage, REAP was modified to
output tﬁe data onto disk instead of onto cards. Tﬁis reduced by a factor
of tﬁree tﬁe execution time required by REAP and eliminated the problems
of mispunching and of cards getting out of order. It was also found to

be much more convenient .to use disks than cards since one disk can

accommodate 200 or more evgnés whicﬁ would have required about 6000 cards.

At first-sight the off~line system appeared to provide a satisfactory
and flexible metﬁod of film measurement. It allowed a wide variety of events
to be measured and the measurements of each event could be made in any order.
It was also convenient for the operators. Heading information and point
and track labels were simply typed in tﬁrqugﬁ the input writers. Actual
measuring was made easy by allowing the oﬁerators to erase measurements,
or to remeasure any part of an event. The printed lists on the input
writers. of all the meésurements made enabled the operators to check on
the correct typing in of labels, and that all the required measurements
were made. Tﬁe paper tape provided a hard copy of the measurements which
could then be .reprocessed at a later date if required.

Tﬁere weté only a.few restrictions on the system which wetre imposed
for the sake of detecting errors. For example, only a limited set of
alpﬁanumeric characters would be accepted by REAP as valid labels. When
faults had occurred during tﬁe puncﬁing of coordinates it was possible

_.for REAP to attempt.to interpret certain coordinate characters as point
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or track labels. By insisting upon a limited set of permitted labels it
was possible to detect sucﬁ errors, and in some cases only one or two
coordinate pairs were lost. This restriction could be lifted if reqﬁired
for any special set of measurements, as it only required a slight modifica-
tion of the programme REAP.

Although the operators were free to make the measurements f;r each
event in any order, they seldom took advantage of this. Each operator
very quickly developed her own order of measuring from which she seldom
deviated. It was noticed that in spite of the complete freedom that was
allowed, all the operators chose to make their measurements in essentially
tﬁe same order. Tﬁis was very satisfactory, as an operator was less likely
to omit any of the .measurements for an event wﬁile following the same
sequence of measurements for eaéﬁ event, than by adopting é different
sequence gacﬁ timé.

Tﬁrqughout.ﬁer sﬁift the operator could also make certain checks on
tﬁe performance of ﬁer macﬁine. By resetting on tﬁe apex of the event
several times during tﬁe measurement of each view she could, by scanning
the illuminated coordinate display, check on the correct functioning of
the counters. She.could also detect the change in rhythm Which occurred
when the tape punching machine failed to punch the correct number of
cﬁaracters for a coordinate pair. Finally she could check the tape for
‘even parity'puncﬁing.

Fromtﬁis description it would appear that the paper tape system of

measuring was very satisfactory. It was flexible and simple enough so
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that the operators could learn to manage tﬁe system quite quickly; and

it could be used for all kinds of events including special measurements.
It was also possible to make various checks to confirm that the data were
being transferred to tﬁe paper tape correctly.

However, a closer look at the system will reveal that there were some
quite serious disadvantages'wﬁicﬁ could not be ignored.

One of tﬁg greatest problems was concerned with careless and inaccurate
measurements, Usually tﬁese.were not detected until after the data had
been processed by REAP, THRESH and GRIND, wﬁich was often some weeks after
the measurements .had been made. With no immediate evaluation of the
accuracy of ﬁer wortk it was all too easy for an operator to attempt to
measure as quickly as possible Witﬁ'careless measurements as the result. .

By the time tﬁe THRESH or GRIND output had been checked, another
film was usually on the macﬁine, and it was not until the original film
ﬁad been put back on the machine that the events wﬁich had failed could
be remeasured. The whole event was tﬁen remeasured in each of the three
views, and data were passed on to REAP, THRESH and GRIND in the usual way.
Tﬁis was a lot of work to recover an event which migﬁt ﬁave failed on
only one track.

Altﬁqugﬁ some macﬁine-faultS'could be detected by the operators there
were otﬁers wﬁicﬁ were not obvious at tﬁe time of measuring, and which
were only detected'whén it was found tﬁat THRESH was unable to make a
satisfactory reconstruction of the events. As with the events wﬁich failed

because of careless measurement, so also the events which failed because
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of mechanical faults had .to.be.remeasured. In this case it sometimes
happened tﬁat a large number'of.eventS'ﬁad failed because measuring
had continued on a faulty'macﬂine before tﬁe fault was detected.

Tﬁe editing and sorting programme REAP cﬁecked for, and corrected,
as many tape puncﬁing errors as possible, but not all of tﬁese errors
were of such a natureltﬁat tﬁey could be detected at this stage. So once
again tﬁere were errors wﬁicﬁ remained undetected until the output from
THRESH and GRIND was available for checking.

Tﬁere were also minor problems concerned with events whicﬁ failed
because some measurements ﬁad been omitted, or because labels had been
omitted or entered incorrectly. Errors of this kind should not have
occurred very often, as tﬁe operators could check each event on the list
on the input writer before terminating it with the closing bracket.
However, there was no means of ensuring that the operators checked these
lists carefully on the completion of each event.

So long as tﬁe data were punched onto paper tape and there was no
immediate evaluation of tﬁe accuracy of the measurements, little could
be done about tﬁe various problems outlined above. It was with a view °
to overcoming some of these problems that it was decided to develop an

on-line system of measuring.
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CHAPTER 3

THE ON-LINE MEASURING SYSTEM

In the on-line system the output from the measuring machines is
transferred directly into a computer wﬁere the measurements are checked
by the programme before the operator is allowed to proceed. Oncé the
machines are connected on-line it is possible to overcome many of the
problems that were encountered in the paper tape system. Clearly all
errors due to mispunqhing or misreading of paper tape are eliminated, and
the immediate evaluation of the accuracy of the measurements makes it
possible for the computer to detect careless measurements and machine
faults as they occur.

It also becomes possible for the computer to relieve the operator of
some aspecfs of the routine measuring cycle. In particular, if thé
computer is first given the topology of the event, it can generate all
the necessary track and point labels so that these do not have to be
entered by the operator. This requires a certain amount of "conversation"
between tl-xe- computer and the operator, as the operator must know what
measurement she is expected to make at any time, and she must be able to
signal the computer'wﬁénéver she is ready to enter a coordinate pair.

The actual form of this "conversation", and the extent to which the
data can be checked by tﬁe éomputer, depend ' very much on the computing
system chosen to control the on-line measuring system. The choice of
computer for the Durham system was based on several considerations which

are discussed in Sections 3.1 and 3.2. The chapter then goes om to
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.describe’ the .complete on-line system and how it is operated.

3.1 ‘General:-c¢onsiderations

Any measuring system, wﬁétﬁer'off-line or on-line, has to fulfil
certain basic requirements. First of aii eacﬁ event tﬁat is measured has
to be identified uniquely. An gigﬁt digit decimal number is found to be
convenient for tﬁis. éertain otﬁer'informatidn identifying tﬁe type of
evént;'tﬁe'bperator, tﬁe date and tﬁe machine number is desirable, but
not essential. |

The measurement of each event requires the recording of 100 or more
coordinate pairs. Tﬁese ﬁave to be associated with'tﬁe points or tracks
to whicﬁ tﬁey belong, and witﬁ tﬁe appropriate views. The labelling of
tﬁe points' and tracks'sﬁould not only identify tﬁem, but should also
indicate any special properties. Stopping tracks, for instance should be
distinguisﬁed from those tﬁat.leaVe the chamber.

It is also important tﬁat the System'sﬁould be able to handle a wide
variety of different events, and tﬁat some facility for erasing and
.remeasuring pointS'sﬁould be included.

Complete versatility would accommodate an infinite variety of events,
making no restriction on tﬁe number of points or tracks that could be
measured for any one event.- Neitﬁer would there be any restriction on the
total number of coordinate pairs that could be entered, or on the choice of
" alphanumeric cﬁaracters wﬁich could be used for labels. In practice,

ﬁoweVer; only a limited number of points, tracks and identifying labels
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are required for eacﬁ.event,'and nearly all events fall witﬁin a certain
basic pattern. Witﬁ few exceptions each event is measured in tﬁree views.
Measurements in each view are made of the four fiducials, the apex, other
points such as stopping tracks or "kinks",the beam track,and a variable
number of secondary tracks some of whicﬁ may ﬁave special properties which
should be indicated by special labels.

Tﬁese requirements are fundamental to any successful measuring system
and were all fulfilled by the paper tape system wﬁicﬁ has been described
in Cﬁapter 2. An on-line system, ﬁowever, can provide a better method of
measuring simply becaum tﬁe measuring machines are in direct contact with a
computer throughout the measuring process.

By coding each event according to its topology, and entering this
coded topology into' the computer, it is possible for the computer to
~ generate a list of tﬁe required measurements and tﬁe corresponding labels.
The operator can tﬁen'proceed to measure the event according to this list
without having to type in labels to identify each measurement. This
eliminates failures of events due to measurements being omitted, or to
incorrect labels being entered by the operator.

Tﬁe measurement of eacﬁ event then comes under the control of the
computer, ratﬁer tﬁan tﬁe operator, wﬁicﬁ requireé tﬁat tﬁe measurements
for each event are made in a fixed order. This is not such a restriction
as ﬁigﬁt at first be supposed, as even under the paper tape system which,
as already mentioned, allowed complete versatility in this respect, each

operator developed her own:order of measuring and seldom deviated from it.
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The computer tﬁen Has to.be able to give certain commands to the
operator to indicate what measureméntS'are.required, and, after receiving
these measurements, to indicate whether or not tﬁey wetre acceptable.
Similarly.the operator must be able to give instructions to the computer
if sﬁe is to be free to make erasures or to remeasure any part of an event.
Some facility must also be provided to enable. her to enter the necessary
heading information which identifies each event.

All these general requirements had to be considered in making the
choice of the computer for tﬁe on*line system. The other considerations
that influenced this cﬁoice are discussed in the next section.

3.2 'Cﬁoice'of'cdmputer'for'the on=line system

Some of the general considerations for/8f-line system have already
been discussed in the previous section. Tﬁere ;ﬁe emphasis,was on the
control of the measuring macﬁines and the input of data to the computer.
Another requirement is that the data should be output in a form suitable
for further processing.

Most of this furtﬁer processing is carried out in NUMAC which, it is
relevant to recall, comprises an IBM 360/67 computer situ;ted in Newcastle,
witﬁ'an IBM 1130 terminal computer in Durﬁam. For the on-line system to
be compatible Witﬁ.NUMAC the output must be in one of two forms of input
to NUMAC. The first of these is by direct entry to NUMAC from 9—track
magnetic tape. Tﬁé.Secand is by remote entry to NUMAC from magnetic disk

on the terminal computer in Durham.
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The limited financial backing restricted tﬁe choice of comﬁuter to
those having a core storage of about 8000 words and a minimum of input
and output devices. Two systems wetre considered'whicﬁ would have fulfilled
the necessary conditions. These were the DEC PDP8 system, and the IBM
1136 system.

The PDP8 system had some advantages in that it was slightly the
cheaper of the two.for a similar configuration. It also had a faster core
cycle time of 1.5 ﬂsec compared with/;?zﬂsec of the 1130 system. However,
tﬁe IBM 1130 system was cﬁosen for tﬁe following reasons.

Output from the PDP8 would have been onto a small temporary disk, and
from there it would have been transferred to magnetic tape at the completion
of each event. About once a week thése tapes would have had to be taken
to Newcastle for direct input to NUMAC. With the 1130 system the data are
output directly onto magnetic disk. Eaéﬁ day the disk is taken to the
Durham terminal computer, some 200 yards away, for remote entry of’the-
data to NUMAC. This latter arrangement is clearly more convenient than
the former.

As it was planned to have up to six measuring machines connected on-
line to the computer it was importaﬁt, with only 8000 words of core,
to consider ﬁow efficiently the core space could be used. In the PDP8
system'tﬁe basic word lgngtﬁ is only 12 bits so tﬁat double precision would
have been needed to handle the 16-bit coordinate measurements ffom the
measuring macﬁines, and tﬁree or four words would have been required to

store eacﬁ coordinate pair. The 1130.ébmputer on the other hand, has a
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basic word lqngtﬁ;of 16 bits, and so requires only two.wotrds to store each
coordinate pair. Furthermore,'most 1130 programmes require fewer words

of core tﬁan tﬁe corresponding PDP8 programmes because the 1130 computer
Has 29 basic instructions compared witﬁ only 12 of tﬁe PDP8 system.

In either case most of the programmes would have to be written in
Jssembler iangqage or its equivalent, as only in tﬂis way would it.be
possible t0'keép'tﬁe core requirements within the 8000 or so'wot@s that
would be available. Now tﬁere was already available in the University a
considerable amount of 1130 programming experience. This experience had
been’ gained on tﬁe Durﬁam.terminal computer for NUMAC, and the author
herselﬁ had gained some valuable experience of 1130 Assembler language
programming when_sﬁe wrote the new version of REAP which was required for
the paper tape system. No such experience of PDP8 programming was available
and so the writing of Assembler language programmes for the PDP8 computer would
Have been much more difficult tﬁan it was for tﬁe 1130 computer.

Another advantage of tﬁe 1130 was tﬁat it would be possible to do most
of tﬁe programme development on tﬁe Durﬁam terininal computer for NUMAC before
the on-line system was installed. No PDP8 system wés available, so that
if tﬁat ﬁad been cﬁosen, tﬁe b:ogramme development would have had to have
waited until tﬁe on-line system had been instélled. As already mentioned,
this system would ﬁave a minimum of input and output devices and so
p:ogr;mme development would ﬁave been slow using paper tape, with no line
printer, and witﬁ'an unfamiliar system. It would probably not have been

until about a . year after its installation that an on-line system with a
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PDP8 computer would have been operational.

With the 1130 system however the programme development could all be
done beforehand usihg the Durham terminal computer for NUMAC. The
importance of this computer was not confined to its being available before
the installation of the on-line system, but was due also to the fact that
it has both a card reader and a line printer. This made'programme develop-
ment much easier than it would have been using the on-liqe computer which
has neither of these. Consequently it was possible to compile and test
nearly all tﬁe programmes for tﬁe on-line system before that system was
installed, with the result tﬁat the on-line system was operational within

a few weeks of its installation.

3.3 The on*line measuring system

The on-line measuring system is based upon an IBM 1130 computer. The
measuring machines are connected to tﬁe computer through a Westinghouse
interface built specially for the purpose,and an OEM channel. Each’
machine has a control panel through which the operator can communicate
with the computer, and vice versa. |

Further communication betweén the computer and tﬁe operator is achieved
by relaying printed messages by closed circuit television to individual
monitors placed beside each measuring machine.

Measurements from eaéﬁ macﬁine are cﬁecked by Eﬁe computer before the

operator is allowed to proceed. Good measurements are output onto magnetic
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disk. The data are later sorted and edited before being submitted to
NUMAC for furtﬁer processing.

Provision is also made for another experiment to run on-line to the
compu?qr; This experiment, on cosmic ray research, involves the reading
in of data from a Mullard core store. No on-line data processing is
required, only tﬁe transfer of the data onto a magnetic disk. A second
disk drive was installed so tﬁat the data from the core store of the
cosmic ray experiment could be output onto/:eparate disk.: from that used
for the data from tﬁe measuring macﬁines. The core store is comnected to
the computer'tﬁrqugﬁ the Westingﬁouse interf;ce and the OEM channel, and
may be run at tﬁe same time as tﬁe measuring machines. Some extra
circuitry in the interface was required to transfer the data from the core
store to the computer.

The complete system can accommodate six measuring machines and the

core store all operating simultaneously.

3.3.1 The computer

The Central Processing Unit (1131 CPU) of the IBM 1130 computer has a
basic word length of 16 bits and ﬁas 29 basic instructions. The model
~used for the on-line control of the measuring machines has 8192 (8K)
wotds of core, and has a core cycle time of 3.6 ﬁsec. A faster version ’

is available witﬁ'a core cycle time of 2.2 ﬁsgc, but this is considerably
-more expensive, and the slowetr version is sufficient for this application.
It would also ﬁave been possible to obtain the 1130 computer with 4K,

16K or 32K words of core, but a core of 4K words would have been inadequate
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for this application, and financial support was only.available for an
8K system.

Built intO'tﬁe“basic unit of tﬁe computer is tﬁe console printer which
can be used for any printedjoutput required, tﬁe console keyboard which
can be used to enter instructions or data into the computer, and the main
disk drive which takes'tﬁe disk‘cartidges} Each disk ﬁasségce on it for
- 500K wotds, of wﬁicﬁ about one thiﬁiaréusually taken up by.the Disk
Monitor System, tﬁe Fortran and Assembler Compilers and various programmes.
A second disk can.be mounted on tﬁe additional disk drive wﬁich requires
a multiplexer for connection to Eﬁe computer. The system also includes
a paper tape reader, a pape? tape puncﬁ, and an OEM cﬁannel'through which
tﬁe interface 1is connectedfszﬁe computer. The complete system is ‘illustrated
in Table 3.1. -

Table 3.1

Durham On-Lne Computing System

_ UNIT NUMBER. ... .. DEVICE
1131 . Central Processing Unit
1134 Paper Tape Reader
1055 Paper Tape Puncﬁ
2310 Additional Disk Drive
1133 Multiplexer for 2310
2315 - Disk Cartridge
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Except for tﬁe.Secbnd disk drive tﬁis is little more than the minimum
configuration for an 1130 system. It is adequate for the on-line control
of the measuring macﬁines'as it provides for the collection of data directly
from the machines and tﬁe output of data onto disk. The console printer
is used for printing coded error messages and for providing a brief log

of the measurements made.

©3.3.2'The ‘measuring ‘machines’

Only minor changes had to be made to the measuring machines which had
been used for off-line wotrk to incorporate  them into the on-line measuring

system.

One of tﬁe main differences between the on-line system and the paper
tape system:is tﬁat tﬁe coordinate measurements are no longer transferred
to paper tape punching macﬁines, but are connected to the interface for
direct transfer to the computer. The basic word léngth of the computer
1is 16 bits énd transfer of data to and from the cémputer is also in units
of 16-bit words. All information ﬁas to be presented in this way before
it can be transferred tﬁrqugh the interface. 1In particular the coordinate
measurements have to be made available in binary patterns of 16 bits.

For macﬁines 1 and 2 this was not very difficult as the coordinate
measurements' were already in binary form having been formed in 17-bit
binary counters (see’.Section 2.1.1). Now the X coordinate represents a

measurement along tﬁe.lgngtﬁ'of the film and all 17 bits of the counters
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are required to accommodate tﬁe corresponding range of values. However,
the accuracy with which an operator can set on any point is of the order
of 4 fringes. So there will be no real loss of precision if the least
significant bit in the counters is dropped, while the otﬁer 16 bits are
transferred to the computer. Since all the beam tracks and the majority
of secondary tracks are rqugﬁly parallel to the X axis, any loss of
precision in the X direction will have little effect on the calculated
value of the sagitta.

On the other hand, the accuracy with which the Y coordinates can be
measured is important as this determines the accuracy of the calculated
.sagitta for most tracks. Siﬁce the Y coordinate represents a measurement
across the width of the film the full precision can be f??sefved as only
16 bits are required to accommodate the smaller range of values. In this
case there is no loss of precision at all since the most significant bit
of the 17 in the counter is neither used nor transmitted.

So the coordinate measurements prepared by machines 1 and 2 can easily
be made available in the required form for input to the computer. The least
significant of the 17 bits in the X counters is not transmitted, and the
most significant of the ‘17 bits in the Y counters is neither used nor
transmi£ted. This effectively doubles the fringe size in the X direction,
but the full precision is preserved in the Y direction where it is of
_ greater importance.

Machine 3 however, required a more fundamental modification to be
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made. It has already been mentioned (see Section 2.$.2) that the digitisers
on this machine produced coordinate measurements in a reflected decimal code.
To continue to use these digitisers would have meant building circuitry to
convert the reflected decimal coordinates into the required binary form.

At the time it was found to be cﬁeaper in both time and money to replace

the mechanical digiters with rotary Moiré«fringe digitisers which produce

the coordinate measurements in binary form as required. The same considera-
tions of precision and of the required range of values for X and Y coordinates
apply to this machine as they did to machines 1 and 2, so that the effective
fringe size in the X direction is again twice that in the Y direction.

The octal coordinates of machine 4 were easily conQerted to binary as
each octal digit translates directly into three binary digits. Once agaiﬁ
the ranges of values required for the X and Y measurements are such that
the effective fringe size in the X direction is made twice that in the Y
direction.

(b) The control panels

Another significant alteration to the measuring machines is that the
.input writers for entering heading information and labels are no longér
required. Instead, each machine has a control panel which enables both
the operator to communicate with the computer, .and the computer to
communicate with the operatof (see Frontispiece).

Each panel consists essentially of two sections which are illustrated
in Figure 3.1. The first section consists of a lamp display which is an

array of .15 lamps wﬁicﬁ may be illuminated or extinguished by signals
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from the computer. Alongside tﬁe lamps is an alarm which can be turned on
by the computer but whicﬁ can only be turned off by the operator. Together
the 15 lamps and the alarm correspond to a signal 16-bit binary word, and
they are controlled from the computer by the output of a 16-bit digital
output word. The pattern of illﬁminated lamps indicates to the operator
what measurement she is required to make at any particular time. The
alarm is used as a signal to the operator that ﬁer latest measurements

are not acceptable, or that she has made some kind of error.

The second section of the control panel contains 15 decade edge
switches, and a set of 10 latching illuminated switches (see Figure 3.1).
These are set by the operator and are read by the programme whenever the
operator requests attention by pressing one of her interrupt buttons.

In this way the edge switches are used to enter the heading informa-
tion for each event which, as in the off-line system, consists of the
event number, the experiment number, tﬁe operator number, the date and
the topology. In this case the machine number does not need to be entered
explicitly.

. The latching switches, which are illuminated when set in the "on"
position, enable the operator to indicate to the computer what she wants
to do. Most often this is to .enter a pair of coordinate measurements. Other
requests, such as to erase the last point or track, or to indicate that
the measurement of a track ﬁas been completed, can all be made through

the selection of different switches.
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The operator requests tﬁe attention of tﬁe'éomputer'by means of two’
interrupt buttons. The first of these, called ACCEPT DATA, is mounted on the
control panel and has the special function of indicating the start of an
event. The other, called EXECUTE, is mounted close to the controls of
the measuring machine and is used in all cases other than for the start
of a new évent. The actual function required depends upon which of the
illuminated switches on the control panel are on. Unless at least one of
these switches is on, the EXECUTE interrupt button is inhibited.

Two interrupt indicator lampsﬁremounte§ on each control panel. Each
time an interrupt is raised, the ébrrespgm;?gmp on the control panel of
the machine concerned goes out. It comes on again when the computer

responds to the interrupt. The response is usually so rapid that only

a slight flicker of the lamp can be detected.

3.3.3 The OEM Channel

The measur%ng machines are linked to the computer through the
Wéstinéhouse interface and the OEM channel.

The OEM channel, which is a standard IBM fitting, connects directly
with the CPU and is designed to provide for the attachment of a variety
of devices. It consists essentially of:

(i) two 16-bit registers, one each for input and output,
(ii) a single 4-bit register for contreol,
(iii) two.lines of data register status for synchronising,
(iv) four lines of device status sense, and

(v) a 6-bit .register for interrupt requests.
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All movement of data through the OEM channel is under direct programme

control from the CPU. Tﬁé input register can be read into core. Data from
any word in core can be transferred into the output register. The four
bits in the control register can be set or reset by the programme. The

two data register status lines control the movement of data to and from

the input and output registers. The device status lines and interrupt
request register may be sensed by the programme.

Devices connected to the OEM channel can request the attention of
the computer thrqugﬁ the interrupt request register. The setting of any
of the six bits in tﬁis.;egister causes a prograﬁme interrupt to be
raised in thé CPU. Tﬁe programme then determines the cause of the
interrupt by examining the .interrupt request register to see which bits

have been set. .

An interface was required to connect the measuring machines to the
OEM channel. The main functions of the interface are:
(1) to set the appropriate bit in the interrupt request register of the
OEM channel whénever an interrupt button on one of the measuring machines
is pressed,
(2) to fetch data words from the measuring machines and transfer them
to the input register of the OEM channel from where they may be read
into the computer,
(3) to route digital output words from tﬁe output register of the OEM

channel to the lamp display of a specified machine.
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Besides these basic functions the interface must.be able to inform
the computer which machine raised an interrupt and wﬁicﬁ of its two’
interrupt buttons had been used. This requires a register within the
interface which has at least 12 bits, one corresponding to each of the
12 inﬁerrupt buttons. Tﬁe interface has also to inhibit each interrupt
bu;ton when it has been used to raise an interrupt. The interrupt button
is only released whén the computer has responded to the interrﬁpt in
a prescribed way.

i In addition the interface is required to ﬁandle‘tﬁe transfer of
1 data from the core store of fﬁe cosmic ray experiment to the input
register of tﬁe OEM channel.

Clearly such an interface is not a standard piece of equipment, but
had to be designed and built speciﬁlly for the purpose. This task was
undertaken by Westinghouse Brake and Signal Company, a firm which already
had some experience of building interfaces for the IBM 1130 computer.
This f irm also built the control panels for the measuring machines which
have been described in Section 3.3.2.

The author was closely involved in tﬁe discussions with Westinghouse
over the design of the interface, and in particular over the way in which
it would be handled by the programme in th; CPU.

Only a brief description of the interface is given here as full
details of its operation will bé given in the next.chapter.

The raiSing of an interrupt requires a bit to be set in the interrupt
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register of the OEM cﬁannel; In order tO'distinguisﬁ between interrupts
from the measuring macﬁines and interrupts from tﬁe core store of the
cosmic ray experiment,two different bits in the interrupt register are
used, dependiﬁg on the cause of tﬁe interrupt. This makes it possible
for the computer to determipe the cause of each interrupt since it can
read and examine tﬁe interrupt register.

(b) ZImput -

Since the interface is connected to the computer thrqugﬁ tﬁe OEM.'
channel all movement of data is controlled by the programme in the CPU.
The mode of operation, whétﬁer input or output, is governed by the
different settings of tﬁe four control lines.

There are seven input data woirds associated with each of the six
measuring machines. These are identified within the interface by six
sets of seven consecutive addresses. For each macﬁiqe the first four
addresses refer to the .15 decade edge switcﬁes, the fifth refers Eo the
settings‘of.the 10 latcﬁipg switches, and the last two refer to the X
and Y coordinate registers respectively. A totai of 42 input addresses
are required for tﬁe six measuring machines; There are also two other
input addresses within tﬁe interface which refer to a device status word,
and to the core store of the cosmic ray experiment respectively.

The programme specifies wﬁicﬁ data word is required at any time by
first sendiné the address of that word to the interface, which will then
present tﬁe contents' of tﬁét address on tﬁe input ;egi;ter of the OEM

cﬁannel'from wﬁére it may be read into the CPU by the programme. About
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20 ﬁsec elapses after the address has been given before an interrupt is
raised to inform tﬁe programme that tﬁe data word is available.

(c) Output’

A similar procedure takes place in tﬁe output mode. A unique address
is assigned tO'eacﬁ of tﬁe six control panels. Tﬁé programme first gives
tﬁe address of tﬂe control panel required, so Fﬁat wﬁen tﬁe digital output
word is presented by tﬁe OEM channel'it is routed by tﬁe interface to the
required lamp display. Of tﬁe 16 bits of the output wofd, 15 are used

to control the lamps, and one may be used to sound the alarm.

(d) - Westinghouse device status woid

When' an operator requests the attention of the computer by pressing
one of the interrupt buttons on her machine, the computer must be able to

determine which machine raised the interrupt. A register within the

interface, called the Westinghouae device status word, holds this information.

This word can be read by the programme in the same way as data words. Two
bits are associated with each machine, one for the ACCEPT DATA interrupt,
and one for the EXECUTE interrupt, which are set when the corresponding
buttons are pressed. By examining this woid tﬁe programme can determine
wﬁich machine .raided’ the interrupt, and whether it waé ACCEPT DATA or
EXECUTIE.

Having determined which machine requires attentionm, ;he programme
can then read in tﬁe.Sevén'data words from that macﬁine.' As the fourth
data word 1s .read, tﬁe ACCEPT DATA bit within tﬁe device status word is

reset. Tﬁe.EXECUTE'bit is .reset as the Y coordinate is read in. Usually
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only one of tﬁesé fﬁoibits:will ﬁave.beehlset'at any time.’

(e) " Monitoring

In order't0'facilitate'tﬁe.testing of tﬁe trénsfer'of data tﬁrqugh
tﬁe interface a monitoring panel'ﬁas.beeh'built into itS'méin control
. enclosure.” Incoming data dan.be displayed on an array of 16 lampé.
Outgoing data can.be simulated on an array of 16 switcﬁes;' A further
tﬁree'Switcﬁes'are provided'wﬁicﬁ can be used to set or reset control
lines 1, 2 and 3.

By means of tﬁesé SWitcﬁes; and an initiate button wﬁicﬁ is also on
tﬁe'monitoring panel, tﬁe programme instructioms wﬁicﬁ are required to
control tﬁe movement of data'tﬁrqugﬁ tﬁe interface, can be simulated.
The array of lamps provides a quick and easy cﬁeck on tﬁe correct input
.of data. Output of data can be Cﬁecked by glancing at the lamps on one
of the control panels,

The panel also includes several monitoring points which may be used
for dynamic testing of tﬁe interface.

During tﬁe initial testing of tﬁe on-line system tﬁe monitoring
panel was particularly useful as it provided a simple way of cﬁecking o
tﬁe correct transfer of data tﬁrqugh the interface. It is also useful
in tﬁat, sﬁould tﬁe system break down at any time it may be used to
determine Wﬁétﬁer'or not tﬁe interface is operating correctly. Since
two manufacturers are involQed'in the design and construction of the on-
line system it is .desirable Wﬁen'a breakdown occurs, to be able to

’

determine whether the fault lies in the IBM equipment, or in the Westing-
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house part of tﬁe system. Tﬁe purpose of tﬁe monitoring panel is to
make it relatively easy to.determine tﬁe location of the fault. However,
the wﬁble system has proved to be so reliable tﬁat it ﬁas never been
necessary t0'make.5uéﬁ a diagnosis.

Tﬁe monitoring panel is seldom used except for the AUTO/MANUAL
switcﬁ, wﬁicﬁ it is found convenient to .set to MANUAL wﬁenever tﬁe computer
is being operated’ on itS'own'witﬁout the measﬁring machines. Accidental
interrupts from the measuring machines’ are then inﬁibited'and so cannot

interfere with the running of the computer.

- 3.3.5 'Closed c¢irculit telévision

Tﬁé system also includes*”'closed'circuif television. Tﬁe camera
-1is positioned over'tﬁe console printer, and a monitor is placed close to
eacﬁ.meaSuring macﬁine.’ Tﬁis enables each operator to read any messages ’
that may appear on tﬁg console printer'witﬁou; getting up from her machine.
In tﬁis way tﬁe one console printer may be used for giving supplement-
ary information to all tﬁe operators. Provided no errors are made,only
tﬁe.eveﬁt.numbers are printed, but coded error messages tagged with the
relevant machine numbers are printed whenever failures or illegal entries
are made. Tﬁe tomputer'drawsltﬁe operator's attention to an error message
by sounding tﬁe.alarm on ﬁer control Ppanel. In'tﬁe case of failures,
the printed'méésage gives some indication of the magnitude of the failure.
Tﬁe printer can also.be used to give in more detail tﬁe request for the

next measurement whicﬁ appears on the lamp display of the control panel.
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3.4 The operation of the measuring machines

Before starting to make any measurements an operatof must firéf sign
on. The experiment number, 6per§tor number and date are read into the
computer from the edge switches on the control panel, and;iéfgfj_,used
to form tﬁe ﬁeading information for all tﬁe events measured on that
machine until a new operator signs on.

Tﬁe start of an event is indicated by the ACCEPT DATA interrupt
button. Tﬁe event number and topology are read from the edge switches.
Tﬁe computer decodes the topology, generates a list of tﬁe required
measurements’ and tﬁe corresponding labels, and then calls for the first
measurement by displaying tﬁe appropriate pattern of lights on the lamp
display. |

Tﬁe operator proceeds to measure tﬁe points and tracks of the event
in the order requested by the computer as indicated by ﬁhe lamp display.
Most of tﬁe measurements are tﬁecked’before the operator is allowed to
proceed. Wﬁen measurements are not acceptable tﬁe alarm is used to draw
tﬁe operator's attention to the failure, and a £emeasurement.is requested.

At the completion of each.view the operator has to reset on the apex
of the .event to check on the correct functioning of the counters oﬁ the
machine. The event is completed at the end of the third view. All the
ligﬁts on tﬁe lamp display come on to indicate that the computer is ready
to receive tﬁe start of tﬁe next event.

Before leaving tﬁe macﬁine at the end of ﬁer shift the operator should

sign off, so that the next operator to use the machine may sign on.
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3.4.1 Signiﬂg'on

V Tﬁe computer will not accept tﬁe start of an event unless tﬁe operator
has signed on. At the beginning of ﬁer sﬁift sﬁe must tﬁerefbre carry
out tﬁe following procedure. Firstly sﬁe Sﬁould set'tﬁe START switcﬁ on
the control panel. Sﬁe sﬁould tﬁen set the experiment number,'ﬁer
operator number a&?ﬁ%ate'ﬁn ;He decade edge SWitcﬁes'as shown: in Figure
3.2A. Finally sﬁe sﬁould press tﬁe EXECUTE interrupt button.

This interrupts the programme in the CPU. In response to the
operator's request for attention, tﬁe computer reads in all seven data
words from her macﬁine. Tﬁe setting of tﬁe START SWitcﬁ tells the computer
to iﬁterpret tﬁe edge SWitch settings as experiment number, operator number
and date, and to store fﬁesé numbers in core so tﬁat tﬁey may be used fbr
the heading information for tﬁe subsequent events that will be measured
on that machine.

Tﬁe computer tﬁen'causes all tﬁe lamps on the display panel to be
illuminated so tﬁat tﬁe operator khOWSZtﬁat sﬁe may proceed with Fﬁe start

of her first event.

Some of the heading information required for each event is read into
the computer when the operator signs on. The remaining items, the event
number and topoleogy coding, are entered whéen the measurement of the event

is started.
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The event number is the same as in the paper tape system, consisting
of an eight digit number made up of the film number, the frame number
;nd the event number. The topology however is difféﬁggﬁ as it has to
give much more information tﬁan it did in the paper tape system. Seven
digits are available which can be used to give tﬁe computer a full
description of tﬁe event,indicatipgthe total number of secondary tracks,
the number of pion and proton stopping tracks and whether they are "short"
or "long". In this respect a "sﬁort" track is one whose end point only
is to be measured. For a "long" track both the end ?oint and at least
five points along the track will be measured. Tﬁe topology also indicates
any kinks or V zero tracks tﬁat are to be measured. The coding of the
topology is illustrated in Figure 3.3.

To start the event tﬁe operator should set the event number and
topology coding on tﬁe edge switches- as sﬁown‘in Figure 3.2B,and then
press tﬁe ACCEPT DATA interrupt buttbn. This causes a programme interrupt
in the same way as tﬁe EXECUTE'buttcn. Tﬁe computer responds as it does
to any interrupt by reading tﬁe seven data words from the machine.

The topology is checked against certain limitations, some of which
depend upon tﬁe space reserved in core for the generated labels, and some
of whicﬁ cﬁeck tﬁe legality of tﬁe topology. Provided tﬁe topology is
acceptable the head{ng information for the event is moved to the disk out-
put area from wﬁéré it will be transferred to the disk, and a list of all
the measurements required for the event is prepared. These measurements |

are selected from the Hétisﬁown'in Table 3.2. The computer then calls
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Table = 3.2 .55
List of measurements and correspondlng g lamp displays
Note' The approprlate view 11ght 1s also 111um1nated
LAMP DISPLAY 1
NUMBER| LABEL | RACRS | VERITCES | FIDUCIAL |VIEW DESCRIPTION
S T{ AA .SV VO V- 44332‘2'11123 o
1 *AP 1 Apex
2 *A9 1 1 Beam track _
3 *11 Entry fiducials
4 *44 1
5 XX 1
6 WW 1 Short stopping protons
7 YY 1
8 ZZ - 1 o Short stopping pions
9 *PP 1 1 B
10 *AP 1{ 1 1 Long stopping protons
11 00 1 1
12 A0 1] 1 1
13 QQ 1 1
14 AQ 1{ 1 1 Long stopping pions
15 RR 1 1
16 AR 1] 1 1
17 uu 1
18 Ul 1 1
19 \'A' 1 Short kinks
20 V1 1 1
21 AT 1 1 1
22 TT 1 1
23 Tl 1 1
24 AS 1{ 1 1 Long kinks
.25 Ss 1 1
. 26 s1 1 1
27 *Al 1] 1
28 *A2 1] 1
29 - *A3 11 1
30 A4 1] 1
31 A5 11 1 Ordinary secondary
32 A6 11 1 tracks
33 A7 1 1
34 A8 1] 1
35 MM 1
36 M1 1 1
37 M2 1 1
38 NN 1 V zeros
39 N1 1 1-
40. N2 1 1
2; :gg 1 1 Exit'fiducials
43 *AA 1 Apex check

*These measurements are requ1red for the event whose topology codlng is showu

in Flgure 3.2B
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for the first measurement of the event by causing tﬁe appropriate 1igﬁts
on the lamp display to be illuminated.

Provided the operator has signed on, the ACCEPT DATA interrupt will
always be interpreted as the start of a new évent. Usually this is
given .. only immediately after signing on, or after the completion.of the
previous event. If ﬁowever the ACCEPT DATA button is pressed during the
measurement of an event the unfinished event will be abandoned, and the
measurement of the new évent initiated. When tﬁe data are sorted and
edited befbrgiﬁéing iqphtffo:NﬁMAC, o ;‘sucﬁ an incomplete event will

be discarded.

Once the measurement of an event has been initiated by the ACCEPT
DATA interrupt, and tﬁe topology ﬁas been accepted by the computer, the
operator may proceed to measure the event.

Tﬁe set of measurements that will be required for the event are
selected from the list in Table 3.2 according to the topology-that was
specified. Wﬁatever topology was given, the selected measurements will
always include the apex, the beam track and four fiducial marks. All
tﬁe measurements that are required for the event will be called for by
the programme in the order in which they appear in Table 3.2. This table
also illustrates'tﬁe patterns of lights which are used to request each
of the 43 possible measurements.

This meaéﬁriﬂg ssequence is similar to that which was adopted by
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most of the operators whén they worked witﬁ the paper tape system. Eacﬁ
view is started with the measurement of the apex and the beam track,
followed by the two entry fiducial marks, and is concluded with the
measurement of the two exit fiducial marks and a check on the apex. The
coordinates of the entry fiducials are held in core until the é;{t__i;
fiducials are measured, thus making it possible to provide an overall
check on the accuracy of the view by examining tﬁe relative positions of
the fiducials.

The secondary tracks whicﬁ constitute the rest of the event are
also required to bg measured in a particular order. Essentially this involves
starting close t0'£ﬁe apex of tﬁe eveﬁt,'and tﬁen moving outwatds. The
special tracks are measured first, starting with short stopping tracks,
tﬁen tﬁe long stopping tracks and kinks. Tﬁese are followed by ordinary
secondary tracks leaving only tﬁe V zeros to be measured before the exit
fiducials. Tﬁe same.sequenCe of measurements is repeated in each of the
tﬁree views.

(a) Apex

At tﬁe start of eabﬁ view the lamp display indicates to the operator
tﬁat she is required to measure tﬁe apex of tﬁe event. In the paper tape
system tﬁe coordinate counters were set at the start of each view with
tﬁe reference mark of tﬁe measuring ‘machine in coincidence with the apex
of the event (see Section 2.2.2). A similar procedure is required in the
on-line system.,

First of all tﬁe operator sﬁould set the READ POINT switch on her
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control panel, and make sure that all tﬁe other latcﬁing switches'are '
off. She should then bring the apex of tﬁe event into coincidence with
the reference mark, set the counters and raise an interrupt by pressing
the EXECUTE button.

The READ QOiNT setting on the panel indicates to the programme that
a pair of coordinates (is ' available for the last measurement requested,
which is shown'on the lamp display. In this case this is the apex of the
event.

For this pqEPicﬁlar measurement. only one pair of values is acceptable,
namely tﬁe setting values. With only 16 bits for each coordinate measure-
ment, the setting value for both X and Y is 215. If this is not the
value wﬁich is read in for botﬁ X and Y, then the computer calls for a
remeasurement of tﬁe apex. This is done by sounding the alarm, printing
a coded message and repeating tﬁe same request by illuminating the same
pattern of lights on the lamp display.

(b) Beéam track

Provided the measurement of the apex is acceptable the operator is
requested to proceed witﬁ the measurement of the beam track. This is
indicated by a new pattern of Ligﬁts appearing on the lamp display. With
the READ POINT switch still on, the operator should measure about nine
points- along tﬁe beam track. Each point is read into the computer in
response to an EXEéUTE interrupt. After tﬁe last point has been read,
the operator should indicate the completion of the track by setting the

END TRACK switch on the control panel, and then pressing the EXECUTE
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button.

Tﬁé programme then'makesfa fit to a circle of tﬁe measured points
of tﬁe beam track. Provided this is a good fit (see Section 4.6), the
coordinates are moved to' the disk output buffer, and the programme calls
for the next measurement. If the track measurements are not acceptable,
tﬁen the operator is requested to remeasure the track. This is done by
sounding the alarm, printing a coded error message and repeating the same
request on the lamp display.

(c) Entry fiducials

After an acceptable set of coordinates has been received for the beam
track the computer requests the measurement of fiducial 11, followed by
fiducial 44, tﬁe entry fiducial marks. These are entered in the same way
as all other points, by pressing tﬁé EXECUTE'button witﬁ only tﬁe READ
POINT switcﬁ set on Eﬁe control panel.

(d) "Secondary tracks

Tﬁe secondary tracks come next in the sequence of measurements. Any
sﬁort stopping tracks wﬁbse end points only are required, will be called
for first. Proton stopping tracks will be requested before pion stopping
tracks. If tﬁere are two or more of any kind of track to be measured
in any event, these sﬁould be measured in anticlockwise rotation from
tﬁe beam track. Tﬁis is to ensure that the track and point labels are
correctly assigned in eacﬁ of the tﬁree views.

In tﬁe case of two similar tracks lying close ;ogetﬁer it is not

always possible to determine which corresponds to which in each view.’
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However, there is a facility in thg geometry programme THRESH, called
track matcﬁing, wﬁicﬁ can detect wﬁen';wolclose.secondaries ﬁave been
confused, and can recombine the measurements from tﬁe different views'
correctly.

After the short stopping tracks, if any, have been measured, the
computer will call for any long stopping tracks that were indicated by
the topology coding of the event. For each of these the end point is
measured first, followed by about nine poin?s along the track. The end
of each track is indicated in the same way ;s for the beam track, and
tﬁe computér cﬁecks the measurements by making the same circle fit
calculation. In tﬁe case of very curved tracks the test for an acceptable
fit is less stringent (see Section 4.6).

Any otﬁer'special measurements' such as kinks or V zeros,and any
ordinary secondary tracks, are each called for in turn by tﬁe computer,
Tﬁe track test for ordinary secondary tracks includes a check on the
sagitta wﬁich is required to be at least 2 mm in the bubble chamber.

(e) 'Exit fiducials

When all the tracks have been measured, the exit fiducials 22 and 33
are called for.

(f)"Apex“cﬁeck

Before leaving one view to go on to the next view the operator is
requested to return tO'tﬁe apex of tﬁe event. -Tﬁe coordinates are read
into the computer and are tﬁecked‘against tﬁe setting value which was

entered at the start of the view. This is to provide a check on the
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counters of the machine so that failures of the counters will be detected
by the computer. If the check is not acceptable the operator should
reset the counters, and will be requested to remeasure the last part of
the view during which the failure must have occurred. If the check is
acceptable the operator proceeds with the next view.

The end of view 3 marks the completion of the event. Throughout
tﬁe measurement of the event the coordinate measurements are transferred
to the disk as they become available, and the programme keeps a record
of which coordinates belong to each track. At the close of the event
this referencing information is also transferred to the disk, and all the
lamps on the control panel come on to inform the operator tha£ she may

start the next event, or sign off if she ﬁas come to the end of her shift.

3.4.4 ‘Signing off

Before an operator leaves her machine at the end of her sﬁift she
should sign off. If sﬁe does not do this tﬁe next operator will not be
able to sign on. |

In order to sign off the operator sets the END switch on her control
panel and then presses the EXECUTE interrupt button. Provided she was
not in the process of measuring an event, this will be accepted and all
the lamps will be turned off.

Signing off during the measurem;nt of an event requires two interrupts
from the EXECUTIVE button. Tﬁe first of these causes the alarm to be

sounded as a warning, and the second forces acceptance of the request to
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sign off. The unfinished event will be discarded and must be remeasured

from the start by the next operator.

3.4.5 Additional Features

Besides being able to control tﬁe measurement of an event in tﬁe
manner-which has just been described, the on-line system also provides
certain additional features. These enable the operator to request various
functions by setting different latching switches on her control pamel
before pressing the EXECUTE interrupt button.

The special functions of some of the latching switches have already
been mentioned.

(a) START

The START switch is.‘used whén the operator wishes to sign on at the
beginning of her shift (see Section 3.4.1).

(b) END

The Operator uses the END switch when she signs off at the en& of
her shift (see Section 3.4.4).

(c) READ POINT

During the measurement of an event the READ POINT switch is used to
indicate to the computer that a pair of coordinates is available and
should be read in (see Section 3.4.3).

(d) "END TRACK

When the operator ﬁas completed the measurement of a track she sets

the END TRACK switch which causes the circle fitting routine to check

the coordinates (see Section 3.4.3).
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The other switches provide additional facilities whicﬁ may or may not
be required during the measurement of any event. Tﬁese are described
below.’

(e) CHECK

The CHECK switch is used when tﬁe operator wants more information than
is given on tﬁe lamp display about tﬁe next measurement required of her.
Although each point and track in any event has a unique label within that
event, there agerseveral instances where the same pattern of lights

o
is used to call/more than one particular measurement. For instance, if
an event has two ordinéry secondary tracks, Table 3.2 shows that their
generated labels will be Al and A2, but they are both called for with the
same display of lights. Under normal circumstances this causes no c mfusion
as the operators are familiar with tﬁe system and know the order in which
the measurements are called for. If however, an operator is interrupted
at any time, it may be that, when she returns to measurement, she cannot
tell from the lamp display wﬁich measurement is required of her. By
setting the CHECK switch on the controi panel, witﬁ all the others off, and
pressing the EXECUTE interrupt button, she can determine exactly how much
she has done as the computer will then print a message which gives the
~ generated label of.tﬁe measurement required, and if this is a track label,
the number of points already measured on that track.

(f) CHECK/READ POINT

The .CHECK switcﬁ ﬁas anotﬁer; completely different ‘function when it

is used QOgetﬁer with'tﬁe READ POINT switch. It is used to check on
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the counters of the machine. The operator should first bring the reference
mark of her macﬁine into coincidence with the apex of the event being
measured. She should tﬁen set both the CHECK and the READ POINT switches,
and press the EXECUTE button.

This causes the computer to read the coordinates and compare them
with tﬁe setting value whicﬁ is required for the apex at the start of
each view. Provided these two values are not more than four fringes
apart this is considered acceptable, and the operator is allowed to proceed.
If the resetting is not acceptable, then the operator has to reset the
counters and remeasure from where they were last considered to be
satisfactory. This would be whére the last CHECK/READ POINT test was
made, or where the last track measurement was accepted, whichever is
more recent. An acceptable track measurement can be considered to be a
satiéfactory apex check because one of the checks made by the curve fitting
procedure is that the apex lies close to the curve which is fitted to the
measured points.

If the apex check fails, the computer calls for the required measure-
ment by illuminating the appropriate pattern of lights on the lamp display.
It also causes the alarm to be sounded, and prints two messages. The
first of these indicates the amount by which the coordinates failed to
correspond witﬁ tﬁe corr;ct setting value, and the second gives the label
of the measurement from where the operator should start to remeasure.

(g) ERASE POINT

When an operator wishes to delete the last pair of coordinates that

were read from her macﬁine, she uses the switch marked ERASE POINT.
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If this is followed by the READ POINT setting of the switches théﬁ the
new pair of coordinates will replace the old pair. If it is followed
by the END TRACK setting, then the last point entered will be ignored.
The ERASE POINT switch may be used several times in successsion to delete
several points, but will not be accepted immediately following the
'completion of a track, or the completion of a view.

(h) ERASE TRACK

If it is required to erase all the points on a track, as would be
the case if the operator had been measuring the wfong track, then this
can be achieved by setting the EkASE TRACK switch. The subsequent points
to be entered will then replace those previously entered, so that the whole
track must be remeasured. This setting is allowed during the measurement
of a track, or immediately following its completion. It may be used
repeatedly to delete more than one track. It is not accepted immediately
following the completion of a view or just after an individually labelled
point such as the apex, a fiducial or a stopping point, has been measured.

(i) ERASE POINT/ERASE TRACK

Tﬁe.ERASE POINT and ERASE TRACK switches may be used together. 1In
this case the programme determines whether thé last measurement was of a
point or a traék and deletes accordingly. This setting may also be used
several times over to step backwards tﬁrqugh the view one point or track
at a time. Each of tﬁe measurements deleted must be remeasured and will
be called fér in turn in the usual way. This setting will only delete

measurements within the current view.’
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g j) ERASE VIEW

ff it is_required to remeasure any part of a view which has been
completed, then the ERASE VIEW switch must be used. When this is set
during the measurement of a view, all the measurements on that view will
have to be repeated, but if it is used immediately followipg the completion
of view 1 or view 2 then thét completed view will have to be remeasured
from the start. After the completion of view 3 no erasurés are possible
as the event is then terminated.

Whenever any erasure is made the programme automatically supplements
the information on the lamp display, which calLs for the next measurement
required, by printing the corresponding label. This is just the same
message as is printed when the CHECK switch is used on its own.

(k) ACCEPT

The two remaining switches are less frequently used, but they have
nevertheless a necessary function to falfil. They enable the operator to
omit certain measurements entirely, or'fo force acceptance of a track
which has failed the curve fit test. When a track fails to be accepted
when the END TRACK is given, then the operator can force its acceptance
by using the ACCEPT switch. Its use is discouraged by recording a special
message on the printer each time it is employe&. It may also be used
to bypass the measurement of a track. This could be necessary when the
track is so confused with other tracks that it is unmeasurable. In this
case no attempt is made to measure it, and the END TRACK is used with no

points measured. The track is failed by the computer as is any track with
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less than five points measured, and the operator forces the programme to move :
on to the next measurement by following the END TRACK with the ACCEPT setting.
(1) END VIEW
If an event is unmeasurable in ope’ view, as may occur if the film is
damaged or fogged, then the event can be measured in only two views. The
measurement oflthe bad view can be bypassed by using the END VIEW switch.
This may also be used part way through the measurement of a view, in which
case the programme moves on to the next view, or in the case of view 3,
terminates the event.
If more serious errors are made than can bg recovered by any of these
methods, then the event should be remeasured completely. This is achieved
by starting the event again by raising the ACCEPT DATA interrupt. The
incomplete event will be abandoned and the remeasurement initiated.
During later processing the data for the incomplete event will be discarded
In practice however, the only timée when this is dome is right at the
start of an event when an incorrect event number or topology coding has
been given. It is rarely required at any other time as any mistakes
that are made can be corrected by the appropriate choice of latching

switches.

The data from the on-line measuring system are written onto disk in
essentially the same order as the measurements are made. For each event,
heading information, coordinate measurements, and finally referencing

information are output onto disk in card image form. The data are in
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packed coding so that only 40 words are required for each 80 column
card image. A maximum of 72 card columns are gsed for data, the last
8 columns being available for identification. Column 80 is used to
t28 the card with the number of the machine to which it refers.

The start of each event is indicated by a card image containing
444444 in columns ,1 to 6. This is followed by a heading card containing .
all the usual heading information. As the event is measured, the
coordinates are arranged on card images which are transferred to the
disk as they are filled. Each card image accommodates six coordinate
pairs. The end of the coordinates of the event is indicated by a card
containing SSSSSS in columns 1 to 6, followed by several cards containing
the referencing information for the event. This is in the form of a
location table which enables the measurements of each point and track,
in each of the three views, to be located within the bank of coordinates
for that event. Finally, a single card containing 227277 in columns
1 to 6 marks the end of the data for that event.

During measuring several machines are usually being operated
simultaneously. Data from each machine are output onto disk as they
become available. Tﬁus the card images containing the data from each
machine are interspé?saiwifh those from any other machines that happen
to be operating at the same time.

lLater, when the machines are no longer being operated, the data are
prepared for input to NUMAC. This is done by the programme SORT which

selects card images by machine number, and then rearranges the cards for
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each event into the order required for input to THRESH. This involves
moving the referencing information so that it comes immediately after
the heading card, and before all the coordinate measurements. SORT also
discards incomplete events, and checks each event for errors which would
make it unacceptable to THRESH.

The output.from SORT is usually onto another disk, rather than back
onto the same one. This is made possible by having two disk drives on the
one system. The output disk is then taken to the terminal computer from

where the data are input to-NUMAC. -
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CHAPTER 4

PROGRAMMES FOR .THE ON-LINE SYSTEM

No description of the on-line measuring system would be complete
without an account of the main programming considerations. Thig chapter
is therefore devoted to a description of the programmes which are used
to control the system.

After the introduction in Section 4.1 a general discussion of
iﬁterrupts is given in Section 4.2 as some knowledge of interrupt
philosophy is considered to be desirable before attempting to understand
the logic of the on-line system. The chapter then goes on to describe
the logic of the programmes in detail, and gives a full account of how the
transfer of data through the interface is controlled by the programme.
Section 4.6 describes the curve fitting routine which is used.to check
the coordinate measurements of each track, and the way in which the data

are output onto disk as described in Section 4.7.

4.1"Introducfion

Before describing the programmes of the on=line system in any detail
it will be helpful to discuss very briefly'the-overall logic of the system.
Some idea of this has alieédy been given in the previous chapter where
the system was described from the operator's point of view. In this
chapter however, the empﬁasis is on the computer and the programmes which
monitor the operation of tﬁe measuring machines.

Chapter 3 also gave a full description of tﬁe hardware of the system,

but a brief review is given here to draw attention to the main points
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of interest to the programmer.

4.1.1 A review of the hardware

The measuring machines are connected to the IBM 1130 computer
through the Westinghouse interface and an OEM channel. The CPU has 8K
words of core and a cycle time of 3.6 usec. From the start it was
appreciated that with this smalllsize of core it would be necessary to
make the most efficient use possible of the space available. 1In fact
it soon became apparent tﬁat the only way in which this could be done was
to write nearly all of the routines in Assembler language rather than
in Fortran.

Each macﬁine has a control panel through which the operator may
communicate with tﬁe computer, and vice versa. Transfer of data into the
computer is in the form of 16-bit binary words, of which there are seven
associated with each machine. These correspond to the fifteen decade edge
switches and ten latching switches on the control panel, and the X and Y
coordinates.

Output to each measuring machine is in the form of a single 16-bit
word. Fifteen bits are used to illuminate a pattern of lights on the lamp
display of tﬁe control panel. The last bit may be used to sound the alarm.

The data from the machines are output onto magnetic disk. Two disk
drives are available, but the second drive is required to take a separate
disk for tﬁe output of data from the core store of the cosmic ray experi-
ment.

Further information for the operators than é¢an be shown on the lamp
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displays, may be printed on the console printer. These messages are
relayed by closed circuit television to individual monitors placed close

to each measuring machine.

4.1.2 'Logic of operation

Tﬁe design of the on-line system was based upon two fundamental
requirements. Firstly tﬁe system should cﬁeck the data from the measuring
macﬁines as they'are prepared, and secondly, the operators should be
relieved of as much of tﬁe routine part of their wotrk as possible. These
requirements sﬁould not be realised at the expense of flexibility, nor
sﬁould tﬁe operators be deprived of the facility of erasing or remeasuring
points or tracks as thiswas found to be useful in the paper tape system.

It was decided tﬁat tﬁe computer, rather than the operators, would
be in control of the measuring. This means that at the start of each
event the operator must enter a coded topology number which enables the
programme to determine exactly what measurements will be required for that event|

in each view.. The programme then calls for each of the measurements in

. turn.

Tﬁis method requires that the operators all conform to the same order
of measurements for each event. Tﬁe loss of freedom in fﬁis respect is not
considered to be a disadvantage as little use was ever made of this freedom
in tﬁe paper tape system. On the other hand, there are in fact two
considerable édvan;ages of ﬁaving tﬁe computer in contro]%.yirﬁﬁﬁgvoperators
no longer have to precede each measurement with an identifying label so

) secondly
that errors or omissions of labels can no longer occur, and /there is no
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lqngerlany'dqnger'ofLmeaSureméntStbeihg‘omitted;

"The computer must tﬁen keep a list of all the measurements tﬁat are
required for eacﬁ of the possible six events.curfently being measured.
It mus£ also keep account of each measurement as it is made, and know how
mucﬁ of each event has been measured at any time. |

4.1.3 ‘Communication by inteérrupt

Tﬁe measuring machines are not able, of themselves, to transfer data
into the computer. Tﬂis can only be done in response to certain programme
instructions. Therefore, whéenever an operator wishes to transfer data
into the computer she presses one of her interrupt buttons to request the
programme to reéd the data that are available. In response to the interrupt
the programme gives the necessary instructions to read the seven data
words from her machine.

The subsequenf action of the programme depends upon what was
requested by the operator. This is indicated by her choice of interrupt button
(vhether ACCEPT DATA or EXECUTE), and by the settings of the latching
switches on her control panel. The programme finally informs the operator
what she should do next by illuminating the appropriate lamps on her control

panel.

- 4.1.4 Timing congidérations

Since each operator must wait until her intertrupt request has been
attended to‘before proceeding with the next measurement, it is important

that the computer's rate of response to each interrupt should be more than
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fast enough to keep pace with the operator's rate of measuring. Most

of the operators can work at the rate of about three interrupts in two
seconds when they are measuring the 8 or 9 points which are required for
each track. At other times the measuring rate is rather less than this.

If the programme is to be able to respond to as many as six machines being
operated simultaneously without causing the operators any noticeable delay,
then the time required to service each interrupt should not be more than
0.1 to 0.2 seconds. Later in this chapter it will be seen how this

restriction affects the programme.

4.2 Interrupts

The different instructions that make up any programme are normally
executed sequentially. Any deviation from this requires the execution of
a branch instruction wﬁicﬁ causes control to be transferred to an instruc-
tion other than the one immediately following.

However, there are sitﬁations in which it is necessary to interrupt
the usual sequence of execution in order to allow the CPU to execute a
different sequence of instructions of higher priority. When the CPU
has completed the higher priority routine it usually returns to the

original sequence of instructions and resumes execution from the point

at which the interrupt occurred.
The use of such interrupts is fundamental to the operation of most
computing systems, as it not only allows the operator to intervene in

the execution of a programme, but it also makes it possible for most
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input and output (I/0) devices to operate while the CPU continues the
execution of a main programme. Wﬁen the I/0 device requires attention
from the CPU it raises an interrupt which forces the CPU to give priority
to the requirements of the I/0 device.

Although interrupts are widely used by most computing systems, the
present discussion refers specifically to the IBM 1130 system, and to

the operation of the OEM channel in particular.

Tﬁe actual operation of all I/0 devices is controlled by the
programme in the CPU. Tﬁey cannot operate independently of the CPU, but
rely upon it to éontrél every function by means of control commands.

Usually the operétion of an I/0 device is initiated by the execution
of a control command in the programme, and while the operation is being
performed the main programme continues execution: When the required
_function has been completed, the I/0 device informs the CPU by raising
an interrupt.

The interrupt forces a branch out of the main programme into.an I/0
routine. Tﬁe'I/O routine tﬁen determines the cause of the interrupt
and executes tﬁe next control command if this is required. After the
interrupt ﬁas been attended to, a.branch instruction in the I/0 routine

returns control to the main programme that was interrupted and its

execution 1s resumed.




4.2.2 Interrupt levels

There are six different priorities or interrupt levels within the
1130 system, and each 1/0 device is assigned to one or more of these

levels. In Table 4.1 the interrupt levels used by some of the more

common I/0 devices are shown.

Table 4.1

Table of I/0 devices and interrupt levels of IBM 1130 system

Interrupt level

Device

.0

‘1442 Card Read Punch (column interrupt)

1132 Printer

*
*

Disk Storage
Storage Access Channel (SAC) (for second
disk drive)

1627 Plotter
OEM Channel
SAC

..SAC . .

‘1442 Card Read Punch (operation complete
interrupt)

Keyboard/Console Printer

1134 Paper Tape Reader

1055 Paper Tape Punch

2501 Card Reader

1403 Printer

1231 Optical Mark Page Reader

..SAC. . . .

Console (INT RUN and PROGRAM STOP)

* Items marked with

"an asterisk are part of the on-line ststem.
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Those devices using tﬁe interrupt levels of ﬁigﬁ priority are able
to interrupt tﬁe servicing of low priority interrupts in the same way
tﬁat an interrupt on any level can interrupt the execution of a main
p;ogr;mme. In tﬁis respect level O has priority over all the others,
while level 5 has the least priority.

Associated'witﬁ'eacﬁ interrupt level there is an interrupt level
subroutine.’ Tﬁe six core locations 8 to 13 are reserved for the starfing
addresses of tﬁe six interrupt level subroutines, so tﬁat wﬁén an interrupt

occurs the CPU can force a branch to the correct subroutine.

When an interrupt occurs, tﬁe CPU forced branch is not executed
until tﬁe main programme instruction currently being executed is completed.
Tﬁe brancﬁ, wﬁicﬁ is in tﬁe form of a BSI instruction (branch and store
instruction address register), then stores the address of the next main
programme instruction in the first word of the interrupt level subroutine,
and transfers control to the second word. The storing of this address
enables tﬁe subroutine to return control to the correct instruction in
the main programme Wﬁén it ﬁas finished servicing the interrupt.

Before tﬁe-I/O routine attends to the interrupt it must save the
contents of all of tﬁe macﬁine registers tﬁat it will use during the
servicing of tﬁe interrupt. Tﬁese values are stored in core, and are
restored to tﬁe tegiéters before control is returned to the main programme.

If this were not done it would not be possible for the execution of the
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main programme to .be resumed as vital information would ﬁave been destroyed.

Associated with each of tﬁe interrupt levels 1 to'5 tﬁere is an
interrupt level status word (ILSW). Eacﬁ ILSW is a 16-bit register which
may be read into tﬁe.accumulator in tﬁe CPU. Tﬁe different bits in each
ILSW are assigned to the different I/0 devices that can interrupt on
tﬁat level (see Figure 4.1).

Similarly there is a device status word (DSW) associated with each

'1/0 device. Each DSW has at the most 16 bits, which may be read into
tﬁe accumulator, or read‘and reset by tﬁe programme. The different bits
in the DSW are used to indicate different conditions of the device.

The determination of the cause of an interrupt usually involves the
examination of both the ILSW and the appropriate DSW. The ILSW is
examined first to determine which device raised the interrupt. Then,
when the device is known, the appropriate DSW is examined to find out
wﬁat condition of tﬁe device caused the interrupt to be raised.

The programme can then respond to the interrupt by executing the
required control command. For example, the interrupt might have been
given during tﬁé transfer of data into the computer. As each data word

becomes available for reading in, an interrupt is raised. The programme

should respond by executing a read instruction. Similarly, during the
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output of data, the device will interrupt whén it has received each data
word to indicate that it is ready to receive the next word. In this case the

programme should respond by executing the next write instruction.

- 4.2.4 "OEM channel

In the case of the OEM channel the interrupts are raised on level 3.
As can be seen from Table 4.1 two'otﬁer devices, namely the storage access
channel and tﬁe 1627 plotter, may use level 3 interrupts. However, the
Durham on-line system has neither of these devices, on this level, so
that the OEM channel is tﬁe only device in the system that can interrupt
on level 3. It is therefore not necessary to examine the level 3 ILSW
since any interrupt on that level must have come from the OEM channel.

There are effectively two device status words associated with the
OEM channel, although in the Durham system only one of these is used. It
is more often referred to as the interrupt register and is described in

some detail in Section 4.5.1.

- 4.2.5 'Inhibition of interrupts

During the servicing of any interrupt, further interrupts on the
same, or lower, priority  level are inhibited. This is because once the
interrupt is raised, it remains on until it is switchéd off by the
execution of a BOSC instruction (branch or skip on condition), and it
is not until the interrupt has been switched off that another interrupt

on the same, or lower, priority level will be recognised. Usually the
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. BOSC ins;ruction,pétturn_off the interrupt is executed when it is required
to'.return control to' the main programme after the interrupt has been
serviced. 1In tﬁis way tﬁe programme can complete the servicing of one
interrupt before at?ending t0'tﬁe.next one.

It ﬁas alreédy been’ explained how the use of interrupts makes it
possible for tﬁe main programme to' continue execution while an I/0 device
is operating.. However, it is also pessible for an I/0 device to operate
simultaneously with tﬁe execution of an interrupt subroutine, provided
the I/0 device uses interrupts of a higher priority level. If this were
not the case, then tﬁe interrupts from tﬁe-I/O device would not be recog-
nised and so the programme would not be able to give éhe necessary control
commands whéen required. For example, a level 3 routine may be executed
simultaneously with the eration of disk input or output which uses level
2 interrupts, but not with tﬁe operation of the console printer which

uses level 4.

- 4,2,6 "Operator initiated interrupts

Altﬁqugﬁ the most frequent use of interrupts is to inform the CPU when
a CPU initiated operation ﬁas been completed, interrupts may also be used
to allow operator intervention in the execution of a programme. One example
of this is tﬁe INT REQ (interrupt request) key on tﬁe console keyboard
of tﬁe computer., When this is pressed, a level 4 interrupt is raised and
tﬁe usual CPU forced BSI instruction is executed. The subsequent action

of tﬁe CPU depends on tﬁe programme itself and so may be determined by
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the user.
Interrupts of this kind may be feferfed to as operator initiated
interrupts as they are the direct result of an action by the operator.
In the on-line system interrupts of this kind play a very important part.
There are two interrupt buttons on each measuring machine, and since
these are conmmected to the CPU tﬁrough the OEM channel, the interrupt
that is.raised is on level 3. The operator uses these interrupts to
inform the computer when she has data available for reading in, and so
the computer must be programmed to respond to the interrupt by reading

in the data from her machine.

- 4.3 Interrupt logic

In the on-line system the computer is used not just for the collection
of data as they become available, but aléo as a monitor which both controls
the measuring macﬁineé and cﬁecks the data as they are prepared. Basicall;
the backgroun@ programme is in a WAIT, pending an interrupt from one
of the measuring machines.

The response to the interrupt involves the reading in of the seven
data words from the machine that raised the interrupt. The subsequent
action of the programme depends upon wﬁich of tﬁe two interrupt buttons
was pressed, and whicﬁ of the latching switches on the control panel were
set. In each case the final response to the interrupt involves the output
of a digital output word (DOPW) to the lamp display on the control panel

of the machine. This completes the interrupt servicing, and a BOSC
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instruction is given to turn off the interrupt.:

4.3.1 Response to an interrupt

The pressing of an interrupt button on any of the machines causes
a programme interrupt on level 3., By hardware control a forced BSI
instruction is executed which transfers control to the routine OEMI,
which services the OEM channel interrupts.

The first response to any interrupt is always ‘to save the machine
registers, and then to determine the cause of the interrupt. In .the on—
line system there is never any doubt about which device can have raised an
interrupt on level 3, as the OEM channel is tﬁe only device in the system
which uses that level,

The brogramme does'ﬁoweVer; have to determine whéther it was raised
by one of tﬁe measuring macﬁines, or by Ehe core store of the cosmic ray
experiment,- This i; done bi examining the interrupt register which is
one of two device status words associated with the OEM channel., (It is
described in detail in Section 4.5.1.)

In the case of an interrupt from one of the measuring machines it is
necessary to determine which machine was requesting attention. A special
register ﬁitﬁin tﬁe interface, tﬁe Westinghouse device status word, holds
tﬁis,information. By examining this wotrd, the programme can determine
not only wﬁich machine raised the interrupt, but which interrupt button
was used (see Section 4.5.2).

Once this is known, the programme can read in the seven data words
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from that machine.- These are stored in the higﬁ core storage addresses
where they may be .:@Ccessed by any of the sevgral routines which may be
called upon to process them,

If the ACCEPT DATA button had been used to raise the interrupt the
sign bit (bit 0) is set in the word which holds the settings of the latching
switches, - Anéther part of the programme later examines this word to deter-
mine what was requested by the operator, and to select the appropriate
routine to process the data. This word, which is referred to as the

function request word, is illustrated in Figure 4.2.

4,3,2 Selection of data processing routine

Tﬁe selection of the routine to process the data is illustrated in
Figure 4.3. 1It involves tﬁe examination of the function request word.

The programme begins by examining the sign bit to determine which
interrupt button had been used. If the sign bit is set the interrupt was
raised by the ACCEPT DATA button, in which case the request is for the
start of a new event and the routine NEVT is called.

If the EXECUTE interrupt button had been used the sign bié is not
set and the programme then scans bits .6 to 15 of the function request
word to determine which latching switches had been set. A series of
SLA (shift left accumulator) instructions is used for this. Except for
two special céses only the left-most bit that is set is noticed by the
programme. The special cases (see Eigufe 4.3) are the ERASE TRACK and

the CHECK settings.
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As the EXECUTE interrupt is inhibited when nome of the latching
switches is on, it might be considered redundant to check for the fimal
possibility, READ POINT, when all the others are off. However, it is
possible, though unlikely, for an operator to raise an interrupt with
her EXECUTE button, and then reset whichever latching switch was set on
her control panel before the programme reads these settings. In such a
case, it will appear to the programme as if none of the switéhes had been
set. Instead of assuming tﬁat the READ POINT switch was set, the programme
causes an error message to be printed to inform the operator that her
last request was not understood.

The sequence of instructions which is responsible for examining the
function request word and for calling the appropriate routines to process
the &ata, is part of a controlling routine called MAINE. The other
functions carried out by the rest of this routine are described in
Section 4.3,5.

~ 4,3.3 Data processing routines

Any one of elevén routines may be selected by MAINE to process the
data whiéh have been réad in from a machine in response to an interrupt.
The names of these routines all appear in Figure 4.3. This logic diagram
also indicates the type of requeét that each routine has to handle,

Althqugﬁ the main function of each routine is peculiar to itself,
there are some minor functions which are common to all of them, The first
responsibility of each routine is to check that the request indicated

is a valid one. For example the END TRACK setting is not valid when the
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operator is being asked to measure an individually labelled point, or
again the ERASE POINT is not valid just after a track has been completed
and accepted.

If the request is not valid the routine initiates the printing of
a coded error message which ... informs the operator of the nature of the
fault,

" If the request is valid, the routine will proceed to fulfil! its
main function which may involve the setting up of a new éevent, or the storing
of a pair of coordinates, or the checking of the coordinates of a completed
track, or the erasure of tﬁe last point measured, and so on,

In every case, the routine has to prepare the digital output word
which will be used to illuminate the lamp display at the conclusion of the
interrupt servicing. TﬁiZ?Egll include the alarm bit if the routine ﬁas
detected any error condition such as an invalid request, or if the data
which have been examined are found to be unacceptable as in the case of
a track which fails the curve fitting test.

The routine finally returns control to MAINE as shown in Figure 4.3,
MAINE then transfers control to OEMI as this routine includes the sequence

of instructions which control the output of the DOPW to the lamp display.

The routine whicﬁ services the.level 3 interrupts from the OEM channel
is called OEMI., This routine is responsible for controlling all movement
of data through the interface, It saves the machine registers when an

interrupt occurs, determines which machine raised the interrupt, and reads




in the seven data wotds from that machine. After the data héve been
processed by MAINE, OEMI routes the DOPW to the lamp display of the machine
and turns off the interrupt.

(a) Handling of different interrupt 1gvels

After an interrupt has been raised it remains on until it is turned
off by the execution of a BOSC instruction. So long as it remains on, any
further interrupts on the same, or lower, prioriﬁy level will be inhibited.
Thus, if the routine OEMI does not execute a BOSC instruction until the
servicing of each interrupt has been completed, there will be no possibility
of one machine interrupting the servicing.of another macﬁine.

The situation is c&mplicated however, by allowing the response to certain
interrupts to require the printing of a message on the console prinEer.
This may be an error message which is given when an invalid interrupt is
made, or when the coordinates themselves are not acceptable. A printed
message is also given when the operator requests more information then is
~given on her lamp display about what she should do next. Another use of
the printer is to log the start of each event,

In each of these cases the use of the printer is required as part of
the response to an interrupt. Now the console printer uses level 4
interrupts and so cannot operate simultaneously witﬁ the execution of a
level 3 routine as its interrupts would not be recognised. It is therefore
necessary for a BOSC instruction to be given during the servicing of the
level 3 interrupt to turn off that interrupt level before the imstructions

are given to initiate the operation of the console printer. The servicing
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of the level 3 interrupt then continues at main level although control
is not returned to the background programme that was interrupted until
the servicing is completed.

Once the BOSC instruction has been executed it immediately becomes
possible for another machine to raise an interrupt. In order to avoid
the confusion that would arise if the programme were forced to abandon the
servicing of one interrupt to attend to another interrupt, a'busy flag'
is set by the interrupt programme before the BOSC.instruction is given,
and it is not cleared until the servicing of the interrupt has been
completed, Any interrupts occurring while the 'busy flag' is set are
noted, but are not attended to until the servicing of the current interrupt
has been completed.

Before completing tﬁe servicing of each interrupt the programme
returns to interrupt level 3 for the output of the DOPW to lamp display.
The only way of switching on an interrupt level is to raise an interrupt,
and in this case a programme initiated interrupt, or forced interrupt,
is required. The way in wﬁich this is done is described in Section 4.5.1.
The DOPW is then output to the lamp display, and the 'busy flag' is
cleared.

Provided no further interrupts have occurred in the meantime, the
final BOSC instruction is given to switch off the interrupt level again
and return comtrol to tﬁe main p:ograﬁme. If however, further interrupts
ﬁave occurred, tﬁe BOSC instruction is not given immediately. The
interrupt level remains on and the programme proceeds to service the second

intertupt as if it had just occurred.
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A simplified form of tﬁe logic of tﬁe OEMI routine is shown in
Figure 4.4 (the complete flow diagram is shown in Appendix A), and that
part of the servicing which takes place at main programme level is illus-
trated in Figure 4.5, An examination of Figure 4.5 reveals that the ‘busy
flag' is also used to inform this part of the p:ogfamme that it is
réquired to process the data which have just been read in. This diagram
is also simplified for the sake of clarity but is shown in its complete
form in Figure 4.6,

(b) Cycling of priorities

So long as each interrupt from a measuring machine is serviced
comﬁletely before any other interrupt is raised, there can be no question
of one machine receiving more rapid attention than any other, However,
when several machines are being operated simultaneously it frequently
happens that interrupts are raised wﬁile the computer is already busy
servicing anotﬁer interrupt,

When the servicing of the first interrupt is completed, the programme
examines the Westinghouse device status word (see Section 4.,5.2 and
Figure 4.10) to see if any other interrupts have been raised in the meantime,
As this wotrd ltHé'Wﬁﬁsws‘EE;eké@ingd by shifting its bit pattern to the
left until a M1 - bit" is shifted into the sign position (bit O) then
the two bits for machine 6 will be detected before ény of the bits for the
other five machines, -

If the WHDSW.is read and examined in this way after each interrupt

has been serviced, machine 6 will always have priority over all the other
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machines, and it could happen that an interrupt from machine 1 could be
left unattende& for some time,

In order to reduce this lack of balance in priorities, the WHDSW is
not read again immediately following the completion of the servicing of
each interrupt., After tﬁe‘WHDSW ﬁas been examined and the left most bit
has been detected, the remaining bits of the WHDSW are preserved for future
examination. Then, when the_servicing of the first interrupt has been
completed, the programme examines the remaining bits of the WHDSW that
were preserved after the previous examination., In this way the interrupts
corresponding to any other bits that were set in the WHDSW when it was
last read in, will be serviced before the WHDSW is read in again. While still
giving some priority to machine 6, this method does ensure that no machine

can be ignored indefinitely,

During the initial testing of the on-line system it was found that the
interrupt buttons were occasionally raising two interrupts at a time.
Special switches were being used which were designed to prevent contact
bounce, but no amount of careful handling could eliminate this effect
altogether,

In the case of the ACCEPT DATA interrupt button which is used to
indicate the start of a new event, a double interrupt creéies no problem
as it only causes the programme to initialise the event twice. Two sets

of the heading information for the event are prepared for output onto

disk, but tﬁe first is discarded when the data are edited by SORT before

being input to NUMAC,
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A double interrupt from the EXECUTE button, on tﬁe other hand, is
most undesirable as two responses to the same intgrrupt would interfere
with the correct measurement of the event. Depending upon which latching
switches on the control panel were set at the time, this might or might
not have rgsulted in the printing of an error message, and so the
operator might or might not have been aware that a double interrupt had
occurred.

Unlike the ACCEPT DATA button, the EXECUTE button not only raises an
interrupt, but also causes_the contents of the X and Y coordinate registers to
be transferred into two buffers. This is to allow the operator to move
away from the point on which she has just set before the coordinate
measurements are actually read by the computer.

Whenever a double interrupt from the EXECUTE button occufs, the
coordinate buffers’ are only loaded with tﬁe coordinates on the first
interrupt. This means tﬁat wﬁen tﬂe coordinate buffers are read by the
programme in response to the second interrupt both coordinates are found
to be zero. The computer is therefore programmed to examine the coordinates
that are read in after each interrupt, so that if both are found to be zero
the interrupt is not serviced in the usual way but is ignored, except for
the printing of a message which simply records that a double interrupt
has been detected. The alarm is not sounded and the operator is able to

proceed as if nothing had happened.

The main programme which is in core during on-line control of the
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measuring systém is called MAINE. Some parts of its' function Have already
been described, in particular tﬁe part wﬁicﬁ selectS'tﬁe appropriate
routine to process tﬁe data from eacﬁ interrupt,

The programme MAINE does however; ﬁave more to do than is indicated
in Figure 4.5, wﬁere it appears as if tﬁe background programme is nothing
but a WAIT, followed by an examination of the 'busy flag'.

The complete background programme is illustrated in Figure 4.6, Here it
can be seen that, before cﬁecking the 'busy flag', MAINE reads the console
entry switches (CES) whenever it leaves the WAIT. The CES are a set of
16 toggle switches on the computer console, which are numbered O to 15
;nd whose settings may be read by the programme, Each reading is compared
with the previous reading wﬁich is recorded in one of the high core storage
a&dresses.

Switch 15 is examined first to see if its setting has changed since the
previous time tﬁe CES wetre read. Tﬁis switch is used to indicate whether
or not the interrupts from the core store of the cosmic ray experiment are
to be serviced. If it is not on, the programme will not read in any data
from the core store if it raises am interrupt, but will only clear the
interrupt. When switch 15 is switched on MAINE calls a routine called CRINT
to perform certain initialising functions that are required before data from
the core store can be handled correctly. Similarly there is a shutting down
procedure called CRSD which is called by MAINE when switch 15 has been
turned off.

In much tﬁe'same way switches 1 to 6 are usea to indicate which

measuring machines are curfently being operated. The programme checks for
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any change in the settings of tﬁose switcﬁes; If tﬁere is a cﬁ;nge the
new Settings are recorded. Any interrupts from a macﬁine wﬁbse corresponding
console entry switch is not set, will not be serviced; The data words will
still be read in as usual so tﬁat tﬁe interrupt will be cleared, but no
examination of the data will take plgce and no DOPW will be output,

If at any time it is found tﬁat switcﬁes 1 to 6 have all been switched
off, then the programme calls a closing down routine called END, Once END
. has been executed, no more data from tﬁe measuring machines can be accepted.
If it is required to resume measuring, then the programme must be reloaded.

If switch .15 is also off when switches 1 to 6 are turned off, then
neither the measuring machine nor the core store interrupts are to be
serviced and so the programme is terminated by the execution of an EXIT
instruction.

If, however, some of tﬁe switches are on, the programme checks the

'busy flag' to determine whether or not there are data from a measuring

machine which are waiting to be examined. If the 'busy flag' is not set,
the programme returns to the WAIT until the next interrupt occurs, or until the
PROGRAM START button on the computer console is pressed.

If the 'busy flag' is set, MAINE proceeds as described in Section
- 4.,3.2 to examine the function request word to determine which data processing
routine to call, Tﬁis data processing routine prepares a DOPW before
returning control to MAINE, which then transfers control to OEMI for the
output of the DOPW. After the DOPW has been routed to the appropriate lamp

display and the 'busy flag' cleared, OEMI checks to see if any more
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interrupts have occurred in the meantime, If there have been no further
interrupts OEMI returns control to MAINE which then returns to the WAIT.

On the other hand, if another interrupt has occurred in the meantime,
OEMI turns its attention to this second interrupt as soon as it has finished
with the first., It reads in tﬁe seven data words from the second machine that
interrupted, and sets the 'busy flag' again, before returning control to
MAINE, MAINE detects the 'busy flag' as it did for the first interrupt,
and once again it examines the function request word to determine which
routine to call to process the data.

Thfé cycle continues until all outstanding interrupts have been
serviced, When this happens OEMI clears the 'busy flag' before returning
control to MAINE after completing the servicing of the final interrupt.

Only then does MAINE return to the WAIT.

In order to keep a record of the progress made tﬁrqughout the measure-
ment of each event, the programme holds certain details of the event in
core. Some of the data for tﬁe event have also to be held in core., In
particular the coordinates of each track have to be held until the track
is completed so that tﬁey may be checked by the curve fitting routine before
being output onto' the disk. Certain referencing information is also
required to enable the coordinates to be associated later with the correct

points and tracks.
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Most of these data'are.ﬁéld in a common area at the top of core where
they are accessible to all the various routines which make up the controlling
programme for the on-line system. This makes it possible to keep the
passing of arguments betweén tﬁe different routines down to a minimum, and
so results in a valuable saving of core space.

4.4,1 Common

Of .the 8192 ; words which make up the core of the CPU, just over 2000
words are allocated to "common". Those words, which are lccated at the
high core storage addresses, contain essentially all the data that are held
in core during the measurement of each event,

Most of common is in the form of arrays with space allocated to each
of the possible six measuring macﬁines. It also includes two 320 word
disk output buffers, one for the output of data from the measuring machines,
and one for the output of data from the core store of the cosmic ray
experiment,

A list of the different variables in common, and their dimensions
is given in Table 4.2, Tﬁe addresses are shown in their hexadecimal form
(base 16), and are given relative to a core of 32K words. Tﬁese-addresses
are also applicable to a core of 8K words because of the 'wraparound' method
of interpreting core storage addresses. Tﬁe reason for giving the addresses
in tﬁis'form is to make tﬁe programmes compatible with a 16K or a 32K
machine, so tﬁat, sﬁould tﬁé'CPU ever be updated by tﬁe addition of extra
core,'tﬁe programmes for the on-line system could continue to be used

without modification.

e




‘Table 4 2

LABEL No. OF WORDS CORE ADDRESSES DESCRIPTION
DATAT (8) 8. . 7FFF - 7FF8 Data Table
DOPW 1 7FF7 Digital output word
FRW 1 - 7FF6 " | Function request woid
CRES :(327)- - 327 7FF5 ~ 7EAF Cosmic ray reservation
DTOP (43) - 43,7 7JEAE - 7E84 Digested topology
0AC (324). 324 . 7E83 - 7D40 Output area and counters
DATE (2). 2 7D3F - 7D3E Date
CARDS (240) -240. - 7D3D - 7C4E Cards
CARD (72) .72 7C4D - 7C06 Card
FDCLS(3,4,6) - 72 7C05 - 7BBE Fiducial references
PNTS (4,8,6) 192 . 1BED - TAFE Point references
TRCKS (7,10,6) 420 7AFD - 795A Track references
PNO (6) 6 7959 - 7954 No. of points on current track
TRACK(2,15,6) 180 - 7953 - 78A0. Cordinates of current track
CPNO(6) ' 6 - 789F ~ 789A No. of coordinate pairs
FDCL(2,4,6) - 48. 7899 - 786A Fiducial coordinates
APEX (2,6) 12 - 7869 - 785E Apex check coordinates
NPL (6) 6 785D - 7858 Number of point labels
NTL (6) 6 7857 - 7852 Number of track labels
POSTN (6) 6 7851 - 784C Position
CRNPL (6) 6 784B. - 7846 Number of point labels at

' last check
CKNTL (6) 6 7845 - 7840 Number of track labels at
last check

CKPOS (6) 6 783F - 783A Position at last check
VIEW (6) 6 - 7839 - 7834 View
OPER (6) 6 - 7833 - 782E Operator and experlment number
ENDF (6) 6 782D - 7828 | End flag
APXF (6) 6 7827 - 7822 Apex flag

STF (6) 6 7821 - 781C Short track flag
FDCLF (6) 6 781B - 7816 Fiducial flag
LAB 1 7815 Label argument

" Note Core addresses are shown in hexadecimal form
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Starting from tﬁe'ﬁigﬁest addresses in core, the first 8 woids are
used’ for tﬁe number’ of tﬁe macﬁine currently being, or most recently having
been serviced, and the seven data words which were read in from that machine.
The location /7FF7 is used to hold the digital output word which is prepared
in response to eacﬁ interrupt. Tﬁe settings of tﬁe console entry switches,
wﬁicﬁ are used to indicate wﬁicﬁ machines are being operated, are recorded
in location /7FF6.

Tﬁe next 327 wotrds are reserved for the handling of data from the
core store of the cosmic ray experiment., They include a 320 word disk
output buffer,

During the measurement of each event the programme keeps a record of
all the measurements required for that event., This information, for all
of the six machines, is stored in the array DTOP which is described in
the next section.

This is followed by the disk output buffer which is used for the data
from the measuring macﬁines. A few wotrds are also reserved for some
counters which are used in connection with the output of data onto disk,

Two wotrds are required for tﬁe date which is stored in binary coded
decimal.,

The 240 word array called CARDS consists of six 40 word card images,
one corresponding to each of the six measuring machines. Data are collected
in these card images in packed céding, two characters per word, before
being transferred to the disk buffer for output onto disk. The single

72 word array CARD is also used for preparing data for output. Full
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details of how the data are prepared for output afq given in Section 4.7.

During the measurement of each event tﬁe coordinates are transferred
to the disk in essentially tﬁe.same order as tﬁe measurements are made,

In order to associate the coordinates later with the appropriate points
and tracks, certain referencing information is collected in the arrays
FDCLS, PNTS and TRCKS tﬁrqugﬁéut the measurement of each event, The arrays
PNTS and TRCKS also hold the labels of the points and tracks which are
required for the events currently being measured. Sufficient space is
allocated to these arrays to allow for a maximum of eight individually
labelled points, and ten tracks to be measured for any event,

The array PNO keeps a record of the numb;r of points already measured
on the current track. As usual there are six woids in this array, one
corresponding to each of the six machines. The coordinates of each track
are stored in the array TRACK until the measurement of the track has been .
completed, Acceptable measurements are then prepared for output onto disk,
while unacceptable measurements will be overwritten as the track is
remeasured. Amaximum of .15 points may be measured on each track.

During the measurement of each event a record éf the number of coordin-
ate pairs that Eave been prepared for output is kept in the array CPNO,

The measurements of the four fiducials in each view are held in the
array FDCL until the view is completed. This makes it possible for the
relative positions of the fiducials to be checked before the complete view

is accepted, although there is insufficient core space available at the

moment to accommodate the checking routine.
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The next array APEX, was included to ﬁold tﬁe coordinates of the apex
setting values from each of the six machines. This setting value is
entered at the start of each view and any later measurements of the apex
are compared with the setting value to determine wﬁether or not the digit—
isers on the measuring machines are counting correctly. Later on it was
decided to insist upon the same setting value for each of the measuring
machines so that this array is no longer required. However, it has not
been removed as it may be found déesirable at some later stage to vary the
setting value from one machine to another,

Throughout the measurement of each event the programme keeps a record
of the progress made. The array POSTN records a number corresponding to
the measurement currently being requested (see Section 4.4.3). NPL and
NTL record the number of individually labelled points and tracks respectively
which have already been accepted for the view currently being measured.

The arrays CKNPL, CKNTL and CKPOS preserve the values that were in
NPL, NTL and POSTN respectively wﬁen tﬁe last successful apex check was
made. This enables the programme to return to that ﬁosition in the sequence
of measuring wﬁen the apex check was last accepted, should a subsequent
failure occur, Tﬁe values of CKNPL, CKNTL and CKPOS are updated after
a specific request for an apex check has been successful, or after the
measurement of a track ﬁas been accepted by the curve fitting routine.

The number of the view currently being measured is recorded in the
array VIEW, and OEER-ﬁolds the current values of both the experiment number

and the operator number which are read in from the decade edge switches
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of the control panel when the operator signs on at the beginning of her
shift,

The final four arrays are flags which are used by the programme for var-
ious purposes., For example, the use of ENDF provides a safeguard which
prevents an operator from signing off by accident when she is in the
process of measuring an event, STF is used to allow the operator to add
more points to a track which has failed because insufficient points were
measured or because the sagitté was too small, The use of STF also makes
it possible for the programme to accept a track with no measured points.

The last word in common, called LAB, is used as a return argument by
twos.o™> .. routines whose task is to determine what kind of measurement
was last requested, whether it was for a point or a track, or if it was
for a fiducial mark and if so which fiducial,

There are a few other arrays which are not in common, but which are
located within the subprogrammes that require them.. Each is used only
by the subprogramme of wﬁicﬁ it is a part, and so does not need to be

incorporated in common.

- 44,4,2 The start of an évent

Some of the arrays in common require to be initialised at the
beginning of each event, In particular the array DTOP is set up to indicate
which measurements are required for the event'just being started. Then
the labels corresponding to the points and tracks that are to be measured
are set up in the arrays PNTS and TRCKS,

This is all dome by the routine TOPOL which is called by NEVT after
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an ACCEPT DATA interrupt has been raised. Tﬁe arrays are initialised

as TOPOL interprets the topology.coding tﬁat was read from tﬁe second row
of decade edge switcﬁes'on the control panel.Of the seven digits available,
only five are used at present, and these are interpreted as illustrated

in Figure 4.7.

Some form of packing was required in order to code the whole event
in seven digits. The method used, that of coding two distinct quantities
on each of three of the switches, was chosen as it is particularly easy
to decode. Eath decade switch is read into the computer as four bits of
a binary word. The four bits may be divided into two groups of two bits
each, In the case of short stopping tracks the first two bits give the
binary count of the number of short stopping protons, and the second two
give the binary count of the number of short stopping pions. Since the
maximum value tﬁat can be represented on a decade switch is 9, this
method imposes some restriction on the possible combinations of special
tracks for any particular event. In practice however, an event is rarely
found which cannot be coded in tﬁis way.

Before setting up the list of measurements corresponding to the
topology given, the topology is checked to see if it is acceptable. This
involves making sure that the topology corresponds to an event which the
on-line system can handle, and checking that the topelogy is self-compatible.
Examples of unacceptable events would include any requiring more than two
short stopping pions to be measured, or more than eight ordinary (not

stopping) tracks. In short, any event which cannot be represented by some -
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combination of the 43 méasurements listed in Table 4.3, cannot be handled
by the on-line system. An example of an event which is not self-compatible
would be one which requires the measurement of two'sﬁort stopping tracks
and one long stopping track, and yet was coded as having only two secondary
tracks altogether.
Provided the topology is acceptable, TOPOL prepares a list of all the
measurements that are required for the event, The array DTOP (see Section
- 4,4,1) which has one word corresponding to each of the 43 measurements
that may be included in any event, is used. Only six bits of each word
are required, one associated with each of the six measuring machines
(see Figure 4,8), The appropriate bit is set in each word which corresponds
to a measurement that is required., Some examples of the settings in DTOP
tﬁat correspond to events of different topologies are shown in Table 4.3.
The measurements are requested in the order that they appear in the
complete list of 43 measurements in Table 4.3, and the coordinates are
output onto'disk in essentially the same order. On the disk the measurements
for each event appear in the form of a bank of some 100 or more coordinate
pairs., To enable these measurements to be associated later with the
correct points and tracks, the programme records the position, within this
bank, of the coordinates of each measurement, as they are prepared for
output, Thgse addresses are stored in the arrays EDCLS, PNTS and TRCKS
(see Section 4.4.1), which have sufficient space allocated to them to
record this information for six different events from the six measuring
machines. As each eveﬁt is started TOPOL reinitialises the appropriate
words in tﬁesé arrays; and .sets up in PNTS and TRCKS the labels corresponding

to the measurements that ﬂai?f““ required.
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. topologies’ )
M/C 1(bit 15)Top.3040000;M/C22bit:14)Top.;2400000_M/C3(bit 13)Top. 4010000

AA

DTOP
POSTN . LABEL 0123456789101112°13'14°15] .DESCRIPTION
1 AA 1 1 Apex
2 A9 1 1 1} Beam track
Z it 'i' } 'i Entry fiducials
: 2 ﬁé 1 Short stopping protons
; ;z:: Short stopping pions
9 PP 1
10 AP 1
11 00 Long stopping protons
12 AO
13 QQ 1
14 AQ 1
15 RR Long stopping pions
16 AR
{17 UuU
18 Ul ' .
19 W Short kinks
20 Vvl
21 AT
22 TT
23 Tl .
24 AS Long kinks
25 SS
26 Sl
27 Al 111
28 A2 1 1
29 A3 1
30 A4 Ordinary secondary tracks
31 A5
32 A6
33 A7
34 A8
35 MM
36 M1
37 M2
38 NN V zeros
39 N1
40 N2 .
41 22 1 1 1| Exit fiducials
42 33 1 1 1
43 1 1 1| Apex check

Note: M/C. = Machine




Machine
Machine
Machine
Machine
Machine

Machine
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O 1 2 3 4 5 6 72 8 ¢ 10 11 1213 14 15

Correspondence between bits

10 to 15 in each wotd of the array DTOP,

and macﬁines 1 to 6

Figure - 4.8
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After'tﬁe topology ﬁas been’ decoded and tﬁe'Various arrays in common
are set by TOPOL for the start of a new éevent, tﬁe aﬁpropriate word in
VIEW is set equal to' 1, and POSTN is also set equal to 1. The programme
then calls for the first measurement in view 1 wﬁich is the apex of- the
eveh?.

When the apex ﬁeaSurement is accepted its coordinates are prepared
for output ontO'diék (see Section 4,7), and the address of its coordinates
within the coordinate bank is stored in PNTS. The programme then scans
through the array DTOP (see Table 4.3) checking only the bit for the
machine concerned, until the next "1 bit" is found. As this will be in the
second word, POSIN will take the value 2, and the programme will call for
tﬁe second measurement wﬁich is the beam track.

Tﬁe coordinates of the beam track are stored in the array TRACK as
they are received, until tﬁe END TRACK setting of the latching switches
on the control panel is detected. The routine FIT (see Section 4,6) is
then called to determine wﬁether or not the track was well measured. If
tﬁe track is accepted its coordinates are prepared for output (see Section
- 4,7), and the number of coordinates, and the address of the first pair of its
coordinates within tﬁe coordinate bank, are stored in the array TRCKS.

The next bit found in DTOP for this machine will be in word 3. This
corresponds to the first entry fiducial 11, and when its coordinates are
received tﬁey are stored in the array FDCL. Likewise the coordinates

of fiducial 44, which is the next measurement to be requested, are stored
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in FDCL.

The programme then scans the array DTOP again, to determine which
measurement is required next, If the next measurement is a long stopping
proton, as in the macﬁine 1 example shown in Table 4.3, tﬁen the
corresponding value for POSTN would be 9, The p:ogramme would then requést
the measurement of PP, the stopping point of the proton, to be measured
next, Its coordinate pair would be prepared for output and the address
of its coordinates stored in PNTS.

POSTN would then take the value 10, and the programme would request
the measurement of the proton stopping track, AP. During the measurement
of this track its coordinates are handled in the same way as the beam
track coordinates were, Tﬁat is, they are stored in the array TRACK as
they are received, and wﬁén tﬁe track measurement has been completed tﬁe
routine FIT is called to check on the accuracy of the measurements. Provided
the measurements are acceptable the coordinates are prepared for output
and the usual references are stored in TRCKS.

The programme continues to call for all the required measurements in
this way, preparing the coordinates for output as they become available,
and storing the necessary referencing information in PNTS and TRCKS.
Finally the measurements of the exit fiducials are requested. Their
coordinates are stored beside those of the entry fiducials in the array
FDCL,- It was ﬁoped to have been able to maké a calculation at this stage
on the four fiducial measurements to chebk on their relative positions,

but this has not been possible because of lack of core space.
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Before the view'is.terﬁinated;tﬁe operator is requested to return
_to the apex so that a cﬁeck can .be made on tﬁe correct counting of tﬁe '
digitisers. The value read in is cﬁecked_against the setting value which
was given at tﬁe start of tﬁe viewt' If‘fﬁis is acceptable the coordinates
of the four fiducials are prepared for output, the addresses of their
coordinates within the coordinate bank are recorded in the array FDCLS,
and the view is terminated.

The same sequence is repeated for views 2 and 3. After the measurement
of view 3 is completed it only remains for all the referencing information

in FDCLS, PNTS and TRCKS to be prepared for output (see Section 4.7).

- 4.4.4 OQverlays

The possibility of using overlays to increase £ﬁe effective core size
of the computer was considered. The principle involved is to make two or
more routines share the same core locations, and to read in from the disk
whichever is required at any particular time. Whenever it is necessary
to change the routine currently in core the programme has to wait while
the new one is read from the disk.

During on-line measuring the disk access mechanism is usually
positioned over the last sector of data to have been written, and will have
to move across the disk if it has to fetch an overlay routine. As more
and more data are written on the disk the access arm has to move further
and further to reacﬁ.these routines when they are required. For a disk
only half filled with-data the time involved would be about half a second,

The next time the programme is ready to write more data onto disk there
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will be a similar time .delay as tﬁe access.mecﬁanism returns to the
position required for writing more data. Since eacﬁ operator can raise
interrupts at tﬁe'rate of more tﬁan one a second, delays ofithis order
will become noticeable when six macﬁines, or even four machines are being
operated simultaneously.

Tﬁe amount of time spent in moving tﬁe access mechanism can be kept
to a minimum if tﬁe routines cﬁosen for overlaying are carefully selected.
Tﬁey sﬁould, if possible, be routines wﬁicﬁ are only seldom used. They
must also be sufficiently long so that the resulting saving of core space
is more than equal to the space requiredfgf.the extra instructions which
are required to handle the overlays.

The only routines in tﬁe on-line system wﬁich are not used frequently
are those whose main function is concerned with the termination of the
programme. These routines are howeVer, quite short, amd could not of
themselves provide the means of gaining extra space in core. Besides the
terminating routines there are those which are used wﬁén an operator
signs on or signs off, but again these are not long enough.

The routine TOPOL, which is used only at the start of each event could
form the basis of an overlay system. Other routines would also have to
be selected to sﬁare tﬁe same core locations and be brought into core only
wﬁen required., Since practically all tﬁe otﬁer routines are frequently
used tﬁrqugﬁout the measuring of eacﬁ event, frequent movement of the access
mecﬁanism would still be required and the average time to service an

interrupt would inevitably increase. .
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The choice tﬁen'is.betWeen maintaining tﬁe rapid response time,
or increasing the effective core size. For tﬁe on-line system a rapid
response to each interrupt is fundamental to its successful operation,
and so it was decided not to use overlays but to make tﬁe best possible

use of the core space available in other ways.,

4.5 Control of data transfers tﬁ10q5h_the interface

Tﬁe routine OEMI wﬁicﬁ services the level 3 interrupts, handles all
movement of data thrqugﬁ the interface. Tﬁis involves tﬁe determination
of the cause of each interrupt, and the reading in and writing out of
data.

In the input mode tﬁe required data word is specified by a coded’
address before it is read by the computer. Similarly, in the output mode,
the required lamp display is specified by a coded address before the
data wotrd is output by the computer.

Since the interface is connected to tﬁe computer through an OEM
channel, all communication between the computer and the interface must
use tﬁe different registers and control lines of the OEM chanmel. Thesé
are controlled by tﬁe programme in the CPU and so the operation of the

interface is also controlled by the CPU.

4,5.1 'Details of the ‘OEM'cﬁannel

All data coming intO'tﬁe computer must be transferred through the 16-

bit input register. A read instruction loads the contents of this register
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into a specified location in core storage.

The 16-bit output register is used to output data to the lamp displays
of the measuring machines, and to transfer addresses to the interface to
specify which lamp display islrequired, or which data word is required to be
read in. Date are written into this register by means of a write instruction,

() Interrupt register

Whenever any of the six bits in tﬁe interrupt register (RI) is set
by the interface, a programme interrupt on level 3 is caused by hardware
control. The different bits are used depending on the cause of the interrupt
(see Figure 4.9). In response to each interrupt the programme examines the
interrupt register to determine the cause of the interrupty:

RI/1 is used during data transfers into the computer. It is set by
the interf;ce when data have been transferred to the input register and
are ready to be read into the computer by airead instruction.

RI/2 is used during data transfers from the computer to the interface.
Data from the computer are transferred to the output register by a write
instruction. The interface informs the computer when it has accepted the
data by setting RI/2.

RI/3 is not used.

RI/4 is used for interrupts from the core store of the cosmic ray
experiment., It is set whenever the core store is ready to tramnsfer its
data into the computer,

R1I/5 is used by the measuring machines. Whenever the ACCEPT DATA or

the EXECUTE interrupt button is pressed on any of the machines, RI/5 is set,
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RI/6 is used for 'forced interrupts'. It is set in response to the
setting by the programme of control line 4,

The different interrupts are all set by hardware control. They are
reset when a sense-and-reset instruction is given by the programme. The
same instruction fransfers the contents of the interrupt register into
bits O to 5 in the accumulator as shown in Figure 4.9. A simple sense
instruction may also be given, which reads the interrupt register without
resetting it.

The interrupt register is inﬁibited when the AUTO/MANUAL switch on
the monitoring panel within the interface is set to MANUAL (see Section
3.3.4).,

(c) Control lines

The OEM channel has four control lines which may be set and reset by
the programme. They are used to inform the interface of the function it
is required to perform. These functions are shown in Table 4.4.

Control line 1 is used with a write instruction to inform the interface
that an input address is available in the output register. The address
may refer to the device status word within the interface or to one of the
seven data words of one of the six measuring machines, or it may refer to
an address within tﬁe core store (see Section 4.5.2), When the iﬁterface
receives this address it transfers the contents of the address into the
input register,.and tﬁe sets RI/1 and RI/2 simultaneously to inform the
computer that tﬁe required data may be read, and that the contents of the

output register have been received.
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Control line 2 is used with a write instruction to inform the inter—
face that an output address is available in the output register (see
Section 4.5.2). In tﬁis case tﬁe address will refer to the lamp display
on one of the six measuring machines. When the interface has received
this address it informs the computer by setting RI/2. Then, when the
data word for the lamp display is output by the computer, the interface

will transfer it to the machine indicated by the address that was given.

© Table “4:b-. -

" 'Control Lines

" controL Lmve | ... . FUNCTION
1 Input address in output register
2 Output address in output register
3 Data for 6utput in output register
4 Force interrupt by setting RI/6

Control line 3 is also used with a write instruction. It informs the
interface that data are available in the output register. The interface
transfers these data to the machine specified by the address that was
 given when control line 2 was set. The interface informs the gomputer
when it has received tﬁe data by setting RI/2.

Control line 4 is used to raise a 'forced interrupt'., The interface

responds by setting RI/6.
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Each control line is reset by the programme after the interface

has performed the required function,

4,5.2 The Westinghouse inteérface

~(a) The Westinghouse ‘device status word

By examining the interrupt register the programme is able to determine
the cause of each interrupt. In tﬁe case of an RI/5 interrupt, the
programme has still to determine which machine caused the interrupt, and
whether the ACCEPT DATA or the EXECUTE interrupt button was used.

This.information is held in a special register within the interface
called the Wéstingﬁouse device status word (WHDSW). Twelve bits are used,
one corresponding to eacﬁ of the twelve interrupt buttons on the six
measuring machines (see Figure 4.10), Whenever any of these is pressed,
the corresponding bit in the WHDSW is set,. For each mééhing the ACCEPT DATA

bit is not reset until the fourth data word from that machine is read by the

computer. The EXECUTE bit is reset when the Y coordinate is read in.

The WHDSW may be read by the programme in the same way as any data
word, by specifying the first of the 44 input addresses used by the
interface,

(b) 'The 'digital-input and output words

Input of data to the computer from the measuriﬁg machines is in the
form of 16-bit binary words. Figure 4.11 illustrates the seven digital
input wotds that are associated with' each machine,

The first four wotrds correspond to the fifteen decade edge switches

on the control panel, Each decade SWitcﬁ is in binary coded decimal and
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so requires four bits, Only ten bits of the fifth word are used, one
corresponding to eacﬁ of the ten latching switches. The final two digital
input words are tﬁe X and Y coordinate buffers respectively.

The ouput of data is also in the form of 16-bit binary words. A single
digital output word is all tﬁat is required to illuginate the lamps on
the control panel of a machine. This word may also be required to sound
the alarm. Figure 4,12 sﬁows'the correspondence betweén the sixteen

bits of the DOPW and the different lamps on the control panel.

(c) * Input and output addresses

In order that tﬁe programme may be able to specify which data word it
wishes to read in at any time, an address is assigned to each input word,
These are listed in Table 4.5. The programme first of all gives the
address corresponding to tﬁe word required, Tﬁe interface decodes this .
address and transfers the appropriate data word into the input register
of tﬁe OEM cﬁannel whére it may be read by the programme.

An examination of Table 4.5 shows that the coded addresses corresponding
to tﬁe seven input data words of each machine, are seven consecutive
numbers, Tﬁis makes it particularly easy for the programme to coﬁtrol
tﬁe input of tﬁe seven data words from any of the six machines,

In tﬁe original specification for‘tﬁe interface, however, the seven
addresses for one of tﬁe macﬂines, macﬁine 5, were not in the form of a
sequence of consecutive numbers. This would not have been difficult to
handle in the programme, but it would have required a longer and more

complicated routine to control the input of data., The addresses given
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Table 4.5 - 117
Ing;;"Addresses
NUMBER "CODED ADDRESS DEVICE 'REFERENCED
1 0010001 Westinghouse devise status word
2 0010010 Machine 1 Edge switches 1-4
3 0010011 " " 5-8
4 0010100 " " " 9-12
5 0010101 " " " 13-15
6 0010110 " 10 latching switches
7 0010111 " X coordinate
8 0011000 " Y coordinate
9 0011001 Machine 2 Edge switches 1-4
10 0011010 " " " 5-8
11 0011011 " " " 9-12
12 0011100 " " " 13-15
13 0011101 " 10 latching switches
14 0011110 " X coordinate
15 0011111 " Y coordinate
16 0100001 Machine 3 Edge sw1tches 1-4
17 0100010 " 5-8
18 0100011 " " " 9-12
19 - 0100100 " " " 13-15
20 0100101 " 10 latching switches
21 0100110 " X coordinate
22 0100111 " Y coordinate
23 0101000 Machine 4 Edge -switches 1-4
24 . 0101001 " " 5-8
.25 0101010 " " " 9-12
26 0101011 " " " 13-15
27. 0101100 " 10 latching switches
28 0101101 " X coordinate
29 - 0101110 " Y coordinate
- 30 1000001 Machine 5 Edge switches 1-4
31 1000010 " " " 5-9
32 1000011 " - " " 9-12
33 1000100 " " " 13-15
34 1000101 " 10'latching switches
35 1000110 " X coordinate
36 1000111 " Y coordinate
37 1001000 Machine 6 Edge switches 1-4
38 1001001 " " 5-9
39 - 1001010 " " " 9-12
40 1001011 " . " " 13-15
41 1001100 " 10 ‘latching switches
- 42. 1001101 " X coordinate
43 - 1001110 " Y coordinate
b4 1001111 Core store of cosmic ray experiment
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in the original specification were therefore modified so that a set of
seven consecitive numbers Was . used as input addresses for each of the
six machines.

A similar set of addresses is used to refer to the lamp displays of

the six measuring macﬁines; These are illustrated in Table 4.6.

" 'Table- 4.6 -

" "Output -Addrésses:

NUMBER_ CODED ADDRESS WORD ADDRESSED
1 0000001 Machine 1 lamp display
2 0000010 : Machine 2 lamp display
3 0000100 Machine 3 lamp display
4 0001000 Macﬁine 4 lamp display
.5 0010000 Machine 5 lamp display
6 _ _6100000 Machine 6 lgmp display

During output of a DOPW tﬁe programme first of all specifies which lamp
display is required by giving tﬁe appropriate address. The interface
then opens the lines to that control panel so that when the DOPW is output

by the computer it is routed by the interface to the required lamp display.

Table 4.5 sﬁowsithat the input address 44 is used to reference the
core store of the cosmic ray experiment. Once this address has been given,

all subsequent addresses refer to locations within the core store, until
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address 1024. is givén;..This.completés'tﬁe transfer of data from the

core store, .

The OEM cﬁannel'is operated under direct control from the CPU. Each
command to the OEM cﬁannél'is in the form of an XIO (execute input/output)
instruction in_conjunction with the apprgpriaté 10CC (input/output control
command);

Each I0CC consists of two consecutive wotrds, the first of which must
be in an even location, The first five bits of the second wotrd contain
tﬁe device code 11000, wﬁich specifies the OEM channel, and the following
tﬁree bits specify tﬁe function tﬁat is required. Tﬁe different functions
tﬁat may be used are now described and summarised in Table 4.7.

“'Write (001) word 1 core storage address

woird 2 1100000100000000{
Tﬁis command causes the contents of the core storage location specified to
be transferred'tO'tﬂe output_;egister of the OEM channel?
' 'Read " (010) woid 1 core storage address
| word 2 1100001000000000
This command causes tﬁe contents of tﬁe input register of the OEM channel
to be transferred to' the core storage location specified.

"~ Control (100) (a) Set word 1 control word

word 2 11000100000000107+

This command (witﬁ'bit-14 equal to 1) is used to set the control lines.
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Only the first four bits of tﬁe control word are used. For each "1-bit"
. the corresponding control line is set. Bit O corresponds to control line

1, bit 1 to control line 2 and so on. For example, the IOCC

word 1 1000000000000000

word 2 1100010000000010
w&uld cause control line 1 to be set.

(b)- Reset word 1 . control word
-_w&rd 2 .1100010000060001,,

This command (with bit .15 equal to 1) is used té reset the control lines,
For each "1-bit" in thé control word, Ebe corresponding control line
is reset, For examfle the I0CC

word 1 0010000000000000

word 2 . 1100010000000001
would cause control line 3 to be reset.

‘Sense(111) (a) Sense only word 1 not used
word 2 1100011101000000

This command (witﬁ bit 9 equallto 1) causes the contenté of the interrupt
register to be transferred to bits O to 5 in the accuﬁulator. The interrupt
register is one of two device status words associated with the OEM channel,
and it is specified by the setting of bit 9. The other device status
word is not used in the on-line system. With this command the interrupt
register is not reset,

(b) Sense and reset word 1 not used

word 2  1100011101000001
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This command, which has bit .15 equal to' 1, causes’ the contents of the
interrupt register to be transferred to bits O to 5 in the accumulator.
At the same time the bifs in tﬁe interrupt register are all reset. Once
again bit 9 is used to specify that tﬁe instruction reférs to the
interrupt register and not to tﬁe other DSW which is not used in the on-
line system,

If it is required to specify theLFotﬁer DSW then bit 9 in the sense
instructions should beequal to zero.

(b) Control sequences for'igput:and'output of data .

When it is required to readin data from tﬁe interface, the computer
must first inform the interface wﬁich input word is required by giving
it the appropriate address. This is done by setting control line 1 and
transferring the address to tﬁe output register.

The interface decodes this address and transfers the contents of
the address into-tﬁe input register. About 20 ﬁsec later it sets RI/1 and
RI/2 simultaneously.- They inform tﬁe programme that the address in the
output register ﬁas beenn received, and that the required data word is
available in the input register. .The programme then .reads the contents of
the input register, and resets  control line 1.

The complete sequence for reading in a data word, and the corresponding
Assembler language coding is shown in figure 4,13, |

A similar sequence of instructions is required to output a word to
the lamp display of one of the measuring machines. In this case control

lines 2 and 3 are botﬁ used.
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Table - 4.7

" for OEM 'Channel

Write (001)

core storage address - | 11000f 001|00000000
devic; code function

‘Read _(610)
core storage address 11000 010 00000000

‘Control (100) (a) Set

control word 11000 100 00000010
(b) Reset
control word 11000 100 00000001

Sense (111) (a) Sense only

11000 111 01000000

(b) Sense and reset

11000 111 01000001
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Set control line 1
Write input address in output register
Wait -
for RI/1
and RI/2
to be
raised

Read data word from input register
Reset control line 1

Ensure even location for IOCC's
IOCC to
set control line 1
IOCC to-
write input address
I0CC to
sense interrupt register
IOCC to
sense and reset interrupt register
I0OCC to
read digital input word
I0CC to -
reset control line 1
Coded input address
Location into which DIPW is read

Note: x is coded input address corresponding to the data

wotd required.

e.g. x = /OOlE if X coordinate from machine 2 is required.
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The address o tﬁe‘réquired lamp display must be output first., It is
written into the output :égister after controel line 2 has been set. When
the interface has received this address it raises interrupt RI/2, Again
the response time is about 20 ﬁsec.

The programme tﬁen sets control line 3 and transfers the output word
to the output register. Wﬁen tﬁe interface receives this word it transfers
it to the required lamp display, and raises RI/2 again,

The complete sequence for transferring a word to the lamp display on
one. of the control panels, and the corresponding Assembler language coding
is shown in Figure 4.14.

(c) ‘Timing ‘considérations

The control sequence which is required to read in data from the inter-—
face includes a period during which the programme is waitig for the interface
to raise RI/1 and RI/2, Similarly, during the output of data there are two
occasions within the control sequence when the programme waits for RI/2
to be raised. In each case the time involved is about 20 us.

This time is so short.that not more than about two instructions could
be executed before the interrupt is raised. The most efficient way of
handiing interrupts within such a short interval is to execute the programme
" on level 3, which prevents the setting of the interrupt register from
actually raising an interrupt. The programme can then sense the interrupt
reégister repeatedly until tﬁe expected settings are observed,

When this method was used initially it was found that occasionally the

programme failed to detect the setting of the interrupt register. At the
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Set control line 2 .
Write output address in output register
Wait
for RI/2
to be
raised
Reset control line 2
Set control line 3
Write output word in output register
Wait
for RI/2
to be
raised
Reset control line 3

Ensure even location for IOCC's
I0CC to

set control line 2
IOCC to

write output address
IOCC to

sense interrupt register
IOCC to sense

and reset interrupt register
I0CC to

reset control line 2
I0CC to

set control line 3
I0CC to

write DOPW

"TI0CC to

reset control line 3
Coded output address

Digital output word

Assembler Coding Required to output one DOPW

y is the coded output address corresponding

to the lamp display required

d is the digital output word to be transferred
to the lamp display




126.

time;'the'SenSe—and—resét“instructiqn was .beingiused to read thé interrupt
.:egister; and it was dedhced'tﬁat tﬁe,senSe and reset functions could not
have occurred exactly simultaneously. This meant that if RI/1 (or RI/2) was
raised after the interrupt ;egistér was sensed and before it was reset,

then it would not .be detected by tﬁe programme,

Tﬁe solution t0'tﬁis problem is to use the sense.only instruction
(C740) which does not reset the interrupt register., When the expected
setting is observed tﬁe register may be reset by the sense—and-reset
instruction (C741). '

Once this cﬁqnge was made there was no further trouble from interrupts

passing undetected.

4.6 Track checking
The curve fitting subroutine is used to check the coordinates of each

track after the operator signals its completion with the END TRACK setting

of the switches on her control panel. The purpose of this check is to
ascertain whéether or not the track was well measured,

It is not, ﬁcwever, possible to ensure that measurements which are
accepted at tﬁis stage will also be accepted by THRESH. The reason for
this is basically because only a two dimensional fit can be made during
on-line measuring, and this cannot guarantee a successful three dimensional
reconstruction, For instance, a track which is well measured in each of
the three views will not reconstruct in three dimensions unless the

measurements are indeed of the corresponding track in each view. Such a
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check cannot be‘made at this stagé. However, if two similar tracks
belonging to one event are confused during the measurement of a view,

then the measurements from the different views can be recombined correctly
by the track matching facility in THRESH.

Since the tracks are formed by charged particles moving in a magnetic
field, the path traced out by each particle will be that of a helix,
provided there is no significant energy loss. As the cameras are mounted
with their axes parallel to the magnetic field the tracks are viewed along
the field direction and the helices will appear in each view as arcs of
circles. For slower particleé, where the loss of energy cannot be ignored,
the paths will be more complicated. In projection however, these will
still approximate to arcs of circles over short lengths of tracks.

Several different curve fitting procedures were considered, and some
were tested using data from tﬁe paper tape system. These attempted to
determine whether or not the coordinate measurements for each track lay
.along a smooth curve, In such a fitting procedure it is also advantageous
to check that the fitted curve passes through, or at least very close to,
tﬁe apex of tﬁe event. Unless this is the case the track will be rejected
by THRESH. |

It was also decided that a check on the sagitta of most of the tracks
was desirable. This is because a sagitta of at least 2 mm in bubble
chamber space is reqﬁired for an accurate determination of thé momentum
of the track to be made. A track whose measured length has a sagitta of

less than 2 mm is therefore rejected during on-line measuring. In the
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case of a stopping track the momentum is calculated from the range energy
relation and so no minimum value of the sagitta is required. Since all
the beam tracks in a particular experiment have the same known momentum
“there is again no need to insist upon a minimum sagitta. The check on

the sagitta tﬁen applies only to the ordinary secondary tracks which leave

the chamber.'

4.6.1" Circle fitting procedure

For the fast tracks which may'be assumed to be circular on the film,
a least squares fit to the measurements was considered, but this was
found to be very difficult to do. However, iF is relatively easy to fit
a circle to a set of measurements by finding the values of the circle

parameters g, £ and c which minimise

where (xi,yi) are the coordinates of the n points measured along the track,
and the expression in brackets is the general equation of a circle.,

This is justified by considering that, for any point (x,y) lying on
a circle with parameters g, f and c

x2 + yz + gx + fy + ¢ . = 0,

while for any point (X,Y) which does not lie on the same circle,
XZ‘ + .Yzl + gX + fY + c. = v

whére v is not equal to zero. It can be shown (see Appendix B) that,

for points lying close to tﬂe circle
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v = td' (approx,)’
wﬁeré t is the distance of tﬁe point (X,Y) from the circumference of the
circle, and d is tﬁe diameter of tﬁe circle.

A true least squares fit to a circle would require the parameters of
the fitted circle to be determined by minimising th. Since small changes
to the fitted circle would affect t rather’ than d, d may be considered to
be constant, so that v is proportional to t to a first approximation, and
the parameters of tﬁe fitted circle may be calculated by minimising sz

instead of It, that is by minimising
n N -
2 2 2
{:=1(xi ty; texp+fy;to)

Having determined the parameters of the fitted circle it is then
necessary to determine whether or not the fit is sufficiently good. Since
for points lying close to tﬁe circle

v. = td (approx.),
the standard deviation may be calculated in the usual way by substituting

v/d for t in the usual expression for the standard deviation, Thus

w2 . 2
standard deviation. = %E—' D= I(v/d)”
£ (-3

where n. is the number of degrees of freedom, and n is the number of points

measured along the track, so that after a three parameter fit has been made

n. =.n-3

The value of tﬁe standard deviation obtained in this way is used to

determine whether or not the measurements of a track are considered to be
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acceptable. At first tﬁe'maximum acceptable standard deviation was fixed
for all tracks. However, it was soon found tﬁat tﬁe lower momentum tracks
were usually failing tﬁis.test unless fhe measured length of the track was
reduced by 507 or more. Tﬁis is because tﬁesé tracks were produced by
particles which lost a significant proportion of their energy within the
bubble cﬁamber,.resulting in tracks wﬁbse curvature was not constant, but
increased noticeably- along tﬁe track.

In THRESH tﬁigis ﬁandled by using a variable tolerance, which depends
upon the curvature of tﬁe fitted circle. Tﬁe same>teéhnique was adopted
in tﬁe on-line system so tﬁat for tracks wﬁbse fittéd circle has a
diameter of less than 105 fringes, the maximum acceptable standard deviation
is given by

TOL = .A + .B (1 - d/10°)2
where d is the diameter of the fitted circle in fringes.

For the high enefgy pgrticles wﬁbse fitted circles have diameters of
more than 105 fringes the second term in the above exptéssion is not used,
as these tracks sﬁoulq give a close fit to a circle. The highly enagetic
p;rticles lose relatively little emergy in thé chamber, and so the curvature
of their tracks is constant.:

Initially the values of A and B were set so that the test on the
track measurements was quite relaxed, but as the operators became familiar
witﬁ the on—line system tﬁese values were gradually reduced to 8 and 40
respectively. |

About 200.event3'ﬁave been measured with- A and B set to more
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stringent values of 4 and 20; but this had little effect on tﬁe pass rate
(percentage of events whicﬁ are successfully reconstructed in THRESH), and
reducgd'tﬁe measuring rate by a factor of about three. It woﬁld appear
that tﬁe normal values of 8 and 40. are sufficiently strict and that a better
pass rate can only be achieved by including a test on the fiducial measure-‘
ments.
4.6.2° 'AB'eX'te'st

After the circle fi;ting procedure has been applied to the coordinate-
measurements of a track, tﬁe programme tﬁen determines whether or not the
apex lies close t0'tﬁe fitted circle.’ Tﬁis test requires very little
calculation.

In the notation of Section 4.6.1 the distance of any point from the

circle is given by
' t. = v/d

provided the point does not lie far from the fitted circle. Since the vertex
is expected to lie close to the fitted circle the above approximation may
be applied. It only remains therefore, to evaluate v/d for the apex.

Before the circle fitting calculation is made, the origin of the
coordinate measurements is moved to the apex of tﬁe event, and so the
evaluation of v/d fof tﬁe apex requires the insertion of the coordinates
(0,0) in the expression for v. Tﬁis gives, in the notation of Section 4.6.1,

v = . =.c
apex

so that - - T=e/d
apex

The maximum acceptable value for tapex is the same as that allowed for the

standard deviation, and so depends upon the curvature of the fitted circle.
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If a track measurement fails to satisfy either, or both, of these
requirements, then the standard deviation and the distance of the apex from
the fitted circle are printed out for the operator to see, and she is

requested to remeasure the track.

4,6.3 Sagitta calculation

For beam tracks and stopping tracks only the circle. fitting procedure
and the apex test have to be satisfied. The measurements of all other
tracks have also to satisfy a check on tﬁe sagitta.

As with the circle fitting and apex tests, only a two dimensional check
on the sagitta can be méde. This can.only be a rough check on what the
sagitta of the track would be whén it is reconstructed in three dimensions.
However, sinée the curvature of the track is due to the magnetic field, and
the axes of the cameras are parallel to-tﬁis field, the simple calculation
made in two dimensions will give a close approximation to the true value
of the sagitta in three dimensionms.

The calculation of the sagitta is based upon the assumption that the
first and last points measured on the track mark the extremities of the
ﬁeésured length of the.track. The programme is writtem so that, if a track
fails on account of its sagitta being too small, more.points can be added
without the whole track having to be remeasured..-CIearly this will only
work when the track is being measured outwardly from the vertex of the
event.,

For the track measurement to be acceptable the sagitta must be at least

70 fringes. This corresponds to about 2 mm in chamber space.
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If the evaluation of the sagitta shows that an insufficient length
of track has been measured, then a printed message is given to inform
the operator of tﬁe extent of the failure. She is given the option of
adding more points to those previously given, or of remeasuring the whole
track,

If the measurements are accepted they are passed on to the output
routines which prepare the coordinates for transfer onto disk, and
preserve the necessary referencing information in the array TRCKS. The

operator is then requested to proceed with the next measurement,

4,6.4 Precision

Since the track checking is an important part of the on—line system
it was necessary-to investigate wﬁétﬁer or not thé calculations should be
done in extended precision. Standard precision arithmetic uses 23 bits
for the mantissa, compared with 31 bits for extended precision. This
corresponds to at most 7 and 10 significant decimal digits respectively.

When tests were made on data from the paper tape system, using both
standard and extended precision, it was found that only minor differences
in the third or fourth significant figure appeared in the évaluétion of
the standard deviation. Since it is only required to know whether or not
this is less than the maximum acceptable value, the accuracy of the
standard precision calculation is considered to be sufficient.

This means that less core space is required for the circle fitting
and other arithmetic routines than would have been required had it been

necessary to use extended precision, as all real variables in extended
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precision require three words in core compared with two for standard
precision,

The choice of standard or extended precision for real variables applies
to all real variables in the programme. It is not possible to have some
variables in standard precision while others are in extended precisionm.
Having selected standard precisioﬁ as being sufficient for the calculation
of the standard deviation, it was then necessary to check that the same
precision was sufficient for the calculation of the sagitta.

This was investigated by measuring the same length of a track several
times over, and the value of the calculated sagitta printed out for each
measurement. The same procedure was repeated on several tracks, Imn each
case the values obtained for each track showed only slight variation. If
serious rounding errors were affecting the calculation, then it would be
expected that_a random set of values would be printed out by this test,
Since this was not found to be the case, it was accepted that standard

' precision was sufficient for the calculation of the sagitta.

4.6.5 Coordinate modifications

Before the circle fitting procedure is applied to the coordinate
measurements certain modifications have to be madef

The coordinates are receiveq from the measuring machines in the form
of 16-bit words representing positive numbers in the range O to 65535,
However, the 16-bit word when used as an integer in the 1130 is usually

interpreted as a number in the range - 32768 to + 32767. This is achieved
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by using bit O, the most significant bit, as a sign bit, so that it takes
the value - 32768 instead of + 32768,

Since the integral coordinates have to be converted to real (floating
point) at some stage before the circle fitting procedure is applied to
them, it wés decided to take account of the positive value of bit O during
this conversion. A special routine was written to convert the integral
values to real, treating all 16 bits as positive., This required fewer
words in core than the equivalent FORTRAN routiné which would have added
655360 to each coordinate whose value was interpreted as being negative.

A further modification is applied to correct for the factor of two
difference in precision between'the X and Y measurements. The reason
for tﬁis difference is explained in Section 3.3.2. If no correction were
made for this in the programme, the tracks would have to be treated as arcs,
not of circles, but of ellipses.

In Section 2,1.1 it was mentioned that on machines 1 and 2 the
measurements in the Y direction are too small by about 8%Z. This is also

corrected before the circle fit is made,

There are severe distortions on machine 4 which are described in Section . _

2.1.3. These are due to the angle of projection, and to the necessity of
making measurements some distance from the 6ptic axis of the projection
system. Before the data are input to THRESH corrections are made for these
distortions. However, since considerable core space is required by the
routine which makes this modification, allowances for these distortioms

cannot be made during on-line measuring. The coordinates are corrected only
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for the reduced precision on the X measurements, It is accepted that this

is not satisfactory, but until the rest of the programme can be pruned
sufficiently to provide enough space, there remains no option but to omit
this correction. However, in spite of being unable to correct for these
distortions before applying the circle fitting routine to these coordinates,
the results obtained from macﬁine 4 compare favourably with those obtained

from the other machines.

4.6,6 Other curve fitting procedures

, , _ Section
The choice of the circle fitting procedure which is described in/ 4.6.1 -

was made after considering several other curve fitting procedures. These
were examined and tested using data from the paper tape system.

A least squares fit to a parabola was triéd; It was found that if
a parabola of the form

y. = .ax2 + bx + .c

was used, then those tracks whose X coordinates passed through a maximum
or a minimum value, could only be fitted after a rotation of axes. Then,
after the coordinates have been transformed, the least squares parabola fit
treated the coordinates as though the X values were perfectly accurate,
while all the errors were in the Y measurements. The circle fit, on the
other hand, requires no rotation of axes, and treats both the X and the Y
-coordinates in exactly the same way. Since there are errors on the X
measurements as well as on the Y, and since the tracks are close approxima-
tions to arcs of circles, not parabolae, it was decided to use the circle,
rather than the parabola fittiﬁg'procedﬁ;ei‘

Some investigation of an ellipse test was also made., This examined
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the position of each point in relation to its immediate neighbours and had

the advantage of being.able to check each point as it was measured. This
involved determining whether or not the second of the three points lay

within an ellipse which had the other two points as foci. The choice of a
suitable eccentricity for tﬁe ellipse was very difficult to make as the
relative positions of the measured points depended on the curvature of the
track and the spacing of tﬁe points along it., The test is in fact quite inad-
equate as it takes no account of whetﬁer the curvature of the track is
positive or negative, and so would accept points which describe a track of
continually varying curvature,

The possibility .of using a more sophisticated circle routine than
Section ,
that described in /4.6.1" was considered. It was hoped that by examining the

measured points on a track that had failed, it might have been possible

to obtain an acceptable standard deviation by rejecting one or tﬁo of the
measured points. However, it was found that if one point was very badly
measured, then it was not necessarily true to say that the offending point
was the one which lay furthest from the fitted circle. The only reliable
way of determining which point or points to reject was found to be by
removing each of the n points in turn, and applying the circle fitting
procedure to the remaining (7i~1) points. This could require 3 or 4 seconds
of CPU time during which all Ehé machines would have to wait, and so ié is
not suitable for inclusion in the on-line system, In any case most of the
failures cannot be corrected simply by removing one or two of the measured
points., Failures of this kind are usually produced by failu?es on the

measuring machines, whereas the majority of track failures are due to -
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inaccurate measuring on the part of the Operétors.

4,7 'Output of data onto disk:

The format used for the output of data from the measuring machines
is based upon that required for input to THRESH.

Actual transfer of the data onto disk is carried out by the IBM
supplied DISK1 routine. This was chosen as being the shorter of the two
-disk subroutines intended for use by programmes written in Assembler

language.

4.7.1 Organisation of disk storage

Each disk has space on it for 500K wotrds which are grouped into
cylinders and sectors as shown in Table 4.8,

‘Table - 4,8

per
N Sector Cylinder Disk
Words 320 2,560 512,000
Sectors 8 " 1,600
Cylinders 200

The eight sectors wﬁich comprise one cylinder may be read or written without
moving the disk access mechanism.
Usually about one third of the space on the disk, consisting of the

IBM system area and the user area, is taken up by the disk monitor system,
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compilers and various programmes including those for the on-line system.
The rest of the space, about 1000 sectors, is called the working storage
and may be used for data, |

The data are written on the disk starting at the beginning of working
storage. This was done originally because fhe programmes which handle disk
input to NUMAC require the data to be stored there, Since the working
storage is available to the disk monitor system, compilérs and user
written programmes as temporary disk storage, great care has to be taken
to ensure that any disks wﬁicﬁ ﬁave data in working storage are not made
available for general use, as otﬁerwise some of the da;a cou}d inadvertently
be overwritten.

In order to make full use of -the space avﬁilable, the data must be
written in complete sectors of 320 woirds eacﬁ. It is for this reason that
the space in core which is allocated to the disk output buffer is 320 words

long.

4,7.2 General consideérations

In order to make the output from the on-line system compatible with the
required form of input to THRESH, tﬁe data are arranged in the form of 80
column card images. The programme which transmits the data from the disk
into the IBM 360/67 in Newcastle requires the card images'to be stored in
working storage in packed EBCDIC (Extended Binary Coded Decimal Interchange
Code), and so tﬁe on-line programme was written to output the data in this

.form.
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When it was decided to edit the data before they were input to NUMAC there

was no longer any particular advantage in using this format, except that
the routine to do this was already working, and the data have to be arranged
in this way at some time before they can be input to NUMAC. Some saving of
core space is achieved by preparing the data in console printer code rather
than in EBCDIC, since the console printer code routines are already required
to handle the preparation of messages for the console printer. The sorting
routine later translates the data from console printer code to EBCDIC as
required.

Like EBCDIC the console printer code can be packed two characters per
word and so each 80 column card image requires omnly 40 words. The 320
wotd disk output buffer can therefore accommodate eight card images,

Since the online system will control up to six measuring machines
simultaneously, there will usually be data to output from several machines
at a time, It was thqugﬁt at first that the space on the disk could be
divided into distinct areas, one for each of the machines being used. The
data from each machine would then be transferred to its own data area.
However, this would have required a separate 320 word output buffer for each
of the machines, and tﬁere is not sufficient core space available for this,
"It would also have produced a timing problem as each time one of the disk
buffers was full the programme would have had to have wait until the disk
access mechanism ﬁad moved to the correct data area before transferring
the data onto the disk. During this Fime, which could have been half a

second or more, all the measuring machines would have had to have waited.
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An alternative method is to use one disk output buffer. As the
data from eacﬁ machine become .available they are transferred to the disk
buffer in the form of card images which are tagged by machine number for
later identification. Wﬁen eight card images have been received,-the
contents of the buffer are written onto the next available sector on the
disk. By writing sequentially there is no noticeable delay due to the
movement of the access mechanism of the disk unit.

The programme does however ﬁave to wait while each sector is being
written., The only way of avoiding tﬁis is to use the method of double
buffering which allows one buffer to be prepared while the other is-being
transferred to the disk. This requires not only two 320 word buffers, but
also some extra programming to change from one buffer to the other.' Because
of the need to economise on core space it was decided not to use double
buffering, but to allow the programme to wait during each disk tramsfer.
Since the data are being transferred to sequential sectors on the disk, -
eight sectors can be written without moving the access mechanism. When
no movement is required, the average time required to write ome sector is
30 ms, When the next sector is to be written on the next cylinder, the

programme must wait ., a further 37 ms while the access mechanism is moved.

Althqugh only one disk output buffer is required in core, there are
six separate card image arrays, one for each of the possible six machines.
Each 40 word array, corresponding to an 80 columm card image packed two

characters per word, is tagged in column 80 with the number of the machine
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to which it refers,

There is also a 72 woird array whicﬁ is used as a card image. It is
found convenient to prepare the ﬁeading card for each event, and the
cards containing the referencing information, in unpacked coding. Completed
cards are converted into packed console printer code and stored in the first
36 words of tﬁe appropriate card image array. The complete 40 word card
image, including the machine number in column 80, is then transferred to
the disk output buffer in the usual way.

'As coordinate measurements from eabﬁ machine become available, they
are spored in the appropriate 40 word card image érray. Completed cards are
transferred to the next avail#ble space in the disk output buffer., Incomplete
‘card images are held until more coordinates are available to fill them.

When the disk output‘buffer ﬁas received a fpll complépent of 8.card
images, the complete 320 word buffer is transferred to the next available
sector on tﬁe disk.

The first card image to be output for each event contains "444444'
in columns 1 to 6. Tﬁis is to provide THRESH with the necessary indicator
at the start of each eveht; It is also used by SORT which recognises this
card as marking the beginping of a new event. If a '"444444" card is
detected before the completion of an evént, then the event must have been
unfinished and so is discarded,

The -'444444" card is set up in the appropriate card image array which
already ﬁas tﬁe macﬁine number in column 80, 'Tﬁis 40 word array, corfespond-
ing to a complete 80 colump.card image, is then transferred to the next

available space in the disk output buffer,
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The '444444' card image is followed by the ﬁeading card which contains
all the usual heading information. Tﬁe format of this card is similar to
that which was used in the off-line.;ystem, except for a minor modification
which is required to include the 7 digit topology coding, instead of the
5 digits used previousl&.

The coordinate measurements of each track are held in an array called
TRACK until the circle fit is made andlaécepted. The coordinates are then
arranged in card image form in the appr;priate 40 word card image array.
When a full complement of six coordinate pairs have been received, the
completed card is transferred to the disk output buffer. Measurements of
single points, such as the apex or stopping pointé, are ﬁoved to the next
available space on the card currently being set up for that machine.
Fiducial measurements are held in core until the end of the view when all
four will have been measured. Tﬁgy are then transferred to the appropriate
card in the same way as all the other coordinates,

At the completion of the event any remaining coordinates are transferred
to the disk output buffer even if this means that the last card does not
contain a full complement of six coordinate pairs, The end of the bank of
coordinates is indicated by a single card having 'SSSSSS'in -~ °
columns 1 to 6, This card is prepared in the same way as the very first
card of the event which contains -'444444' in columns 1 to 6, and is used
to inform SORT that there are no further coordinates for the event and that
the summary information follows immediately.

All the referencing information for the'event is then arranged on

card images in the format required by THRESH. Each card is set up in turn,
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in the 72 word card array, in unpacked coding., It is tﬁen converted to
packed console printer code and stored in the first 36 wotds of the
appropriate 40 word card image array, in tﬁe same way ;s the heading card
is prepared. Tﬁe complete’ card image, including the machine number in column
80, is then'transferted'to-the disk output buffer,

Following the last card containing referencing information, one fu;ther
card image is output. Tﬁis has '272Z2ZZ" in columns 1 to 6, and marks the
end of tﬁe data for tﬁat event. It is recognised by SORT as marking the end
~of an event. If this card is not found, or if the 'SSSSSS' card is not

found, then the event is incomplete and is discarded by SORT.

The data are transferred'ontO'the disk starting from the beginning of
working storage. Wﬁen tﬁe on~line programme is terminated, usually at the
end of each shift, any data still in tﬁe disk output buffer are transferred
to the disk. Tﬁis_usually means that the last sector to be written is
only partially filled with data.

The address 6f tﬁe next available card image is preserved until the
programme is restarted, usually at the beginning of the next éhift. Three
words are used for this, Tﬁe first gives the address.of the sector within
working storage, the second gives the address of the first available word
within the sector, and the third wotd confirms how many 40 word card images
remain unused on that sector.

Tﬁis information is stored on the disk in sector zero of working

storage, which means that the first card image on that sector is not available
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for data: Tﬁé'fi{st tﬁree'ﬁords are initially set to O, 40 and 7
respectively so that the first time the disk is used, the data are transferred
to the disk starting at word 40 of sector .zero of wotrking storage.

At the start of tﬁe.next sﬁift tﬁe information in the first three words
of sector zero of working storage enables tﬁe programme to transfer the
new data onto the disk immediately following the end of the data from the
previous sﬁift. In this way one continuous block of data is written onto
the disk.,

As each sector is written the programme checks to see how many sectars
are still available. A warning message is printed when only 15 sectors
are left. This allowsitﬁe operators tO'complete'tﬁe events. that they
are measuring, provided no more than .15 sectors are required for the rest
of the data, This is more than sufficient as each event requires about 30 card
images on average, so that215 sectors should accommodate four complete events,
When the operators have completed their events tﬁey should terminate the

programme in the usual way, and replace tﬁe filled disk with a fresh one.

- 4,8 'Loading and termination of the on-<line system

4.8.1 Initialising and loading programme

Each time the on-line programme is loaded into core prior to executiom,
certain initialising procedures have to be carried out. As the part of the
programme that does this is only required during loading it is not included
in the main programme that resides in core during measuring, but is rum as
a separate programme.

This programme, called LREAP, begins by calling another routine INIT
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which clears tﬁe Wﬁble of common and then sets' the macﬁine numbers in the
appropriate words in the array cards. It tﬁen reads tﬁe first sector of
working storage to find-tﬁe address of tﬁe first available space on the
disk for the output of data. Tﬁe sector address enables INIT to check

that there are at least .15 sectors still available for data. If the sector
specified ﬁas some dafa on it already the programme reads the sector into
core and setS'the counters so that the first data to become available will
be used to fill up tﬁis sector. ' '

LREAP then calls another routine, OEM, wﬁich clears any interrupts
from tﬁe measuring machines.tﬁat may ﬁave been raised wﬁile the programme
was not running, and turns off all tﬁe lights on.the lamp displays.

In order that the messages which are given on the console printér'should
provide a useful log of the measuring, LREAP requests the computer operator
to type in tﬁe date and the time. The operator is then requested to set
the console entry switcﬁes t0'indicate'wﬁicﬁ macﬁines will be operated, and
whether or not tﬁe cosmic ray experiment will also be rumning. Although
these switches are set at tﬁe beginning of each shift, or whenever the
programme is loaded, tﬁey may be changed at any time during the rumning of
the programme.

The programme LREAP finally executes a link to MAINE which is the main
programme in core during on-line measuring. This causes MAINE to be loaded
into core. LREAP is overwritten, but the arrays in common which were
initialised by LREAP, are preserved from one link to tﬁe next. Control is

then transferred to MAINE and the system is ready to attend to the first

interrupt.-
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The closing down routine is simpler tﬁan tﬁe lo;ding routine, and since
it is quite sﬁort'it is included in the main core load. Tﬁe request for
termination of the on-line programme is given by resetting console entry
switches 1 to 6 and pressing PROGRAM START.

When MAINE detects that these six console entry switches are';ll off,
it calls the terminating routine END, which transfers to the disk any data
still in core which have been prepared for output. Such data will have
already been set up on card images and stored in the disk output buffer.

END then reads from the disk the first sector of working storage,
updates the first three words to give the address of the next available card
image on the disk and rewrites the modified sector back onto disk. Finally
END prints the message "END OF RUN" to inform the operator that the programme
has terminated correctly, and returns control to MAINE.

Provided switcﬁ-lS is also off, indicating that the programme is not
required to service interrupts from the core store of the cosmic ray

experiment, MAINE terminates the programme with an EXIT instruction.
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CHAPTER . 5

CONCLUSIONS

A brief comparison is made betweén the paper tape measuring system
and the on-line system, and various suggestions are given of ways in which

the latter system could be improved,

- 5.1 'Comparisons

The main aims of the on-line system are to provide a satisfactory and
versatile measuring system wﬁich overcome as many of the problems of the
paper tape system as possible.

Clearly the first advantage of the on-line system is that all errors
due to mispunching of the paper tape are eliminated. Thus the data are
more reliable, and there is no longer any loss of measuring time due to
tﬁe maintenance of the tape puncﬁing equipment, The Westinghouse interface
and the OEM channel ﬁave proved to be so reliable that no measuring time
ﬁas been lost because of the maintenance of these items.

The second advan;agé of the on-line system is that, since the data
are transferred directly into the computer, it is possible to make.an
immedjate evaluation of tﬁe accuracy of tﬁe measurements. This encourages
careful measuring on the part of the operators, and also enables failures
of the measuring machinés to be detected as they occur. Again this results
in more accurate data, and hours or days of useless mea;uring on a faulty
mgchine can be avoided.

The on-line system also relieves the operator of much of the routine

work wﬁich used to be involved in measuring. In particular she no longer
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needs to precede eacﬁ measurement with' the appropriate label. The method

of generating labels internally, on the basis of a coded topology which is
entered at tﬁe start of eacﬁ event makes for more rapid measuring, but it
also reduces the apparent flexibility of tﬁe system as the operators have

to follow a strict order of measuring. However, the experience of the paper
tape system showed that this flexibility was not required, and so its absence
from the on-line system cannot ie considered to be a disadvantage.

The advantages of all tﬁesé cﬁ;nges'to the measuring system are reflected
in the various statistics which are available. In considering these figures it
should be remembered that the same measuring macﬁines are being uséd for the
on-line system as were used.for the paper tape systém, and that it is only
tﬁe way in wﬁicﬁ ;ﬁe macﬁines'are used'tﬁat is different.

Tﬁe overall rate of measuring fnas increased by about 20Z. This figure
is obtained from macﬁines 1, 2 and 3 for tﬁe measurement of 4 prong events.
Gﬂacﬁine 4 is not included as little work was done on that machine under
tﬁe paper tape system). Slower motors were put onto machine 3 when the
digitisers were bﬁanged'tO'provide coordinate measurements compatible with
tﬁe on-line system. If, However; it had been possible to retain the speed
of tﬁe old motors, so tﬁat tﬁe old measuring rate could have been maintained,
then the average measuring rate for the three machines would have increased
by about 50%.

Tﬁe pass rate (percentage of measured events which are successfully
reconstructed by THRESH) ﬁas also sﬁown'a marked improvement, The average
pass rate for events measﬁ%ed in the papér tape system was 527, compared

witﬁ'74z for tﬁe on~line system., Of the 527 originally accepted by THRESH

-
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a number have later been returned for remeasurement as their tracks were
rejected by tﬁe sagitta check whicﬁ was introduced later. Thus the pass
rate for the paper tape system was in fact rather less than the 527 quoted
above. Comparing this with the on~line system an increase of about 50%
in the pass rate is produced.

These pass rates were obtained for 3 prong events each of which involved
the measurement of 4 tracks (3 secondaries and the beam track). The
corresponding pass rates for individual tracks were 857 for the paper tape
system and 937 for the on-line system. It is anticipated that a check on
the accuracy of the fiducial measurements will further-improve the pass

rate.

- 5.2 "Suggested modifications to the on-line system

Although the on-line system has been quite successful in achieving
what it was designed to do, a few suggestions are given of various ways
in which the system could be improved.

5.2.1 Output of data

About one quarter of the 8K words of core are allocated to common.
Tﬁis includes twoldisk output buffers and a number of arrays, some of
wﬁich are used for keeping a record of the progress made throughout the
measurement of each event. Most of the space however, is required for
the recording of data and for the préparation of the data in card image
form for output onto disk. This format for the output was based, as
explained earlier, on that required for input to THRESH. Since the data
are not input to THRESH directly but are edited and sorted first, it is

not necessary to prepare the data in card image form at this stage.
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The data could be ocutput in tﬁe simplest form possible, in binary, and
the editing programme SORT Wwould -arrange tﬁe data on card images in
the required way.

A further suggestion would be to tag the measurements not only with
the machine number t0'wﬁicﬁ tﬁey belong, but with the view number and
the label of the point or track to whicﬁ they refer, so that it would
no longer be necessary to.ﬁold in core all the referencing information
which is used to identify the different measurements within the bank of
. unlabelled coordinates. The output could in fact be rather similar to
that of the paper tape system, and the programme SORT would then have
to rearrange the data and set up the card images in much the same way
as REAP did for tﬁe paper tape system.

This would mean that about half of common would n6 longer be
required, and much simpler énd shorter routines could also be used to
prepare the data for output.: Tﬁe extra space in core would immediately
open up the possibility of including more routines to check on the

accuracy of the measurements.

5.2,2 Inhibition of interrupts

Associated with eacﬁ interrupt buttoﬁ is an interrupt lamp which
is situated on the control panel, and wﬁich goes out when the interrupt
button has been pressed., It does not come on again until the data from
that machine are.read by tﬁe computer. So long as the interrupt lamp
is off no further interrupts can be raised by tﬂe corresponding interrupt

button. If the operator continues to press this button while the lamp
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is off, nothing happens.-

Usually the response from the computer is so rapid that only a
slight flicker of the lamp is noticed, and tﬁe operators quickly become
accustomed to raising interrupts as fast as they can measure. There
are occasions however, wﬁen there is a delay in the response to an
interrupt and tﬁe interrupt lamp does not come on again immediately. If
the operator presses ﬁer interrupt button again before the interrupt
lamp comes on, she may not be aware tﬁat no interrupt has been raised
as no indication of tﬁis is given. -

Tﬁe computer cannot be programmed to ﬁatn tﬁe operator when this
happens, as the computer itself is unaware of the situation. However,
it should be possible, by making a hardwate modification, to make the
interrupt button sound the alarm on the control panel when it is pressed
while the interrupt lamp is off. Since the sounding of the alarm would
not, in this instance, be accompanied by a printed error message, the
operator would know that it was caused by ﬁer pressing the interrupt

button while it was inhibited.

5.2.3 Interruption of curve fitting

The response to most interrupts is so rapid tﬁat only a slight.
flicker of the interrupt lamp can be observed, and the new request on the
lamp display appears to be given instantaneously. However, the response
to certain interrupts requires more time, and in fhese cases a slight
delay can be detected. Tﬁis is particularly noticeable at the end of

each track when the curve fitting routine is called, and at the end of
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view 3 wﬁen tﬁe.évent is terminated. In.neitﬂer of these cases is this

at all inconvenient to the operator, as in the first case she will

require a few moments  to find the next point or track to be measured,

and in the second she will have to prepare to start the next event.
However, the longer time requiréd to service these interrupts can

be a cause of interference Fo-tﬁe operators of any other machines that

are being used at the same time. Tﬁis is because the programme is never

forced to abandon tﬁe servicing of one interrupt to attend to another,

and so, if it is busy attending to an END TRACK interrupt from one machine,

all the other machines will Have to wait until the curve fitting is

completed. 1In tﬁis way tﬁe time required for curve fitting affects not

only the machine whose measurements are being fitted, but also all the

other machines that ﬁappen to be interrupting at that time. The same

argument applies to the situation which arises when an event is terminated.
It would therefore be useful in the case of track fitting and event

termination, to allow another machine to interrupt so that only the

operator of the machine concerned would notice the delay. Interrupts

from the otﬁer machines would tﬁen be attended to as they occur. Some

care would have to be taken in implementing this suggestion as the

programme must not be required to abandon checking the measurements from

one machine to do the same for another machine.

5.2.4 ‘Overlays

The main reason for rejecting the use of overlays to increase the

effective core size. of the computer, was that it would cause too much of
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a delay iﬁ tﬁeﬂresponse to an interrupt;t However, tﬁere are ways of
reducing tﬁis problem so tﬁat it could well be possible to use overlays
without seriously affecting tﬁe.response time,

Since tﬁe system'ﬁas two . disk drives, it is possible to arrange for
tﬁe data to be output onto one disk and ﬁave tﬁe.overiay routines on
anotﬁer'disk, The access mechanism on the first disk drive would be
positioned'over'tﬁe data, and on tﬁe second drive over the overlay routines,
S0 tﬁat very litfie movement ofltﬁe disk ﬁeads would be required either
for fetcﬁing an overlay, or for transferring data to the disk. Consequently
tﬁe SPeed'of response to an intertrupt would be little affected..

So long as tﬁe cosmic ray experiment is not being run on~line to
tﬁe computer'wﬁile the measuring macﬁines are being operated, this
arrangement provides a most effective way of avoiding the timing problem
which is associated with the use of overlays. However the solution is
not so simple wﬁen tﬁe system is required to Handle the collection of
data from tﬁe core store of tﬁe cosmic ray experiment as these data are
output ont0'tﬁe.second disk and tﬁe problem of the time required by the
disk access mechanism to move from one part of the disk to another is only
transferred from one disk drive to the other.

Anotﬁer'way of keeping tﬁe time delays to a minimum.is to use one
disk, as originally planned, but to make sure tﬁat it never has very
'mucﬁ data on it so tﬁat tﬁe disk access mecﬁanism never has very far
to move,’ Tﬁis can be acﬁievea by transferring tﬁe data to another disk

whenever the programme is terminated.

-
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5.2.5 Fiducial check

At present no check is made on the accuracy of the fiducial measure-
ments. This is because tﬁere is not sufficient space in core to accommo-
date the required routines. However, if by clianging the format in which
the data are output onto disk more core space is made available, or if the
effective core size is increased by the_use of overlays, then it should be
possible to evaluate the accuracy of the fiducial measurements.

This would require examining their relative positions and comparing
them with the expected positions for the view concerned. Information
relating to their expected positions would have to be available for each
of the three views and for different experiments és the machines are
frequently measuring film from different experiments. It pight even be
necessary to hold special values for machine 4 as the distortions-produced

by its projection system affect the measured positions of the fiducials.

5.2.6 Curve fitting tolerances

It was mentioned in Section 4.6 that initially the curve fitting test
was quite relaxed, and that as tﬁe operators became familiar with the on-
line system the test was gradually made more stringent. Although during
normal measuring there is no need to vary the stringency of this test it
would be helpful for fhe training of new operators to be able to relax the
test.for one or more of the machines when required without affecting the
other machines.

’

At present the maximum acceptable tolerance is determined by two
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constants witﬁin the programme and so is tﬁe same for all the machines.
Thus it is not possible to provide a strict test for an experienced
operator, while at tﬁe same time to provide a more relaxed test for
training a new operator.

If, however, tﬁe maximum acceptaBle tolerance was entered by the
operator during the signing on procedure, then each operator could improve
the accuracy of ﬁer wotrk at ﬁer'own'rate. New operators could be trained
witﬁ a relaxed test wﬁile experienced operators could continue to measure
under strict test conditions. A check on the tolerances used by eacﬁ
operator could be made by printing out tﬁe values entered as each
operator signs on. Alternatively these Values could be entered during
the initialising procedure so tﬁat tﬁey could not be cﬁ;nged by the

operator during her shift.

- 5.2.7 Digital output words

Finally a very minor modification is suggested, which concerns the
use of the fifteen lamps on tﬁe control panel wﬁicﬁ'are used to indicate
to the operator what she should measure. Tﬁe table of digital output
words (Table 3,2) shows that there are severél instances where the same
pattern of ligﬁts is used for two different measurements. The same
table also sﬁows'tﬁat two of tﬁe lamps are never used.

It would assist the operators if the digital output words were
cﬁosen so that no two.consecutive measurements were called for with the
same pattern of ligﬁts; Tﬁis is particularly important in tﬁe case of

ordinaty secondary tracks. Table 5.1 shows a suggested new set of
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digital output words wﬁicﬁ makes use of tﬁe two spare lamps to give the
operétors more information tﬁan tﬁey'receive at present.

Tﬁese two lamps are labelled N and P. Tﬁe N lamp is used as an
indicator wﬁicﬁ is off:fér-ﬁﬁe first of two similar measurements and is on
for tﬁe second. In tﬁe case of tﬁe ordinary secondary tracks the P lamp
is also used and forms a 2-bit binary counter with the N lamp, The P
lamp could normally be used to' distinguish between proton and pion |

stopping tracks.

The on-line system produces a 50% .increase in_tﬁe measuring rate
compared wiﬁﬁ tﬁe paper tape system, and a similar increése in the
proportion of events tﬁat are successfully reconstructed by THRESH.
Taking these two'increasgs';ogetﬁer, the overall increase in the number
of acceptable events'whicﬁ are measured per machine per hour is over 100%.

It is anticipated that this figure could be increased still further

by implementing some of the suggestions which were given in Section 5.2,
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Suggested new digital output words
: DIGITAL OUTPUT WORD
NUMBER| LABEL ___IRACKS____YEBIIQES_*__EIDILC.IAL__EEHA_ DESCRIPTION
N P S TlAaA svv  v-144'33 221112 3 '
1 AA 1 Apex
2 A9 111 Beam track
2 22 1 1 Entry fiducials
2 ﬁﬁ 1 i i Short stopping
protons.
7 I 1 Short stoppin i
8 2z | 1 1 pping pions
9 PP 1 1 1
10 . AP 1 111 1 L t in
11 00 [1 1 11 ong stopping
12 | a0 |1 1 1|1 1 protons
13 QQ 1 1
14 AQ 1]1 1 Long stopping pions
15 RR 1 1 1
16 | AR |1 11 1
17 fii] 1
ig _ 3% 1 1 i Short kinks
20 vl 1 1 1
21 AT 111 1
22 TT 1 1
23 T1 1 1 Long kinks
24 AS 1 1] 1 1
25 SS 1 1 1
26 Sl 1 1 1
27 Al 1] 1
28 A2 1 11 1
29 A3 1 1] 1
30 A4 11 1 1 Ordinary secondary
31 A5 1 1 tracks
32 A6 1 1] 1
33 A7 1 1 1
34 A8 1 1 1] 1
35 MM 1
- 36 M1 1 1
g; i;[; 1. 1 i V zeros
39 N1 1 1
40 N2 1 1 1
2; ggf 1 1 Exit fiducials
43. AA 1 Apex check

Note: The appropriate view lamp is also illuminated
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" "APPENDIX 'B

" 'The circle fitting procedire.

The equation of a circle may be written

x* + Yzlf gX+fY+c. =.0 1)

where g, £ and ¢ are the parameters of the circle. The centre of this

circle is the point (-g/2, -f/2), and its radius is equal to‘/;2/4 + f2/4 - Ce.
Equation 1 holds good for any point (X,Y) which lies on the circle.-

For any point (x,y) which does not lie on this circle

1

x2 + yf_f gx+fy+c . =.v (2)
where v is not equal to zero. Equation 2 may be rearranged as
(63 f-g/Z)2 + (y +-f/2)2f = v+ £2/4 + g2/4 -c (3
which in turn may be expressed as
p2 = v )
‘where p is the distance of tﬁe»point (x,y) from the centre of the circle,
and r is the radius of the circle. From equation 4
v.="{p+r)(p-r1) (5)
If the point (%,y) lies close to the circle so that p = r. (approx.),
then equation 5 may be written
v. = .dt (approx.) (6)
where d is the diameter of the circle, and t is the distance of the point
(x,y) from the circle.
1f g, £ and c are now considered to be the parameters of a variable
circle which is fitted to the n points (xi, yi), then modifying the above

notation,

- v o 2 :
Vi, = .xi + v; + gxi + fy:.L +c (7)
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and
v, = dti (approx.) (8)

where d is now the diameter of the fitted circle, and v, and t, refer to
the point (xi,yi). The approximation of equation 8 is valid since, for
a fitted circle, all the points (xi,yi) must lie close to the circle.

The determination of the circle parameters g, f and c which correspond
to the circle with the "best fit" to the points (xi,yi), depends upon
what is meant by the "best fit". A least squares circle fit would involve

minimising Ztiz, which from 7 and 8 above is equivalent to minimising

_ g2 + f2 = 4e
When the partial derivatives of this expression witﬁ respect to g, £ and
c are set equal to zero to determine the turning value of Ztiz, three
rather complicated equations are obtained whose solution should give the
required values of g, £ and c. However tﬁese equations are not easily
solved and an alternative method of determining the "best" values of g,
f and ¢ is preferred,

Tﬁe approximation of equation 8, wﬁicﬁ was obtained from equation 5,
effectively ignores differences in d which are of the order of t.. That
is, d may be considered constant relative to ti’ and so ti may be considered
to be proportional to Ve and a close approximationvto minimising Ztiz may
be obtained by minimising Zviz. Now

2. 2

~ 2 2
'E‘Vi .= Z(xi +ytotexg + fyi + ¢) )

and when the partial derivatives of this expression with respect to g, £
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and c are set equal to-zero to determine -the turning value of Zviz,

three simultaneous linear equations in g, f and ¢ are obtained.

2

aLv, 2 3 2

= gIx. + fIX.y. + cIx. + Ix.” + IX.¥. = 0 (10)
3g i i’i i i i’i
onv; " 2 2 3
> ~ = ginyi + nyi + .czyi-+ in y; * Eyi, =. 0 (@11
onv;” 2 2

= gIxX, + fIy. + c.n + ZIx. 4+ Ly. = 0 (12)
5 i i i i .

where n is the number of points being fitted. The solution of these
equations gives the values of the circle parameters g, f and c which
correspond to the fitted circle, The fit obtained by this simple calcula-

tion is a very good approximation to a least squares circle fit.
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" "APPENDIX .C.
i
" "SORT -~

The data from the on-line system are.rearranged and edited by a
.programme called SORT before being input to NUMAC for further processing.

(a) Input to SORT

During on-line measuring tﬁe data are output onto disk in the form
of 80 column card images in console printer code packed two characters
per word. Each card image is tagged in column 80 with the number of the
macﬁine to which it belongs. The data are output onto disk sequentially
so that card images from each macﬁine are interspersed with those of the
other machines that were being operated at the same time. (See Figure C.1).
The data are output onto tﬁat part of the disk which is called working
storage. Before they can be read by tﬁe programme SORT, the data have
to be transfeéred to the user area wﬁére'tﬁey can be referred to under the.
file naﬁe DATAl., Data stored under any other name are most easily made

available to SORT by using a "*EQUAT" record.

(b) ~ Output from SORT

After the data have been processed by SORT they are ready for input
to NUMAC. They are stored on tﬁe disk in 80 column card images.in packed
EBCDIC. Only complete events are output by SORT and these are selected
machine by macﬁine_ (see Figure C.2).

Before SORT is executed, the p:bgramme to handle the data as they
enter NUMAC, together with all the necessary job control records, must be
stored on the output disk starting from sector zero of_wotking storage.,

These records are stored in card image form in packed EBCDIC. The first




Figure C.1. = Sample outpﬁt_ from on-line measuring
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Figure C.2 - Safiple output from SORT
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4o words of sector zero of working storage are not used to hold a card
image; but are used to ﬁold tﬁree numbers whicﬁ inform SORT how much of
the’sﬁace in working storage is taken up by_tﬁe programme. SORT can then
tfansfer the data ontO’tHe disk starting with the first available space
following the programme.

SORT wiil output tﬁe data back onto the same disk from wﬁich it read
the data, or onto another disk, whicﬁever is required. Usually two
separate disks are used, partly because the input &isk.has so much data
on it that there is no room for tﬁe sorted output, and partly because
SORT executes more rapidly whén it is transferring data from one disk to
another rather than from one part of a diék to another part of the same
disk,

(¢) Operation

The programme SORT provides several options which are selected by
different settings of tﬁe console entry switches; A printed request is
given to inform the operator when and how these settings should be made.
A brief description of the diffe;ent options is given here. Options (i)
(ii) and (iii) are selected during the initial stages of the programme,

and the others may be changed at any time during execution.

(1) 'Logical drive number of the output disk. If the data are to
be output onto the wotki&g storage of the master cartridge (the first one
specified on the JOB record), then no switches need to be set. If the
data are to be output onto tﬁe second disk spécified on the JOB record;

then switch .15 shoﬁld be set.:
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information is required this will be given on the console printer if switch
1 is set.Alternatively, if the programme is being run on the terminal
computer for NUMAC which has a 1403 printer, then SORT can take advantage

of this faster printer if switch O is set.

the data from tﬁe beginning, in wﬁicﬁ case no switches need to be set. It
is occasionally useful however, to request SORT to start scanning part way
thrqugﬁ the data; Tﬁe number of sectors to be skipped is indicated by using
the switches as a 16-bit binary counter (bit 15 is the least significant

bit).

to inform SORT which data are to be prepared for input to NUMAC. 'Only

data from those machines whose corresponding bits are on will be selected.

is transfertred tO'Eﬁe output disk, subject to the selection by machine
number as indicated in (iv) above.’ Sometimes'ﬁoweVer,'it is required to
output only selected events, or to suppress the output of selected events.
Tﬁis is achieved by tﬁe use of ;witcﬁ 0 whicﬁ-should be set for.each event
whose output is to be suppressed. Tﬁe heading information for the event
still appears on the listing of the events, but it is preceded by "**"

to indicate tﬁat tﬁe data for tﬁis event were not transferred to the output

disk.
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(vi) Test. The final option gives the operator the chance to examine
the ﬁeading information of an event before deciding whetﬁer or not to suppress
the output. Wﬁen bit .15 is set, SORT prints the ﬁeading information for
the event and then'waits; If bit O is on wﬁen execution is resumed the
output is suppressed. If bit O is off, tﬁe data are output onto disk and
the heading information printed 'again to record tﬁat this has been done.

SORT begins by selecting events for machine 1 if that switch is on, and
will continue to sc;n for machine 1 events untii it reaches the end of the
data, unless switch 1 is turned off, in wﬁicﬁ case no more events for machine
1 will be selected. Before proceeding witﬁ'machine 2 events, SORT prints
a message whicﬁ informs tﬁe operator ﬁow many events for machine 1 have
been transferred to tﬁe output disk.

This procedure is repeated for each of the six machines.



167

"APPENDIX " D

The console printer is used to pfovide a log of the measuring and
to give tﬁe operators coded error messages. It may also be used to provide
an operator with more information about wﬁat is required of her than can
be given.on the lamp display.

Each message is preceded by tﬁe number of the machine to which it
refers, and is tabulated aéross tﬁe page according to its machine number. -
All hessages are kept as brief as possible to minimise printing time.

As part of ;ﬁe response to an ACCEPT DATA intérrupt which is used
to request the start of a new évent,'tﬁe event nuﬁber which is read in

from the decade edge switcﬁesfis printed.

e.g. Ml 36507562
If‘tﬁe coordinate measurements of a track fail to satisfy the curve

fitting routine, the extent of the failure is indicated by a printed message.

e.g. Ml aaaa bbbb
where aaaa is the distance in fringes of the apex from the fitted circle,
and bbbb-is the standard déviation in fringes.of the fitted circle,
Similarly, if a track measurement fails to satisfy the sagitta test,
tﬁis is indicated by a printed message.
= e.g. M1 9999 cccc
where cccc is tﬁe lgngtﬁ:of the sagitta in fringes.
If an operator wisﬁes for more informatiﬁn than is given on her lamp

display, a.CHECK interrupt request will cause the label of the measurement
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currently being requested to be printed.

€.g. M1l aa

or M1 ab mn

where aa is the label of a point, ab is the label of a track, and nn is
the number of pointS'already.recbfded'for that track. Tﬁis messag; is
also printed'wﬁén'an erasure is made,'wﬁen'an apex check is unacceptable,
when an apex setting value is unacceptable, and wﬁén an END TRACK request
is given with fewer than 5 prints  recorded on the current track,

The operator may force tﬁe-programme to accept a track measurement
which has failed, by using tﬁe-ACCEPT interrupt request. A printed message
records that this ﬁas'beeh'done.'

e.g. ML ab AXPT
wﬁére ab is tﬁe label of tﬁe track wﬁicﬁ has been accepted,

Finally, tﬁere are a number of coded error messages, and one warning

message,'whicﬁ are given' to inform,tﬁe operator wﬁen she makes an invalid

interrupt request.- Tﬁésé are shown in Table D.1.
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" 'Table “Dil: -

Message Error condition

WARN 01 Request to 31gn off during the measurement of an event

ERR 00 Contact bounce on tne EXECUTE interrupt button

ERR Ol Request to start a.ney event before the operator has
signed on

ERR 02 Request to sign on during the measurement of an event

ERR 03 Request to sign on before the previous operator has
.signed off

ERR 06 Invalid topology coding

ERR 07 : Topology specifies an event whlch requires more than
8 point labels

ERR 08 Topology specifies an event which requires more than 10
track labels -

ERR 09 Request to enter more than 15 points for ome track

ERR 10 END TRACK 1nterrupt raised after track failure due to

., fewer than 5 points, or too short a sagitta

ERR 11 END TRACK interrupt raised after curve fit failure

ERR 13 ACCEPT interrupt requested without END TRACK being
tried first -

ERR 20 Interrupt reqiuest other than ACCEPT DATA, END or START
with no event in process of being measured

ERR 21 No switches set in illuminated switch panel after an
EXECUTE interrupt has .been raised

ERR 31 CHECK/READ POINT interrupt requested before the view
has been started
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| Abbreviation .. Meaning ..
BOSC Conditional Branch or skip (turn off interrupt level)
BSI | Branch and store instruction address register
CES Console entry switches
CPU Central processing unit
DIPW Digital input wotd
bOPW Digital output word
DSW Deviée status word
EBCDIC Extended binary coded decimal interchange code
ILSW intefrupt level status wo?d
1/0 Input/output.
1I0CC Input/output control command
NUMAC Norcﬁumbrian Universities Multiple Access Computer
OEM Original equipment of the manufacturer
SAC Storage access cﬁannel'
SLA Shift léft accumulator
WHDSW Westinghouse deviceé status word
XI0 Execute input/output
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