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Abstract

An attempt to mon1tor and control a 7 5 MeV Van de Graaff

and associated equipment by means of a m1n1computer through

the use of CAMAC modules for 1nterfac1ng 1s _described. }The
accelerator “system. 1tse1f, - the requirements of machine
operators, and the pbogramming systems uSéd. are described.
The exigting» contrdl hardware configuratio is) q:ibed,
with some_discusSipﬁ o¥ the consequences of bogsible' f ture

extensions to, it.
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CHAPTER 1 o

INTRODUCTION

_ This thesis describes é ser5es of pre]imindFy pﬁogram
deVelopment,efforts\aimed.at computer control of the 7.5 MeV
yan'de Graaff accelerator and.assbciaféd beam lines locate

af the University of Alberta Nuclear Research Center. v

Introduptory chapters — describe the prin&iples ;of ‘

.accelerator éystém operatibn, the existing hardware
facilities for - machine control, and programming languages

pséd: As well, the modifications made to one programming

1anguage system (BASIC) to transform it _into- a  more

\

effective instfument of machine control are described.

| After discussing the requirements of operator seFv{ce
and machine .control, the organization of the present version
of the conséle écénner/control program is describedv;elative

to these requirements.

. . | : X ’
The present control\progré% contains the framework for

machine control, but actual machine'contro]_has‘ndt yé?\been,

implemented.

N
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barticles\with their energy . o -~ o

CHAPTER 11
N ACCELERATOR SYSTEM DESCRIPTION
2.1 Introduction |
-The'pUrpose'of the accelerator system is to deliver a
beam of energetic charged particles to an'eXperimenja?

target. Thus, a beam of the desired species of charged

particies must be produced, accelerated to the required

~ energy, and the beam must be directed towards the target,

and focuSed'upon it.

The Van 'de Graaff prOper is a de-sice to create a high

pos1t1ve potent1a1 on a metal shell which surmounts it. It

is within that she]l that the charged part1cles are

‘produced, and it is the potentia]lthere ‘that provides. fhe

i

The charged particle beam is kept withiﬁ”eVEQﬁQtéd
tublng wh1ch also encloses the target. )On its l"‘m'lay.‘.it is
bent and focused by a number of magne\1c and electrostatlc '
lenses. The beam may be pulsed so that tbe time betWeen when:
particles strike the target and partlcies or gamma rays
leevingb the target are detected may be observed in

experiments.

2.2 The Van de Graaff
A Van déQGraaff accelerator consists fundamentally of a
metal shefl;< supported by an insulating column with ‘a

o

charged insulating belt -moving within.



A high- voltage discharge places pos1t1ve charge oh the

belt at the base” of the column. As the belt ‘is insulating,

charge cannot f low aﬁong'it{and therefore must follow its

» motlon aga1nst the potentlal gradient insidE*,the"column,

gaining elecfrostatlc potential energy. as it\moves: Once

1n5ﬂde the metal shell atop the column. the charge on the
belt has galned enough energy to be at a potential

v comparable to that of mts new surroundlngs Thus,,as - though

the charge had not travelled across a potent1al d1fference '

of several million volts, it may Stlll freely leave the belt
O

and add to the charge collected on the outer surface of the
shell. As well negattve charge is sprayed on the belt by
another high- voltage dlschardg‘ before the belt leaves the
metal shell on its way downwards . ' | v
. " It is intended to malntaln a potent1al of up to seveh
hmillion volts on the metal shell atop the Van de Graaff:

Therefore, it is necessary:to take precaut1oniyato minimize

the . loss of charge fromp the shell, and to prevent

\ ‘ . o ;’ﬂ'/ |
One of the precautions taken is that the entlre Van de

destructlve sparks

Graaff is placed within a large vesel fllled with compressed

insulating gas* when in operat1on Another is that ‘the

g :
_potent1al grad1ent along the ‘column is Kept approx1mately

un1form, to prevent large local potent1al dlfferences"from

: resultlng in sparKs

For th1s purpose, the ent1re column is r1nged by a set

of metal bands Each of these bands is connected to the one
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* above it and the one below it by akrarge resistor; (500-1200

megohms), the topmost ring being connected‘to‘the charged

she11 atop the column, and‘the 16west ring being. ccnnected;

through. an']anméter, to ground. Also present is a series of

smaller nrings‘ surrounding the’~be1t (insulating sqacers

prevent the belt from touch1ng these rlngs), and a series of

thin metal plates sandw1ched between the r1ngs of 1nsu1at1ng
v

mater1al, which form that sectlon of evacua&ed beam tube<.
“which is_within the column. The 1tems in these two series

have the same-vertical'spacing as the, metal bands around thehb

outside of the column, and each ring around ‘the belt. and

each metal plate 1n‘the beam tube’is'connected to the metalA

band around the out51de of the column at the‘same he@ght, in

order .to more. sful]y ma1nta1n a smooth potent1a1 grad1ent‘

within: the column.
'The chain of resistors ‘used to. maintain a smooth

potentialhgradient along‘theacolumn is one source of loss of -
charge from the metal shell ‘atop the coldmn 'Corona |

dwscharge from: the shell is another source of charge 1qss in

normal operat1on' the current’ lost 1n each of %hese pathways

-

is, from 10 to 50 mlcroamperes

K

The rate of _charge loss through"corona dtscharge is

iccntrolled by the corona Po1nts These are’ negatlvely
"charged needles wh1ch protrude From a metal screen attached
to the contalnment vessel The corona po1nts can ‘be moved :
}towards‘ or away from the charged metal shell, and theirr

'-charge is adJusted automat1cally by the sl1t control system,r

t

&

LY
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which will be described b%lpw.

| _Also on t?e ihsidé of the containment vésselggjs} the
.géneratfng voltmeter. It/consists of a rotating f]qi fan]ike
‘Mpiepe of metal, in front of a set of sfationary; ‘blades’
which ‘aré alternately shielded and expoéed by }ﬁ; rotating
element in front. Thus; th; stationary blaQés in the
generating vqltmetér are conngcted.to the top eﬁd, which is
the metal\sheil étop.rthe accelerathr ~and tﬁé equipment
contained wifhin the shell, by an oScillatingfcapacitance 

,’Thus,.if the stationary b]ades are connecgéd 4?9 ground
_ lthrough.»a‘ resistor, an“Af current proportibna] tb the p

L&)

end voltage will fTBw. , B R

2.3 The Top End
By pfécipg the,tbp'end at a high pogﬁtjve voltage, it

is ensured that a beam - of positively charged particles

_.originating there will have a high 'enehgy."Therefore, the

source of ions and some equipffent for focusing:the beam are:’
. o

placed within the dome-shaped metal shell atop- the Van de
Graaff accelerator. .

The ion source, like the entfre beam pipe, is evacuated
to permit the free MOvement of charged particles within. 'A
small amount of the gas the idns of ‘which are to bev
accelerated is allowed'to seep into the ion sdurceq through
a slow leak‘whoée permeability is controllable.

Radjdfrequency energy, at a fréquéncy of 125 MHz, heats

and ionizes the gas in the jon source. An electromagnet, the

- -
)

.

G



source magnet, around the ion source concentrates the
ionized gas, making the process more effective. The level of
the 125 MHz‘RF energy cannot be adjusted during operation:
therefore, it is the source magnet current that coﬁtro]s the
rate of jon production. If 'the source magnef current-ié too
high, fhe plaéma will dféw too much current from the RF
oscillator; the recommended ma X imum level fOr,thg osci]iatof
plate current is 350 mA. | . |

jThe jon source itself is a glass tube, ringed by two
metal bands to sqpply RE energy to the plasma Within, and

surmounted byva metal cap. A metal nozzle protrudes into the

ion soubée at its base through a small hole in a flat -metal

plate, the source aperfure plate, where the ion source opens

‘into the beam pipe. The voltage difference between the metal

cap atop the ion source and the-nozzle below is called the

~

=

probe voltage, and it controls the rate at which ions are
pulled from the ion source. | | |
The top .element of a- three-element . cylindrical
electrostatic 1e;s tapers at its top to become that nozzle.
The voltage on the middle electrode is conffo]]ed‘to éitér
the focusing effect of the lens, while the other two
elements  are electrically connected. This lens, called an:
Einzel lens, iS the first focusing element in the syétemAand )
is called Focus 1. |
Relative to the potentfal at the source aperture plate,

the méta] cap étop the ion source, called the probe, is at a

voltage of up to +15 kV, the middle electrode in the Einzel
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lens is at a negativé Voltageﬂof up to -10 KV, and tHe-other;
‘two electrodes are at a‘negative voltage of ;p to -BO‘KV.
| In the particular accelerator system under 'discussioh.
there are two assemblies of ibn source and Einzel lens such
as the one described above. The.elemenfs of the two Einzel
lenses are electrically 'linked; the incoming flow of gas,
source magﬁet current, and source oscillator currenf are
connected to the source in usé.
Which s“o.u'rce‘ is in use is determined by the direction
 of the current in the'termina1» anaiysis maghet;!vfﬁe: négt
place thé béah enters. As the: terminal anaiysis magnet bends
the beam magnetically, and the force on a charged particle
in: a magnetic‘field depends on its véchity asvwell as its
chardé, mos t ihpuritjes'are removed from the beam on the
basis of their charge4masslratio. Even at this point, the
kinetic"énergy of each particle ;is proportiondl td"its
charge, as the particles have travelled thfdugh a potential
difference of several thousand volts. ' |
yext, the beam basées !throughd th sets of parallel
electrostatic deflection plates, each set at 90° to the
otH%r. An RF signal is.applied to the plates, with that
appliéd to‘ one set out of phase with that applied to the
other'set‘by’ 90°, deflecting the beam in a constantly
changfng' diﬁectibn. Below the deflection plateé, there;ié‘a
flat me allplate in the path of tHe beam with a small hole
fn t:gg cehter..Dn this plate, the beam traces a distorted

el]iptica] path when the deflection plates are in use: a DC

)
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bias is used to CQUSe this path to traQersé the hole in the
chopping aperture platé.

It is necesary toédef1ect‘thé beam in two dimensions so
that if it goes through the hole in the ‘chopping aperture
plate oﬁiy once, nét twice, per RF cycle. This wéy, the time

from one pulse to the next naturally tends to be uniform,

rather than having to be made uniform by a critical and.

unstable adjustment of the deflection plate bias. o 8

’ Beiow the cﬁopping’aperture plate, there is a conical
| eféctro@e used to focus the beam. This electrode is called
Focus 3, and it is at-a negétive voltage of up to .-40 KV
relative tb' the chopping aperture pléte, which is at the

_same potential as the two linked electrodes in . the Einzel

lens above.. Whefher or not a pulsed beam is in use, Focus 1~

~is set to focus the beam to a boint at the hole in the
choppihg aperture plate.

Focus 3 stands at the entrance to the insulatipé

column, and thus at the exit. from the top end.

2.4 The Beam Line
The potentfa] gradient down ‘the insulating cblumn,
while smootﬁ; ~is  not preciSely uniform: this enables the
- column itself téhhave a focusing effect oﬁ;the beam. As the
}potentia] diffefence aléng the column is much greater than
the differences within the top end, no further controls that

can be adjusted while the'machine.is in use are found after

the beam leaves the top end until the beam exits‘ from the

T -




base of the.column;

The analyzing magnet, which bends the beam from the
acce]erator. by 90i‘ sitsldirectly below the column, on the
floor of ihe'boém Qnderneéth the Van de Graaff. Thﬁs magnet
N 'removes.,impﬁrities‘from ﬁhe‘beam in the same fashion as Ehe
»términgl analysis magnetf‘and is even more ‘effectibe at
doing . so. The analyzing magnet also lets the Van dé Graaff
stand ver&ical]y‘and be supported by a' single insulating
co tumn designed prima?i]y for‘compféssional strength, while
the experimental area receives a horizontal beam, as is
required for conveﬁience in mounting and moving experimental
equipment . | ,

The brimary purpose of the analyzing magnet is to
" facilitate the méasurement of;the energy of fhé*particleg.in‘
the beam; thus permitting this energyv’to be cdﬁfrol]ed.
Siﬁcé the angle by\which a charged particle is deflected by ,
a magﬁetic field depends on the velocity; and hence the -
-Kinetic;3énergy, of .the; particle, for any Vvalue of the
'ahélyzing magnet current there is only one Energy‘at which a
beam vof' any one particle type wi]]rbe def]ecped by a righf'
angle. - ' |

The ana]yzing magnet also acts as a converging"lens.
and .is designedlfto H;Ve4 its minimum aberration for one
éﬁecific set of object and image poinfs, In the beam line-
above the éhalyzingﬁ magnet, there is a small ring
Surrounding the.object boint. Focus 3 is to be adjusted so

that the beam is focused to a sharp point there:—the cdrbent



qhadrupo]e magnets.

. : : | A

striking the ring, called the focus current, indicates when

this goal is not achievéd. At the image point to the east of

_ the ana]yzing'magnet.'there is a horizontal slit bounded by

two adjustable metal wedges. Particles with tco low an

energy are deflected through an anglé greater than 90", and

strﬁke‘the upper wedge, while particles with too' high an-

energy strike the lower wedge. The amount of current

striking each wedgg-is qséd by the slit feedback system to

'determine if the accelerator is actually producing particles

at the intended energy. The éﬂit feedback system will be
described in detail below. |

"~ Also above the an;[yzing magnet, but be 1 ow fhe co]umn, 
there is'a set of steering magnets. Each stéering magne t ‘is
a specia]]y-wound’Amagﬁetic‘ defleétioh yoke, which ‘cah
def]ect the beam by a limited amount in any direction
perpendicular to its axis. Two stgering magnets separated by
a short distance along the beam ean together wé]so 'displaCe

the beam in a direction -perpendicular to its own axis.

Another ~set of steering magnets is located between thé

aha]yzihg ‘magnet and the switphing magnet, the next large
e]ectromaghet to be encountered. | |

Within the switching magnet, the  evacuated tubing in 3

,.Which the beam travelé branches off into three directions.

The level and polarity of current in the 'sWitching magnet
determines the beam 1ine down which the beam wiI] travel. In-

two of the. three beam lines, - the beam 1is focuse by
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While an electrostatic ‘iens is straightforward in

princip]e, less elaborate equipment iand less electrical

) ‘power is required to deffect a ihighly: energetic charged

particie beamt to- any 'giyen exteht by .the “use of
eiectromagnets HoweJer a simple'converging lens cannot ' be
constructed.directlyjw1th mégnetichfieids. d

A quadrupoie magnetic field can be produced that is

converging in one plane and diverging in the other plane:

two  .such fields, edCh rotated by 80" with respect to the

other and separated by a distance along the beam, so that

second-order, effects ‘can be produced by oppOSite and near]y

equal components of their fields, can produce a net focuSing

effect in both planes. Since the focusing effect is obtained
by a different sequence of lenses. in each piane, astigmatism
is present although the focal length may be the same in- each
plane. While astigmatism can be ‘reduced by using three
quadrupoles. the one in the middie being twice as iarge as
the outer.'two,k this is not done in the system under
discussion:w instead, the astigmatism of the quadrupoles is

used to correct for éstigmatism in other  parts. of the

system, \primariiy the analyzing :‘magnet and the switching

- magnet.

2.5 The S1it Feedback System
Theivo]tage on. the ’top end: of the accelerator is
determined by the amount of charge stored there, as ‘the top

end acts és'one.plate?of a_capacitor‘to ground. The rate of

~
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charge loss by corona discharge and through the column
resistors increases with top'eno volt;ge, while the rate‘of
' charge gain‘through the-belt, constant unless altered by the
" operator, is' largely independent of top end voltage. Thus,
for any given level of belt charge, there is a voltage at
the top end that will produce equ1l1br1um The magnituoe of
beam current 1s negl1g1ble compared to that of the other o
charge f lows in the accelerator
Whlte the be]t charge mus t be at a ]evel appropriate to

the energy be1ng sought changes to the bett‘charge ‘take a
'.Cons1derable t1me_ to be reflected th thevtOp end'vo]tage.
The mechanical mot{on of the charged belt imposes a oetay‘on
the order of a tenth of a second but an evenllonger_time is’
needed for equi1ibriumfto,be reached after a s1gn1f1cant
change in  the hleQel' of charge. The voltage on the corona'
points is used tor Tfast, de]icate control  of top end
voltage, aszhere there is a direct electrical link to the
charged metal shetl atop the vaccelerator, thus ipermitting
control at electronjc speeds. Although the time needed to
‘reach an equi]ibriumvtollows tne same propor'tional relation
to the amount 'of vo]tage change des1red whether the belt
;charge or- the corona po1nts are used, since other -delays
involved are very . small, m1nute changes in the top end
vo]tage,can be effected in milliseconds-or 1858.—~

| The vthage'on the corona points is controtled by the
stit feedback ~system: The 'slit feedback gxstem senses the

' 1 , . _ 3 ] »
energy of the machine in two ways: through the energy. slits
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‘ f\*\hkjocated at the exit focus of the analyzing magnet, and from

the generating voltmeter.
A magnetometer uti]izing nuc lear magnetic resonance 1is

tused to measure the field w1th1n the analyz1ng magnet and

the analyzing magnet current 15 set for ‘the exact energy

‘required with the aid of the NMR magnetometer. Thust CUrrent
hitting either one of ‘the wedges  at the energy‘slits
predominantly indicates an error not in the analyzing-magnet
setting, but in the energy of the particles aCtual]y being

produced by the accelerator.

While the”generating ‘voltmeter provides a far less

'preeise indication of top end voltage than the energy slits,
‘this indication is a]ways present, while the ’energy slits
are only u$etul if a beam c]ossvto the des1red energy is
actual]y gotng all the way down to the ana1y21ng magnet and
beyondu Thus, the.fWO methods of determ1n1ng;top end voltage
complementveach other. A three-posjtion switch on the slit

feedback system enables thef_operator to'select which of

these two_methodstis used, or to allow the slit feedback

‘system, in tconditional“; mode, to perform this selection

itself.

In conditional mode, the slits are normally used, but

Gf there is no. beam going through the slitst or if the
generat1ng vo]tmeter indicates a voltage error of‘ over 30
kv, the generat1ng voltmeter is used instead. The 1atter
criterion is to prevent the system from locking on to a

spuriousﬁ'beam of particles with a ohargeqto-mass ratio very

i R
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L close to that of ‘the part1c1es in the 1ntended beam, an
appltcable example of which is doubly charged - Hel1um 4 and
singly ionized deuterium; | » -

" The sensiti%ity of the feedback loop provided by the

Ws]1t feedback system is changed by moving the corona potnts |
The sens1t1v1ty must be enough to prov1de tight control,. but

- not enough to cause osc111at1on and it must be reduoed by

retracting the corona points when the energy is raised.

2.6 The Mobley Beam Compression System ,‘
| One of the three beam lines after the switchingtmagnet
conta1ns a system to taKe a pulsed beam produced by chopping
it in the top end and compress each -pulse from a durat1on of
about 10 nanoseconds to a ‘duratlon on the order of one
nanosecond. Th1s system, the Mobley beam compress1on system
‘has'es its most vts1b1e element the Mobley magnet Th1S
 magnet, like the analyzing‘ magnet}' is a doubte’ focus1ng
magnet which def]ects the beam by 80", but in th1s case the
beam is in the horizontal plane both upon enterlng and
| emerging. The target is loca:\d at the image point of th1s
magnet, and the set of quadrupo]equreSEnt in this beam line

is used to focus the beam at the object point-of-the Mobley

magnet . ’ * o
/ - ’
Eent%ctes 1eav1ng the obJect point of the magnet within
/
| -
//////////, a limited angu]ar range all go through the Mobley magnet and

arrive at the target: . but they -do not all take the same

amount of time to get there. It is this property of the

Y SUT VUNFUE -
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Mobley magnet that is explo1ted to obtain beam compress1on

A set of electrostat1c deflection plates supplled with
1

an alternating current, located at the object’po1nt of the

Mobley magnet continuously changes the path by which an

inéeming ~ beam ‘w111; go through the ‘Mobley hagnet. A
capacitative bickoffvlocated at an earlier eoint in the beam
lire detects each‘pulee‘in.the original.beam as it!gdes by .
The signal from the capacitativevpickoff is used to lock the

phase and freqqency of the alternating current on the Mobley

deflection plates to that of the beam pulses.

N

This i$ used to ensure that.the earlier part of a beam\:

pulse takes a 1onger path to the Lapget than the: later part,

making all parts of the pulse arrive at the. target at more

nearly the  same time. This principle is illustrated by

Figure 1.

- The operator can adjust both the phase and - the

amplitude of the . signal applied to the def]ect1on platesi— -

e

-~ the phase is often adJustedfto obtain-the best qual1ty of
B i
pulse, while t corF/Ct amplltude setting can be determined
rom a formu]a using the part1c]e mass, charge, and energy
The f1n1te width - of the beam, among other thlngs

limits the effectiveness of this_method:'on the ofher hand,

plaC1ng a lens that is d1verg1ng in the horizontal plane

between the Mobley magnet and target can deal with the

penalty of decreased angular resolution "that - this method

appears to impose:
J

SO N PO P
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CAMAC

&

3ttv1ntroduotion |

CAMAC (Computer Automated Measurement And Control) is a
standard_deftning tne djgjtal bus, inoludﬁng power suoply
._vrattngs and faﬁ-in/fanjout specificatjons for didftal signal
'sinks/sourcesb and the pnysical Configuration’ for mounting

_the d1g1tal modu]es that conform to the CAMAC standard.
Modules.. used in CAMAC systems vary in funct1on and
’icomplex1ty from scalers, A/D converters, and 1/0° ports to
<;yaveform d1g1t12ers and v1deo display controllers. CAMAC is
| useds1nvprocess oontrol. researoh, and medjc1ne, among‘other
fields. o | | | “ | o
Because  the digital bus defined by CAMAC is
3 processor-independent,fthe wide variety of ‘digitalbxmodules
avaitable‘ for CAMAC is available to users of any digital
computer ;oriwhichr a CAMAC to- computen interface can be
.obtétned. Data is norma]]yk transm1tted over this bus in
binary orfpacKEd-deCimal format, whereas in IEEE ,standard
488- 1975, alsogﬁnown as the GPIB bus, data is transmitted in
tne .form'.of ASCII jcharaoter strings ‘to free-Standing
progrannmble instruments Ne1ther 1t nor any other standard

/‘

directly competes w1th CAMAC



3.2 The.Crate - , |

' The CAMAC crate is “the stepdard rack in. Whioh’ CAMAC
modules. are located when in operat1on The crate is atso,a
) un1t of the CAMAC addressing scheme. Up to 25 pos1t1ons‘ for
; modules cal]ed statlons, may be present in a CAMAC crate.

£

The r1ghtmost station 1s called the oontro] station, ahd js
not wired in the same. way as the other stat1ons caTled,
'hormal'stations. The'control station must :be one of ther
'stations occupied: by the'crate.controtler,’whiCh must also
occupy at 1east orre other stat1on | : o

The crate controller decodes five bits ﬂof address
information, the station number vwhioh identify the moduIe
involved in a transaction and. then sends a s1gna1 from fthe
Vcontrol station, calted An, to the normal stat1on that is
addressed. An»additional four bits of address 1nformat1on,d
~ called the subaddress, are rece1ved d1rectly by. the modules,,
which decode th1s 1nformat1on themselves so that mu1t1plev
capab111t1es w1th1n a single module can be accessed

A f1ve—b1t funot)on  code 1dent1f1es  the type of
transaction taking place. in addttion' to distihguishing\dv
bethen read, write,"and 'dataless (control) cycles,,it
descr1bes the purpose of the transact1on _to}_a tihited
.extentt For example F(O) 1nd1cates that a data reg1ster isi
being read.hwh1te F(1) ihd1cates.that{a“control reg1ster is
beihgf read, and.Ft2)gindicates that the same- data register“
that F(O).woutd,refer'to under the same circumstances is

" being read and4 cleared. F(8) tests' if the ‘module is
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n

attempting to request service with a Look-At-Me signalw gnd

'F(10) clears such a request. (24) ‘disables some function of

K=l

the module, and F(26) d1sables the same. feature (if issued

to the same module with the same subaddress). Def1n1ng‘ the

_function codes in detail in this way rather than adding a

feiw bits to the subaddress, ‘enhances compat1b111ty between
modules and causes the soffware even for completely

different - types of modules  to include  common  and

- recognizable - elements . thus making software .for CAMAC

modules understandable to some extent even to fhdse
unfamiliar- with the specific moduleS‘used.vThe subaddress
indicates‘whﬁchtof a number.of actions is performed by a
module where there are several possible actions. of the same
genera]_type, thus associated with fhe same‘rfuhction_ code;

available from that module. o

‘ Data transm1ss1on is along t%argﬁts of lines, one for
reading and one for writing, each one 24 b1ts w1de . Several
signals are common to all stat1ons, among them~the Z signal,

which initializes all modules,‘and the Q s1gnal which s

‘availabie to wh1chever module is addressed to send a single

bit ofistatus,lnformatlon to the compugertdur1ng- any CAMAC
cyele;‘ whefher read;.write,ror control. Eaeh station hasla
sinéle line direct to theoconthol stafion Which:can be used
by the module.injthat norma 1 Statidn to'send a request for

service to the crate contbo]lef These lines 'called the L

"“or Look-At-Me lines, require half of those contact pos1t1ons

in the control station,thathare used for read and write
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lines in normal stations. The same is true of the N  lines,
which 1is why the crate controller must occupy a normal

station in addition to the control station.

3.3 Multi-Crate Systems 0

Many CAMAC systems consist of more thah one crate.
There are two standard methods of cohhecting crates in a
system, the paréllel highway and the serial highway. The
serial highway was originally devised for‘systemé in which

crates are separated‘from each otheh by long distances and

which could tolerate a slower ‘rate of intercrate

communication.

The parallel branch highway is the method used in the

system under. discussion. In it, up to seven crates may be

connected in a branch. Each crate in the branch must have a
CAMAC Type A crate controller, or near equivalent, to which

connection is made. The nature of the branch driver, whiéh

" ‘controls a whole branch, is not defined ™ in ény CAMAC

standard, thus in this installation a system called the:
14 . .

Elliot Executive Suite is. used, wherein the computer

controls one crate, belonging to no branch, which contains

"the branch drivers “for up to four branches as well as

4

modules that can be used normally.

¢



CHAPTER IV
BASIC

hY

4.1’Introduction ‘

| BASIC (Beginners’ All-purpose Symbolic Instruction
Codef is a programming Ianguagé originally deveioped by J.G.
Kemeny and T. E. Kurtz at Dartmouth-College in 1965.

Most implementations of BASIC are by means of an
interpreter 'ratﬁer fhan a compiler. Two general ways exist
in which a computer can be made to.automatically perform a
computation described in a 1anéuége other than its own
machine 1an§uage.,Either the program can be converted to an .
equivalent b;ogram in the computer’s ow; machine language by
.a compiler, or a program called an interpreter_can‘reéd the .
prégram describing the - cdmputation to be performed,
per forming the computatiohs that that program calls for
while reading it. If this métﬁod is chosen,. it is
conéiderab]y less difficuit‘ to provide the Qserv with a
" conversational environment where programs can be modified,
run, and modi fied again, either after‘normal program exit or
éftér interrupting the program, without Having to unload the
user program in order to edit ;nd compile .ité source Itext
égain{ However higher-level language programs run
considerably more slowly when interpreted fthan_ “when
compiled. 7 7 o ‘

The BASIC language is simi]a} to FORTRAN, and is useful

for the same typé of work, mathematical _calculations in
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science and engineering. Howéyen, many of the more difficult
to understand features of FORTRAN have been omitted or

replaéed by something easier to use in BASIC.

4.2 Modifications to BASIC

As BASIC possesses the dual advéntages of ease of
learning and ease of use, as Qé]l as because it has beeh
implemented on a widé‘varietyiof minicompbteré, a standard‘
was deveidpéd that *described a way of éxtending BASIC fo
control and communicate with_CAMAC méduléé.

The existing BASIC interpreter for the Honeywell v516
computer used for experimehta] data collection was modified
<to implement this  standard. ‘The BASIC interpreter as
modified was originalTy,intended to be used to test concepts
énd methods of using CAMAC modules to control and monitor
the accelerator in - preparation for | the usé .of a
'MicroproceSSOP-based system with‘a BASIC interpreter of its
* own to control. the accelerator. )

The fortunate vauisition, at a laier date, of a
Honeywe 11 336'compUter, ‘which executes the same set of
" machine instrﬁctions‘ as the 516 but at three-fifths of the
>'$peed, considerabTy enhanced the usefulness of the modified
BASIC interpreter, as thé'SiS waS»innediately dédicated to
the aCcelérator.contro] applicatﬁon.

Additional extensions to the BASIC interpreter to

1 DAaal _Tima RACT:, £An HAMAN CCnNNE nilhliAmatiAn DTR/HQ mr
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provide  disk file Jinput-output, some limited character
manipulation facilities, program chaining and the ability to.
read the position of the sense switches wre made. These
extensions éignificantly enhanced the pofentia] capabilitiesv

N

of control programs written in BASIC.
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FORTH

5?1 Introduct ion

FORTH is an uncdhventional'Tangane for minicomputers
that  provides a higher-levé1 language capability to sySfems
that.may on]y.have a small amounf of membry. FORTH,. in fts.
‘present form,,_wés develdped in 1971 at the National Radio
Astronomy Observatory at kitt Peak by Charles Moore as the
result 6f e%perimenfatioh‘, With novel - lanUage and
implementation con;epts that he had engaged;in for several
years.
| | FORTH is an extensible 1anguége; new syntactic elementg
Fof ény of the4types used in FORTH may be defined 'by .the
sophisticated .user._A]l'cqmputationaj»commands in FORTH are
subhbutine caT]s, thus makfng fhe most-used paril of. the
languégéﬂjeasily extehéib1e. Assembly- language sﬁbroutinés
can be written within FORTH, and even the list of assembler
hmnemonfcs iscéxtehéible. | | ) |

As the extensible nature of FORTH implies. that in
,anmal use a signjficant amduqt”df FORTH code is processed
immediately after . loading the FORTH system to provide a_
chosén‘exténdea eﬁvifonmenf‘ t5 the uéér, 4 -mass-storage
device, ‘sﬁch 55 .a disk, isv,required in any redsonabfe
imp]ementation'of FORTH.

| FFORTH is’implementéd.by means of an fnterpfeteh, But if

does not provide the same interactive environment as BASIC.
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' : rograms must be 1isted and edi ted ffrom' the copy in the-
,mass~shorage device, not  the executable form in the

computer’'s memory.

5.2 Basic Concepts
 The basic unit of FORTH is the word. In FORTH, 'a word
is any string\'of' characters bounded by the current
de]imiter; which is almost always a space. All words must be
defined before: ‘use, either ‘within the.\s&stem or by the
programmer Numbers fitAthis definitioh of‘wordS' they need
not be defIned exp11c1tly, nor does each number used have an
1nd1v1dua1 def1n1t1on stored in the computer s memory A
word that is otherw1se undeflned is accepted as a number if
it has the appropriate. form, and the”action'of the word is
then that of placing its value on thenetack, |
Each. word is, in effect, a subroutine call. As this
means that each word performs a :self;contained action,
rather. than_ being part of a statement with one of several
types of syntax, the ‘language is easily extended by defining
new routines. This characteristic Aof‘,wordsf affectS'the
manner in whtch xarithmetic .expressions are entered,
requiring ithe use ofIReVerse‘Polish Notation (RPN ) ahd the
provision of a stacR. | |
This stach grows from high core towards  low core, so
“that * the table of internal word definitions can grow in the
other direction, permitting efficient use of all available

memory .
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" The dictionary is the area “of memory where the

‘definitions of words are stored in internal form. Each

‘definition has a header containing the partial spelling of

the word being defined, inncondensed form, a pointer to the
header of the previous word in the dictionary, so that the
dictionary can - bé_ Searched,. and 3 pointer - to
machineflahguage code‘sbmewhere in  the computer’é memory ,
Whicﬁ, when executed, performs the action'fér which the word
is?a requeét;,SUCceSSive Héaders in the dictioﬁary nofma11y

have a number of memory locations between them, where the

'data that the words are conéidered to name, or the text of

the programs they name, may be stored.

5.3 Language Description

‘As we have seen, each word in FORTH is a request for

action in and of itself. Therefore, arithmetic in FORTH has

to be expreésed in RPN. As an example of what arithmetic

looks like in FORTH, the following FORTH code
| 51+ 3 %24 % -
performs the same action as the BASIC statement’

PRINT (5+1)%3-2%4

" as the FORTH word . prints the value of the number at the

I3

top of the stack and removes that number from the stacK.

Some words read the WCrd_that.folioWS"them rather than
a]lowing that  word to be executed. - This 1is done, for
example, by words that define new words: the word to be

defined cannot yet be executed, as it is hot‘ yet defined,
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and foTTows the word which creates its def1n1tlon

The most -important way of defining a new word is to.
‘ def1ne it as a call to a FORTH- Tanguage'subroutine. A
typical definition of this type, caTTed a colon definition,
looks like th1s . | B

XXX DUP 3 - 0< IF 5 * ELSE 4 SWAP - THEN C

This FORTH code defines XXX as the name of a subrout1ne, a
new FDRTH word Th1s word takes the top number on the stacK
and pr1nts five. t1mes that number 1f it 1s Tess than three,
and prints fourkm1nus that number otherw1se.

In addition to reading the next word, the colon places
FORTH into a special mode, caTTed function definition mode ,
- where words are read and placed into the definition of the
'new function instead of' being executed Some words most
evidenny the semicolon, have. to be .executed dur1ng function
definition mode. A bit inside the internal form of the
definTtion of a word is used to indicate such words. The
programmerT may create new words of this type by deffning
them in the same way as in a colon definitTon,'but with the
word‘mEXFCUTE replacing the coTon. The words IF , THEN , and
ELSE were defined using the word EXECUTE as well as other,
more complicated, features of FORTH; | |

Function definition mode is not required for defining
Qariab]es, nor is it required for defining assembly-language
procedures. a

" The definition

- 0 CONSTANT XFLAG
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causes XFLAG to have the éctionvof putting a zero at the top
‘ of ’the stack whenever it is executed. The address of the
. memory location §Ontainingfthe value of XFLAG cah be 'piéced
on the stack by the following FORTH code:
" " XFLAG | o
The word "1 reads the‘ word XFLAG, not allowing it fo be
executeé} and fiﬁds the memory‘ address in the >dictionary
where i£§  value is. stored, placing that address on the:
stack. : | “v:

On the other hand, the definition

35 INTEGER W |
reservés a memory Tocation, ihitfa]]y cOntaining}the number[
35, and causes the word W to have the action of putting the
'adaréss of that>10cétion at the top of the stack when
executed. The contents of that locatfbn can be placed on thé'
stack Ey the fQilowiné FORTH code:‘
W e .

After the word W executes, the word: @ simply takes ,the_
'nupbeE at the top of the stack, and replaces it with the
jconténgs.of the membry iécation(b% which that number‘is “the
address. ”

The WOra = is‘used ta assign new valués fo variables..
It takes the number at the\tob of the stack, and uses it to
identify the memory location in which it Storeé the number
'second from the top of the stack, and then removes botﬁ
number's  from the stack. Thus, using XFLAG and W‘éébdefihed

above,
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takes the value of XFLAG and assigns it to W, and

W @ ' XFLAG =
&taKes‘ the value of W and ass1gns it to XFLAG As' can be
seen the distinction between INTEGER and CONSTANT type

,,vartables is very 1mportant

The word , takes the number at the top of the stack and

places it in,the dlcttonary, incrementing the dictionary

pointer so that anything new p]acediin the dictiodary does

not oVerwrite.theﬁnumber plaCed'therei One way that this

. word can be used is: |
5 INTEGER ARRAY 6 , 7 , 8 , 9,
Because =~ the word INTEGER ‘always uses the location

‘immediately atter the function header of the word it defines

for the number_to‘which that word will refer, the code above’

has the effect of defining the word 'ARRAY "to be a word_Which

places on the stack the address of the first lelement of an

array contatntng 1n1t1a]1y the numbers 5, 6, 7, 8, and 9 in

that order.

The word CODE begins the definition _of an

assembly- language procedure. The word CODE reads they word -

. _
following 1it, and . creates the appropriaté header for an

assembly-language procedure. This header indicates that the

machine code that must be executed to. perfdrm the action

assoc1ated with the new word is ]ocated in core immediate]y

after the header

Creat1ng the header is all that the word CODE does. The:
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required'-assembly code must be expl1c1t1y placed in the
,d1ct1onary by the programmer Before any- other words may be'
def1ned it must  be- ensured:, by assemb]1ng a jump:
1nstruct1on, that the header of the word- fo]]ow1ng w11] not'
be  executed asn if .it were 1ntended as part of the
machine- 1anguage code in this word |

- The process of plac1ng machine instructions in the
dictionery is eased by defihing a]]_ assembler - language
mnemohics.to‘be Words\which heVe the action of . placing the

instructions they represehtvtn the'dictiOnary. For the same

're,=fQ_v"*?FORTH arithmetic is done anReverse Polish‘form,
xl of memory4reference\instructions mus t precede
theé‘ I ion mnemonic; first the address is ptaced'on‘the
stacl, ﬁ? the assembler mnemonic takes‘the address from'
the gf ﬁi combines it with its own opcode ahd“o]aces the
| A Emach1ne 1nstruct1on in the d1ct1onary N
glfnumber of words are def1ned in the system that place\
Egﬁtruct1ons in the dictionary by means of which ant\

r-language subroutine -can return control to its

ca]]erff“Moze then one such word is ~defined so- that
aéeemb]er-Janguage subroutines can haye a nUmber of'common
stack manipulations done for them;‘suchjas'"remove ‘the top
’th numbers on the stack, and place the contents of the.
accumulator .on the stack instead" | -

The gisk (or other mass-storage deVice)' is where the -

written §

stored.f i,e programmer, the disk appeers as a set of over

irm of function :defihitions “can be oerm;neht]y e
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five thousand blocks of storage, each one COntaintng"1024
8-bit characters;'of,5t2.16-bit numbers. The Qord>LOAD takes
the top number from the stack, and reads in the..disk bIocK.‘
hwith.that number, causing the FORTH code in that.btocK to be“
exchted.as if it were'being typed ih,onvthe te]etypeWriter'
X keyboard. In fact, a disk block being read ahd’executed in
this fashion can even contain LOAD commands itself._The disk
~block must cohtain after the text that is intended to»be
exeCUted, the word 'S wh1ch 1nd1cates the end of the text in
- the block. - |
.-FORTH code that .can be 1oaded by the command EDIT LOAD
(EDIT is a. CONSTANT type vartable) allows a user to enter
text into FORTH blocks, which' are con51dered to have 16
‘llnes of 64 characters and replace delete, or move 11nes,
; other fa0111t1es exist for transferrtng source blocks ‘to or
-from paper‘tape,'and for. 11st1ng any block or ‘group of
consecuttve blocks on the teletypewrtter o
. FORTH words have been 'def1ned to perm1t use of the
CAMAC system‘¥ In addition to assembler-language programs to
per form actUat CAMAC ihput-odtoot, a, new type of FORTH WOrdQ
‘As‘g'i'milar‘to the CONSTANT type, is defined so that the full
descrtptlon of a CAMAC operat1on tn compressed form, can be

\placed on the stack by a- 51ngle eas1]y def1ned word

1Go FORTH With CAMAC W. K Dawson Unlvers1ty of Alberta

A ~n . d T A
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5.4 The D1ctlonary |
The,d1ct1onary, as prev1ously stated is _the' area of
memory in ,yblch :FORTHi stores the def1n1t1ons of all thé.
words that haQé been defined. Each d1ct1onary entry,contatns
a header record that conta1ns the fol]ow1ng
- the name of the word being def1ned in the form of . ttgﬁ
first three characters, ptusfagbyte indicating 5t$t
1ehgth, | o | |
a pointer to‘"the header of therpbevjous:word in the
 gictionary, |
and a"pdidter. to the cddé which mustbbe éxéédtedvto-;
.perform}the'action tHat-the,wofd is tntended.:tov
, perfobm when executed' |
: S1nce - only part1a] 1nformat10n about the'sde1]1ng of. a”s‘
word g retalned internally by FORTH it is necessany, tdo
create new words with care. | | -
Mbst words ale‘ havé';a "value"; some area of memory
1 adjacent to the functton header conta1ns elther the program‘
text of the word; if it is a subrout1ne def1ned by a colon
_defiﬁition or:tn assemb]er.language, or‘the numerwca]. value
thought = of -as belbnging to thedword as for INTEGER and -
‘CONSTANT type var1ab1es Exceptifor some types of character
'str1ng the va]ue of the word is always in memory locat1ons
follow1ng the header : | o | t R
- There are. three fundamental classes of FORTH words w1th
Fe$pect to - the p01nter' jdent1fy1ng the code that w111"

‘perfofh the action‘expected ofﬁthe'word.
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The most \ ~straightforward cése. is that of.-
assembler-]anguaéé procedures. Here, thexcode to be executed
is the value of the word, and that is prec%sé]y what is.
bointed to for execution. |
The Second case is that of coion (and EXECUTE) defined
words . Here, the pointer pointsJ to part of the FORTH
interpreter itself, which then reads the FORTH code in
compres;ed internal form and executes it. In internal form,
‘each FORTH word becomes a 16 bit rgadress pointing to its
definition, wifh the exception o?;numerjcal éonstants. As
numeripal.cénstanfs are _ndf pre-deffned, two wordsv'arék
required to- represent them: the first points to a na%elesé
~word that reads, énd causes to belskiﬁped in execution, the
second word, ‘whichAééntains the value‘ofAthe number. Also, .
gmany EXECUTE-defined wordé,p]acevin the dictionary pointers i
fo the defjhitions of other words, many of whiéﬁhcannot be
used diréctly.becauge they‘would not be useful, aéa in  some
pasés also becaOse they afe defined within the FORTH system , 1
and have no namés. , ‘» o ’;
The third case is that éf words defined by means of a - §
‘:gwords like‘CDNSTANTuand INTEGER: Here, the pointer points to
a simpTé procedure that does something wit%‘thé value or the
_address of fhe‘value’pf the word, such as placing it on the

. | ®
stack, or, in the case of assembler mnemonics, in the

»dictiohafy. There'aﬁe;many différént:types of words in this
.category, and there is also a facility to create new types

“of words 1ike this, as was done for CAMAC.

o
&
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The code stored internally in a colon definition is
called "indirect threaded code" because, instead of simple

threaded code, where a list of pointers to machine-language

subroutines 1is processed, we have pointers® to the word

definitions, each of which contains a pointer to the
Fequired machiné-]ahguage code. .The advantage of indirect

threaded code as used by FORTH is that except ‘for the few

]

,ywohdsb‘which' are defined as assembly-language procedures,

“what makes the difference between different words of the
same fype\is not thé machine codevused by the word, but the
data t%ét that machine 'qode processes. Therefore, one
pointer does the job that would otherwise‘require two: a

pointer to the program,-and a pdﬁnter to the data.
. ' ' ") .
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CHAPTER VI
CONTROL REQUIREMENTS

_6.1 Introduction

There are two ways in which the'computer can be - usefuT(-

in acceieratqr control: it can itse]f.perfbrm the task of
control, or it can assiét the person who is controlling the
accelerator. Both of these areas are addressed by - the

research covered in this thesis, with autonomous_control as

the ultimate goal, and limited control plus operator

assistance when human intervention is required as the

intermediate goal.

Also, providing operator assistance features first

makes it possible for the same capabilities to be wused in

observing the behavior of the.control program during its

~development .

6.2 Operator Servicés | |

There are many ways in which‘the“éomputer can assist
the accelerator operator. Even the simple task of displaying
machine parameters on a CRT éan be of assistance if the
display makes them more accessible, better organized, or if
the dispTay\shbws only those parameters that are cufrently
of.intereét to the operator.

Some accelerator parameters of interest, such as the
final particle—énergy se]écted by the éhalyzing magnet, cén

‘only be derived by calculation: this makes the display

35
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genuinely useful, especially when fhe alternative is using a
set of tables. |

This simple task can be extended Somewhat,'by including
schematic diagrams, or éven a simble forms ruling, in the
display. A handy means of selecting which display is
desired, without using ° the teletypewriter, i is also
~dmpor tant; yessentia14y, what is desired is a device such as
a light pen to select an alternétive ‘fromhla menu on the
screen. This same facility would be extended to ind]Qde the
othér services the computer wou]d proVide.

A written record of accelerator 6§prating conditions is
K?pt to ‘éase setting the machine for a comparable desired
beam in the future, and to monitor gradual chaﬁges in the
per formance of the acceleratof. Thé computer, having access
to most of the machine parameters, can easily ‘produce a
printed sheet on the te]etypéwritér having most.}if not all,
of the 'needed information. Also, records of machine
parameters . can be.Kept on the disk, where. the compufer cah
,retrieve,them quickly fof.the operator after searching on
the basis of the character{stics of the desired beam. This
data base could also be useful to the computer as a
reference to the computer when and if the ambitious task of
sett1ng up the accelerator by computer is attempted.

. 1he accelerator console is already prov1ded with a

~ generous comp lement of warn1ng lights and buzzers to alert
the operatob to problems. However, the computer can also

assist in this sphere, both by identifying the specific

£
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problem on' papeb or- on a, CRT display, and by detecting
unacceptable conditions that require éaiculation to detect,
.SUCH ‘as the ?beam beihg bent within the analyzing or
switching magnéts to strike the beam tubing.

}Occupyihg a. position jntermediate between operator
“assistance and .machine ~control is. changing the barticle
energy by a small amount upon request, or assisting the
'operatonngto do so. The required magnet settings and the
Mob ley RFv}evel fdr a given}energy are both "derived from
equations binyo]ying sduare roots or trfgnometric functidhs.o
When these functions are not provided’withinnthe proéramming
system used,las is the casé iﬁ the version of FORTH .used in
this work, the program to perform thése._célculations is
itself quite bulky, ‘yet, if large chahges, including large.
CumglatiVe changes, in the energy of the beam ébe bermittea,

the program for this will have to be integrated with general”’

~a

machine control.

1

6.3 Acce]érator Cdntfol. |
In hofmal operation, the accelerator system and data
collection apparatus are left runﬁing‘on a 24 Bour a day
basis.‘Safety considerations require - that at Jeast two
persdns, one of whom is experienced in machiné operatidn,
a]ways be present in the building when the accelerator is
running. As can be fmagined, this‘leads to some degfee of‘
strain upon existing hahpower Eesbunces. Even f partiai

machine control of the accelerator will not, however, permit
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relaxation o% the requirement that . two persons must be
present, because this requirement is for the ‘purpose of
ensuring that emergency services cah be notified or first
aid administered in the case of 'accidental iinjury..to an
experimenter. fhus,'a control system that can stand entirely
alone is the redﬁirement.

The prdblem of accelerator cbntrol has varyingl degrees
of complexity even whenra fu]]y,aﬁtonbmous control éystem is.
demanded. Accepting that the accejeratof has first been'béet‘
up manually, theréAaEe two main sources of the var{afion'in
possibje complexify. |

The first source is the number of different ways in
which the accelerator is used. Depending on whether a pulsed
beam iévrequiredL on the top end voltage and consequent
parficle energy, and on the level of beém éurrehf réquired,
‘contbodling,the accelerator can be easy or difficult, forl
both the cbmputer and for the humanioperator. A program
| which COUld provide unatténded operatian under most Qf' the.
circumstances under thch the machine is in use wouﬁd Stgll
be useful, even if manual control were reSdfted to on some
occasions. |
; The second source of variation in difficulty is the
degree of effﬁciency in the utilization of the accelerator'
that. is desired. Once the ability to safely shut down the
accelerator system is achieved, a program that simply shut
‘down the accelerator at} the first‘;?gn of trouplewould

allow unattended operation of a sort if . the goal of

.

\
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effiCﬁency is quite modest .

A pulsed beam is almost = . always reQUired; "~ thus
~ increasing the number of thtngs to control ahd‘increasing v
the demand on the ion source for beam current."While the
termwnal voltage 1s seldom as 1ow as two m1111on vo]ts, it
is not over. 6.5 million volts most of the t1me, thus : he~
machine is only occas1ona11y taken to its very 11m1ts - Thus,
’ accelerator Contr01 w11] ‘normally ~ho be - trivial, -but
neither will it be insuperably d1ff1cu1t . B

Perhaps the greatest difficulty is_ to insure that in no
.case, up to and 1nc]ud1ng power failure, will atastrOph1c
and expensive damage to"the accelerator take place that
could have been }preyented’ were there a human. present.
Currently, the compUter’s own disk drive.is'perhaps the
system ¢omponent mos t vu]herabte to the consequencest of a
power failure. | | | |

As far as normal operatibn is concerned, several
possiele areas of closed loop control exist which the
computer  must handle to: ensure  smooth and effective’
.operat1on of the acce]erator system

One of the most frequently adjusted controls ~is known
as the delay tune on the Mobley systemL This is the control
that.determines thehre]ationship between the phase of the
signal applied to the Mobley RF deFlectiom plates and the
signal received from the 10ns capacitative pickoff that
precedes these plates.in: the beam line. Only if this control -

is properly adjusted can ‘the beam pulses be compressed in
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time properly within the Moqiey magnet, Most .of .the> other
controls associated - with the Mobley RF eleétronics simply
managg"the business of maKing"a radiofrequency. oscillétor
work: the ofherv main exception. the RF level, has a vélue
which can be’defermined'fop'any,given beam by means of an.
equatibn*. | o o |
A ’éjmpler}. but far less important, areé of cohtrol is
" simply keeping the field in the analyzing magnet from'sloW1y‘
drifting by adjusting the anélyzjng magnet current every now
and then.}Giveh,enough time; such drift can reach into the
‘third significaht' figure}fof the particle energy, which is
not usually serious} but keeping an eye. on  this 'hélps ‘to‘
guard ‘the validﬁty of expefimenta] data. )
"‘Whén the ‘éccelefatorv is -being operated undef more
trying cirCumstéhces, the ionv‘sourCe begins to . cause
problems. The source magnét ‘current is‘often adjgsted-in
such a case: but, when it is adjusted, the source oscillator
' current must be carefully.monitobed so that it does not take
values high enough to risk damaging the ion source or the
" source osciilator.v Each . ion sourée has its‘own adjustabie
trimmer capaCitdn'which can be adjusted to reduce the need
for a h%gh source magnetisetting for a given beam intensityf
These are controls that will be among the last to be
operated by the.bomputer, évenafter hardwafe to monitor’the
source oscillator current for the‘computer is installed.

1 A Study of the Structure of the Nuclei P29 and P3', Walter
Garfield Davies, PhD Thesis, The University of Alberta,
January 1966 - . ' '
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Another fairly common control measure taken by
operators when some Kinds of beam are’~being used is to

manually Change the mode of the slit control system. This is

because at fairly high terminal “voltages, iapparentf
electrical c¢hanges at the top end are often perceived by the

generating voltmeter, thus causing an unnecessary .change .

within conditionaf, mode 'from s1it controf to generating
vo]tmeteb,Cohtro]. This is because the slit feedback system
switches from 'slit control to gehérating vo1tmeter~contro]
when in conditional mode if there is a voltage error of over
30kV, even if there is a beam going‘through the slits. Being
~able to manUally disab]e this feature when it is not needed
- for protecting against a sbdrious béam, whi]e'retaining_the
other indicétioné.for moving to generating voltmeter control

when in conditional mode, would solve this problem of

3

_unnecessary reversion to igenerating voltmeter control

without recourse to the computer.




 CHAPTER VII
HARDWARE CONFIGURATION
’ B
7.3 Introduction
'This ‘chaptern describes_the etectronic system used for
~accelerator control;'including both the computer system and

the interfaces between it and the accelerator. Figure 2 is a

: schematic'diagram of this system as a whole.

© 7.2 The Computer System
The computer system assigned to the control of the Van

de Graaff accelerator and assoc1ated beam handl1ng eqU1pment

is 'a Honeywell 316 with 16,384 16- b1t words of core memory

and a 7 megabyte d1sk dr1ve with removable med1a It has ’as

per1pherals a hlgh speed paper tape punch and reader and a

120 cps teletypewriter terminal.

7.3 The CAMAC System

A1l links between the computer and the accelerator”

_system are through CAMAC modu les 1nsta]1ed in a CAMAC system e

controlled by the computer A two- crate CAMAC system, based
on the Elliott Executive Suite, and expandable to 29 crates

is the system.usedfvln the Elliott Executive Suite, one

crate,  the system crate, contains up to four branch

Vcontrollers. each one controll1ng up to seven. crates, each

fof wh1ch must contain a standard CAMAC Type A contro]ler or

42
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”dmay. Thelsystem cratetis addresSable as though
f,;o a'fifth branch, and so ord1nary CAMAC modules

;e use of the extra space there

7.4, Consdik Electronics
The Wection of the console most easily accessible to

the operf ;r contains a- large number of double po]e

'momentary 'sw1tches. each w1th an associated pane] meter 1t

is from thesf

that must;;

'Controls a“% epping motor which, in effect, turns a Knob-"

somewhere within the accelerator system All contro]s in the

top end " are controlled . through this :system, with the

‘”stepping- motors Iocated below the base of the insulating
co]umn of the Van de Graaff connected by pu]leys around_

wh1ch an 1nsulat1ng cord is wound to the dev1ces 1n-the top

end they actual]y control. Often, \as in'the oase of the top

~end, it is not practlcal to make an e]ectr1cal connection to

the dev1ces possess1ng the parameter controlled. In such a

case, the pos1t1on of the shaft of the stepp1ng motor used

to contro] that parameter 1s mon1tored wi th a potent1ometer o

so that in such ‘cases an.1nd1cat1on of the‘Value of the

parameter the operator is controlling can exist.

. There .are many otherf meters in other parts of the -

'_'console: several of those‘are'connected directly to CAMAC

ialent thereto, through a standard CAMAC

igsw1tches_that most of the ‘mach1ne‘ parameters‘

ﬁidjusted remotely are controlled._Each-switéh

AT Tttt e BN e L e
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A/D conyerters,~Whereas Lhe panel meters in the cehtra] part

of the conSole are, as they have a digital'output connected

to »the computer through a digital muliplexer control]ed by |
_f_an espec1a11y designed CAMAC module. ' o

'Atiseveral potnts in the beam pipe, the shape of the .
.parttcle' beam can be observed electrohicalty thrbugh the

beam profi]é.monitor system. _Ahother oscilloscope in. the

console displays the signal from one of the capacitative

'p1ckoffs a55001ated w1th the Mobley system. As 'the pulse

being displayed is on ‘the order of_ either ohe or ten

nanoseconds long, a sampling osci]loscopezis used to display:

the signal in order that a slowed-down vers1on of the same

s1gna1 is ava1lable to be dtg1t1zed for ‘the computer

7.5 CAMAC Modules

The first module to be examined, . together  with
electronics in the‘contrOI conSole,’forms a system that, on

the onevhand, muliplexes. the digital outouts of the ‘dtgita]

_panel meters (and a few other devices with digital outputs)

in  the  console, = converting  them  from  BCD

(btnary coded -decimal) to true binary> and making them

avallable to the computer, and on the other hand dcdntrols

the stepptng motors - in the. system upon command from the .

computer. The computer first sends'the multiplexer'laddreSS

.of\ the devtce ,it. seeks to read or ‘control. Once this ~

address, a number from 0 to 63 is sent to the module,

subsequent CAMACr commands can read the devwce w1th that

e e b s o e o ki




address, set the direction‘-in which the: stepp1ng motor

,'assoc1ated with that dev1ce shall move, start 1t mov1ng or

vstop‘ it e from mov1ng, or even send the dev1ce a 24 b1t data:-

word . Thevlatter capabll1ty, called set po1nt control is

: only used with the Mobley magnet current at present

iFor computer control of the stepp1ng motors or any
other part of the accelerator system to take place jt must
: be enabled by a switch which can only: be operated manually

A LeCroy 22565 Waveform D1glt1zer 1s perhaps the most

'elaborate 1tem of data collection equ1pment in the computer -

control system It is capable of . rap1dly sampl1ng up to 1024=

data po1nts in an analog 51gnal, convert1ng them wwth 8 b1t

resolut1on and stor1ng their digital values in an lnternalv

memory wﬁﬂch can then be 1nterrogated by the computer at 1ts

le1sure |

This | Waveform digltizersl5~used to provide‘the”signals
from E]ther the beam prof1ler monltor or @the capac1tat1ve
p1ckoffs to  the 'computer In the case of:thg capacntat1ve
p1ckoffs, the s1gnal rece1ved by. the waveform anal zer is a
“slow vver51on of the's1gnal from the pickoffs pré%;ced by’a

‘sampl1ng osc11loscope A CAMAC module made 'in‘ thé‘ lab,

located bes1de the waveform analyzer selects betweenothese’_

two&alternatJves and provides appropriate level translatjons

and an appropriate‘.cloCKing frequemcy to the waveform
analyzer. This module alsofsends a signal, toh the waveform

_analyzer ‘to stop cont1nuous sampling and hold the data it

‘has acquired. The module sends . this - s1gnal after “having

~
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receivedﬁa CAMAQ command to dc so from the combuter: but the
signal s not sent immediately. Rather, it is sent upon
receipt-of a synchronizing pulse vfroma the beam profile
monitor . or the sampliac oscilloscope, thus providing{
accurate framing of the‘ signal stored in the waveform
analyzer for the computer. .

The most elaborate repertoire of CAMAC commands in the
syetem is that of the Kinetic Systems module controlling the
color CRT ~diSﬁlay. While this display is fundamentally a
textAdisplay, up‘tc 256 characters can be deflned dot-by-dot
by{’the "User'and adjacent'characfer zones meet wlthout gaps
both horizontally and vertigally, therefore it can be used 
to dlsplayographicé. o | |

Six colors, plus black and white, are available. Within
the space assigned to any single character, only two\colors,
‘called ‘the-foreground color and, the background color may be
present; as the name implies, characters defined in ROM
withino'the display controller are ih the foreground_colorf
upon a field of the background color. Thesertwo colors' may
be different 'for each character,”as they'are épecified in
the same 16-bit wcrditransmitted to the display controller
that seleots:a'character. |

Each line}_of characters across ' the screen also has
characteristicsithat can be individually specified. While
the  display‘controlleQ’s internal memory allows 32 lines of
} 64 characters each, the characters can be widened s0 that

only - the first 48, 32, cr 16 characters of a line are
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visible on the screen. The entire screen comprises 243

e

horizontal lines for dots; from one to sixteen such lines

may'bé assigned to any line of characters.

In the display controller, characters are defined as

" matrices that are 16 dots high and 8 dots wide. It 1is also

!

possible to éause characters to be expanded vertically, so

‘that the eight rows of- dots in the bottom half of a

character are mapped to two adjacent rows of dots each in

the displayed form of the character. This, too, is specified
for a line at a time. The line regiéter,file, which contains
the Charactefistics of each 1ine, can be disabled, in which
case all lines ‘wilT have the same chafaCteristics, thpse
specified by the first register in the line register file.
The cursor, the position where the next character to be
written ‘-on the - screen wi]l. appear unless specified
otherWise, can be.displayed on the screen as a flashing
white square if so commanded by the computer. External
signal inputs to the CRT display control]ef exist by méans
of which the cursor posftion may be shifted in each of the
four cardinal directjbné. At first, a box‘wfth‘switches, and
now a joystick, have been attached to these inputs so that
the operator.CAn communicate with the computer by moving the
cursor., The display controller also has an exterhal
interrupt input, to which a farge red pushbuttoh has been
attached, for use in issuing service rgquests to the

computer.
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CHAPTER VIII
OPERATOR INTERFACE

8.1 Introduction

This chapter is concerned with qﬁe way the wvarious

input and output facilities available to the computer are

‘used in communicating with the accelerator operator.

8.2 Computer Outputs
The most noticeable part of the person-computer
interface is the color CRT dispfay, which is normally used

to show fhe names and values of a selection of machine

parameters with a schematic diagram of the part of the .

accelerator system to which the refer.

| For this display, a character height of ‘eight rows of
dots 1is chosen, thus making the characters square and
thereby enhancing graphics‘ flexibility. Normally, a

48-character 1line 1is wused, so that these square spaces

- appear square, except when the ~amount of information to

display requires the full 64-character line.

This diagram, which is usua]]y a schematic of some or
all of the accelerator system, but- which 1is in one case
merely- a forms ruling, has the following two
characteristicé: |

1) Only a smald minority of the total characfer

positions on the screen are filled with a nonblank

character belonging to the diagram, and

SRR,
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2) The nonblank characters of the diagram tend to- be
| c]ustered in conneéted vertical and horizontal
lines. *
Thus, ‘it would be very inefficient to represent a
diagram as a étring of characters long enough to \¥i1] ‘the
screeh,~most of which are blanks. |
Repfesenting a diagram as a set of ordered 3-tuples of
thé form (X éo-ordinafe,}Y co-ordinate, character)' is more
reésonable, ) as it takes the first of the diagram
characteristics mentioned above into account, but is still
quite inefficient. This approach was used with an ear]y 
version of the console scanner. A BASIC program was written
to generate diagram description files of‘ this.-fbrm
intéracfive]y. This program acbepted such 3-tup]e$ from the v
teletypewriter, and: thénl displayed the characters as
specified on the screen while writing the 3-tuples:'in a
file. This limited facility eased the detection and
" correction of erfrors when, preparing such files.

" The current BASIC and FORTH ‘versions of the console
scanner use a different type of picture description. While -
the form of the picture description is not the same for the
two console scanners, both operate on the same principles.

This type of picture description is more complicated
than those mentioned above,, but is more compact as it takes
both of the diagram cHaractehisfics noted above into

account. It operates on the principle of representing the

diagram as a series of commands. These commands may change
. ‘ B Y

-
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the color used to draw the diagram, or indicate a cursor
position from which to draw characters as ‘well asM the
direction in which to draw future characters from there.

Commands similar}to an IF statemenf make it possible to
have the form of some parts of‘fhe diagram conditional upon
status  bits which indicate, for example, which beem line is
15 use or which beam stops are open. | .

The picture ‘descriptions defined and wused in this
manner with the FORTH scanner at present all fit w1th1n a
single 512-word disk block each, wi th space left over. Thus,
as a buffer the size of a single block is required for data

transfers to or from the disk, 1ncreased data compaction

probably will not mot1vate any future changes to the p1cture

‘\

representation. K

A BASIC-language program is used  to assist iﬁ the,
pneparat1;ﬁ of picture descr1pt10ns for the FORTH console
scannerl The picture description is accepted by the FdRTH
console scanner in the form of 16-bit words with the first,
'fiye bits'indi%atihg the type of display command, and the\»
remaining eleven Dbits coht?ining aoy data that is
applicable. The BASIC ‘program 'produces ~ the picture
description in this form from a form resembling assemb]y
language by using mnemonics for the 1nstruct1ons and data in
;he form of typed_numbers.

~ Another display that the coloreCRT is used to pheseht

is a graph of either the beam profile from the beam profile

monitor or the time profile of the pulsed beam from the
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capacitative pickoffs, as received from the waveform
'dtgitizer. This d1splay is primarily intended' for. Qse in
software testlhg, as the same information is already well
displayed by osci]]qseopes in the console.

For_this display, the characters are again chosen to‘be
eight dots wide, th they are chosén_to be tenlrbws of dots
high. The characters are divided into two parts laterally,
each half either blank or filled, starting from the base,
with from one to ten rows of dots to be lighted on‘;the
| screen. This requires the use of 121 characters in the CRT
controiler’sl Symbol Memory, as ;contrastedv with vthe‘ 64
characters used for the accelerator schematic diagrams.

The other computer 6utput facility is the

teletypewr1ter, used for pr1nt1ng output in the conventional

manner. It is used to make a printed report of beam

conditions, and the program to do this takes advantage of

the tabulator feature within the teletypewriter. This

program is. dr1ven by a table listing the 1tems to be Jisted
in the main body of the report it does so by prov1d1ng the
name of ‘the dev1ce in its long form for pr1nt1ng as well as
the un1ts, if any, of the measurement made, and a 51ngle
number which potnts to the entry aesociated'with that dev1¢e
in the device descriptioh table, used by the console scanner
'to_access'every deviee in the system. The logout program
- works from machine parameters as they are EtOred in core
'rather than re- read1ng these parameters directlyv from the

devices. Thus, it can also be used to print out old machine

e LA e e
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" conditions that have been saved on the disk.

. 4 s

‘8.3 Computer Inputs

The keyboard of the teletypewriter, used in the

conventional manner, plays an important role in allowing the

operator to communicate with the computer. Typing 1nput for

the computer, even when only the numerical keypad to the

right of the full keyboard is used, requires a large amount

of attention from the operator. Thus, Iless conventional

. means of‘ihput are used in the control system.

The - external interrupt and external icursor~contro1v'

features of the CRT dlsplay controller are used for issuing
commands to the console scanner. A button connected to the
- CRT display contboTler’s external interrupt input allows the
user to 'reQUest service during prbgram eXecutibn} As the
- start button on: the Honeywell 316 is used w1th1n BASIC and
cannot be moved to any position convenient for the operator,
it is not used for this purpose. | |

When service is requested, the cemputer may display a

menu of possible - commands ’on the screen. A joystick or

switches connected to the external cursor control inputs of.

the diéplay controller enable the user to position the
cursor to indicate which commahd‘is selected.

The fpur'senee switches on the ‘Honeywell 316 console
are accessible to user programs {from both BASIC and FORTH.

Therefore, they are used to shorten some common service

requests by allowing the wuser to set a sense switch

>
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-indicatihg fhe‘ desired service before :fssuing a service
.request to the computer. This enables. the step of séleCting
.the sefvice required from a .mehu on ‘the. screen to be
bybassed1 and by d@ing so it éan also reduce ‘the heed' for

the computer’'s disk drive to be available.

-
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CHAPTER IX
PROGRAM ORGANIZATION

9.1 Introduction

The BASIC language was used for the first version of

the console scanner, a program that senses’ the machine

parameters available to the computer and displays their

Values on the co]df CRT display. BASIC programs were also

used to test the hardwaqg components of the system aé they

-

4

accelerator cqntrol were also tested in this way.

| As FORTH provideS' performance greatly,ihtreaSed'oveh
that of BASIC, but with decreased ease of use, FORTH is used
for the current 'conso]e scanner. This current console
_scanner is the repOSitoby for the cbncepts testéd‘previOUSIy
in BASIC, and- this version of the cbnsolevSCahher has an

inherent potential for use = in  accelerator ' control.

o b _ T | . i}
Converting the console scanner to FORTH from BASIC resulted

in apprékimately a tenfold incréése in its speed, from 8 to
12 seconds to .85 seconds to scan the readings of oVer*4Q

devices when control is not attempted. It 1is the current

console -scanner written in FORTH that will be ‘described in

this chaptér.

55

were added, and concepts used in providing user services and
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9.2 The Console Scanner

At its simp]ést level, the console scannef is a program
that reads and displays the values read from a set of
devices described in a list. In_order'that each ‘deviée cah
héve a fixed reference number within the‘computer..tﬁe
device descriptidn fabTe contains the deécriptionsv of fhe
deyices in a fixed order. At the same time;'the order of

scanning.must be capable Qf being changed, thus in scanning

the various devices the console scanner uses a list of

pointers to the entries iﬁ the device description table.

The devices must have fixed reference numbers so that_

control routines can refer to more than one device, and the
order of scanning is subject to change for two reasons: so

that on the first scan, each device routine has any'iﬁitial

conditions depending on the values read from other devices

~set for it, and so that the probability of spending time on
.a 1ow-priorify control procedure before discdvéring the need
fér a higher-priority ohe is minimized. .

Each ehtry in tﬁe déviée descffption tabie has the

information needed'tb.readifrom a device,. to_‘display the

value read from it, aqp to directly control'it. Also present

is the information on what to do, either in terms of

notifying = the user or per forming control, if the value read

from that device fails’to‘satisfy cebtaih conditions, also

' déscribéd-ierQQl evice description table entry.'
Most of this information is in the form of 16-bit

binary integers) the form most effectively usable. in FORTH.

e i
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~The information on what method to use for reading a vatue

from the dev1ce what act1on to take if the va]ue is out of

range, how to dlsp]ay the va]ue. and sO on, ex1sts only as a
number 1nd1cat1ng whlch of a set of subrout1neé perform1ng}
ﬂithat"category.of action is chosen.-Other 71nformatyon, such

as device addresses, scaling factors, display-color, screen"

position for dlsplay, and limits to- acceptab]e readings from

by

the dev1ce are ”all easily represented as 16- b1t binary
numbers | |

Before scann1ng.'a diagram is drawn on the. screen and
the names' of the devices‘be1ng scanned are wr1tten there}

after each scan, a test is made for a user service request

in order to service one 1if .present. These additional

capabilities of the console scanner were dealt with in the

~ previous chapterﬂ

9.3 Acce]erator Control

The concept wh1ch 11es at the heart of the organ1zat1on’

of the control program is a very s1mp1e one:. any act1on the .

computer takes>.is the result of data received by the

computer. Thus, a link must exist connecting the device

corrent]y being read to the program that will performrg
control if that reading indicates a'need for contro]* and a
link must ex1st connect1ng that program to the deVICeS to be
manipulated to perform that control | Unt1l control ,tsr
actuallyh taking_place, links in thevother'direction_are not,

 needed.

it i LRI oy SR s e S B
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The control pEogram vmust be ready to respond very

N quickly to problems in the accelerator as they ariée,‘

However, it takes time to ;adjust fhe,'éohtrols on the

accelerator, and often much longer to see. élear]y the

results’ of such an adjustment. Since the accelerator is

already provﬁded, with various simplé~ safety “interlock

'mechahisﬁs.‘that permit it fd be safely operated under human
control, élnet reaction tfme of about 300ms is adequate,
where this timel must be sufficight fd‘détgct and'react_QO_"
.any of fhe‘more'critica] conditions that might ‘take place,

- but ‘some control activities _Can,take several seconds, or

even minutes in some cases. Therefore, it is necessary to

"hayé ,different 'processe$ ‘taking place concurnently'within'

the computer.

Cohcuhrenéy does not, of itself, require the usezlogi

interrupts, While interrupts would, - in any case, increase

the speed of'nespohse, they aré' only absolutely necessary .

when it is permitted for some‘programsAinuthe system to be

written wifhout taking concufrency'into,account..

While FORTH boseéses_‘an interrupt _Mechgnism;~ this

mechanism only allows interrupts'ffom quiescence,»not;durihg
program-execution. The latter capability, which is what

'*‘ﬁed,-is difficult to obtain due to the nature
, VN

2 tion of FORTH.

“equired speed does -not' appear to make

{ &

|

of interrupts, their use has'not been

.
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The primary problem that must be dealt with in
xlmplementing concurrency of tasks in the control procedure
uhder discussion i$ the sharing of resources. Normally, the'
term ’resources’ USedtin:this sense refers to tape- driyes; o b
line pr1nters, dlSK drlves and so on. Here however, it s
the devices in the accelerator system wh1ch are susceptlble
to adJustment by the computer which are the resources whose
‘allocation is the problem 4 |

- The d1ff1culty 1s due to the fact that _these devices

are not what are called pré empt1ble resources."This means’
el !

“that they cannot be harmlessly borrowed frOm' a task, not

RSP

rcurren&ly execut1ng but st1ll act1ve, that is to say, a task
 that will resume execut1on aga1n in,-the future, ‘that s
‘us1ng them, If two tasks seek to adjust the same device at
the same‘tlme, each task will-confuse the other, 7preventing‘
it from functioning properly : ;

Thus’ a scheme has been developed to perm1t concurrency

whlle prevent1ng such problems To ‘see ;how it works.. we

£

‘again return to the console scanner
Concurrency is allowed to permit fast response to new
~ problems in the mach1ne even when control is ,tak1ng place.

New. problemsv.are detected by»scannlng'the var ious readings

available from the accelerator system,;thus, before allowing
control - tasks to be’ concurrent with each 'other,'it is
- necessary to allow scann1ng to be concurrent w1th control

Therefore,. before test1ng to 1n1t1ate ‘a's control

, ‘procedure in response to the value read from a dev1ce the




console _scanner must ‘test to see if"that same control

borocedure[.orvanother oneuwhich is the result of having

previously read that same parameter, is already in progress.
A , ra al ‘

:If-so,'the contro] procedureratready in progress,ish resumed -

at this po1nt when the’device‘that by having an undeSirable

read1ng caused the control procedure to beg1n aga1n comes to

be scanned. - o o,

Such a scheme requ1res a complete scan cycle to elapse~

' before a suspended coritrol task can .again take over the

fcomputer - This .is usually sufficient ‘as the control task

1tse1f dec1des ‘when to allow scanntng to resume. But it is‘~'

not suff1c1ent when a control in the systemA1s‘actUalty

nhbeing adjusted. Yet, such an adjustment takes _enough time
'thatbscanningbmust somehow be allowed to cOntinue'eQen}then.

.The special measures needed to deal with thts case will :be
dealt with beTow. -

If a control task was . in progress tt'is resumed>from
‘where it left off If not, the console sCanner~ can  then

3

proceed to test . the read1ng obtained from the device this

‘timé-“lf no need for control is ‘1nd1cated by  its value,‘

scannang 51mp1y contlnues

If a ‘need for - control is’indicated the approprtateg'
contrOT routine is entered. UThis r0utine mus t begtn byﬂ

~check1ng to see if any of the devices 1t will have to adJustf

are in use by a more 1mportant rout1ne If S0, the routtne

~will have to relinqutsh ~control - to the scanner, and try a

'::.agaln next ttme if the cond1t1on pePSIStS

. -
et b At A et omi o — e
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If - all the requiredidevices are available, the control
routine must now indicate that it is using them. Also, it
must set the memohy location, called the acfiyity flag,
associated with the deVice_that héd just'béen read, so that
after- the control rout ine permits scanning to resume the
COhsole scanner will, when-thisA device is scénned again,

~ continue with ‘the\kcontrol routine. Then control can

s

~ commence. o
- . Ve

Three arrays of memory‘locations are used to allow the
protocol - described above to téke place. Each group of three )
“locations, one from éacﬁ array, is associatedtwith a 'single

‘device in the order used for entries in the device
‘description block, As this order is fixed, it is practical
for programs to refer to these locations.

The first of thege locations has already been named:
the éctivity flag. This location usuale contains a zero.
WhehA it is not zero, it indicates:a con%foi task, initiated

because of a reading from the device with which it is
associated, is in brbgress. making it possible for that
control task. to be resumed. :

The second location is called the device pﬁe;emptibn
flag. While the activity flag is associated with the device
whose reading started a confrol procédure, the de&ice
pre-embtion flag is éssociated with the devices édjusted by
a control procedure. It {s zero when a device is not in use.
~When a device is in use, this flag indicates which routine

'is using that device by being the number, plus one, -of -the
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activity flag of that control hrocedure. It’may also be a
negetive number, in which céee its absolute value has the
eame meahing as before, but its sign 1nd1cates that the
device is not currently 1n use. but w111 be ‘ﬁed 1ater by
the control procedure that has marked it.

The third such‘locetion is the priority number. This
indicates - one aspect -Qf the importance of a control task:
how serious it is tO'stop that task frem execgting so that
another control task can execute. The'prierity number of a
control task has the same positton in the array of priority
numbers as the activity’flég of that task has in its array;
thus, only one copy of the pr1or1ty number need ex1st ‘The
'w1111ngness of a new task to pre-empt other tasks is the
complementary facet of the importance of a task, and this
quanttty. is within the program text of the control
brocedure. |

Two other locations, similar to the previous three,
also exist. These are required for more invol?edy
interactions between tasks.

The first of these is called the Mai]boxt Through it
messages are sent to control activities by other control
activities. These locations -are associated with the control
task  that is the intended recipient of the mesSage in the
same way as that task’s activity flag. In this way, av
control jprocedure that - -has been pre-empted by another
procedufe can detect that without examining the device

phe-emptiOn flags of the devices it uses. Also, a more
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detailed Message in the mailbox can, for example, tell such
a task how much time it has to terminate in an orderly
fashion.

The second location 1is the future device pﬁe—émption
flag. When ; sophisticated cohtro] procedure has determined
that another routine is going to use, but is not actually
using, an adjustable device that it wants, makes use of that
device without pre-empting the earlier procedure,\then a
third control routine seeking to use the same device must
examfne the priorities both of the current user of the
device and tﬁe contro].proceduFe ‘that intends to wuse it
later‘before attempting pre-emption. Thus, the future device
pre-emption flag, usually zerb, contains the‘absolu?e va lue
of the negative number formér]y contained in the device
pre-emption flag when a current and future “user of the
device are both.present.

Often, control activities have the form, or some subset
of the\form: | | |

set A by varying B
and méximize (or mfnimize) X [,Y,2...]
" by Qarying P [,Q,R,S,T...]

This general form has several conséduénces.

B ande sometimes refer to the same device. If they do
not, after]B is adjusted, possiply by a fairly large step if
thé requiréd setting can be der ived by calculation, there’
must be a iong wait for the machine to settle before reading

A.
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" Normally, B should not belong to fhe class P,Q,R,S,T.
For example, if the computer is told to. éhange the energy
subject to maintaining the best possible quality qf,beam,'it
is not intended 'to gmprove the quality of the Beam by
céusing the accelerator to operaté af a lower enérgy than
the one fequested. In this'connection, however, the'computer
should reject any requested change that is not feasible:
with,~pérhaps, a paésword a]]owing-experienced personnel to
override the»objéctions_of_the computer., |

| When the beam} current is to be increased, a more
intefesting case exists. ‘Until other Settings are adjusted
" for the maximum current on the targét, tHé current resulting:
from a given SOUFCeAmagnet settihg‘is'ﬁot known. While = the
source magﬁet changes fhe beam Cﬁrrent, the goal is to
obtain a given current with the Jlowest possible source
magnet settjng.A
An additiohal use for the mailbox is suggestéd by the
gontrol activities discussed above. It must be possible to
ask a major control activity, such as changing thé energy,
to slow down until other control activities have deé1t with
the consequences of vtts actions, and, in furn, a major
control activity méy need to be able to request forbearance
.. on the part of other control activities. Eventually, it may
be necessary»fo use’mofe than one word in the computer’s
memory for the matlbox,‘but this does not yet appear to be
required. |

‘When a device is actually undergoing adjustment, the

gy =
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~computer must be able to stop stepping motor activity within

a fraction. of a second. For this, resuming a control
activity every scan is not fast ehoughf yét ‘the adjustment
takes too much time to_stop scanning during it.

Therefore, when a control task is actually per forming

'an‘adjustment; it will be reSumed after each device in “the

$can is read. No hattér. how - frequently it is chosen to
attend to akstepping motor in motibn, a problem arises Qhen
two are in ﬁotion at once. | | |
If it .is decided that once a stepping moto; éomes

within a certain time, T, of reaching thé‘ desired sétting,
scanning 'ddeé néf resume, but instead the controi routine
waits and stops the motor when ‘the - desired .setting' is’
reached; ‘then . such waiting may require a time greater than
T yet,'to;be sure of stopping the other motor at the right

time, the computer must check its poSition more often than

~every time T.

Fortunate]y;‘there are many ways around the problem. T
could be‘chosen to be small enough that it is notfnéééssary
to wait once a mofbr is .within time T  of the ‘desired
setting, since the métion within time T is tolerable as an

inac¢uracy in the final setting. Or, once the motor is close

" to the desired setfing,‘it can then be stopped, and moved to

the final setting in a series of short moves which only take

place while the program adjusting that motor is executing.

Another option is simply to stop all motors but one if. more

than one motor is within 2T or so of its desired setting.

- ' i
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CHAPTER X
CONCLUSIONS |

10.1 Introduction

| SoftWare, devélopmeht efforts aimed at cometer contro]
oF!the 7.5 MeV Van déGfaaff facility at ‘the University of"
‘Alberta Nuclear Research Centép have s%oppedﬁjuSt short of
‘actual‘accelerator control. In the course of these efforts,

the operation of the accelerator, operating practices in its

use, and alternative programming techniques;weré.examined.

| 10.2 Programming Languages
Three.language systehs are\_convénientiy avai]ab]e at
present for use in accélerafor control. The first two, BASIC
and FORTH:?have\been disc@sed previously in fhis thesis, The
third is FORTRAN, from which CAMAC is also available by
means of CAMAC driver subroutinés written to conform to a
published standard!'. |
r‘A]SO> potentially available for use with the present
'cBntfol‘computer.is thé C languagé devised originally by
'Bell Laboratories. An effort, reported in a Progress Report

from this laboratory?, to produce a BASIC compiler had been

redirected towards the produétion of a C compiler, which

- e - e

1Subrout ines for. CAMACh Prepared by the U.S. NIM Committee
and the ESONE Committee of European Laboratories, U.S.
Department of Energy Assistant Secretary of the
Environmental Division of Biomedical and Environmental

- Research publication DOE/EV-0016 UC-37, June 1978. ,

" 2Progress Report,” 1973, pp..92-94, Nuc lear Research Center,
University of Alberta Department of Physics.

66 R
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exists in completed form.

BASIC and FORTH have been compared above: BASIC ‘is
easier to learn ‘and use, and offers fully the usual
éénveniences of an interbretive implementation, but is slow-
in execution, whilé,FORTH is‘mohe'aifficult to use, offers:
\only part of the conQeniénce' normally associated with
interpheters;. but is much faster in execution speed thén.

- BASIC. | | B

FDRTRAN;offers speed comparable with that of FORTH, but
lacks entirely ~thé features of interpreters ‘that‘spéed.‘
"turnaround"'tﬁhe in 'debugging. ‘The- grea{ advéntage of
FORTRAN,' however, is its fami]iarity 1o ekisting.personnel,,
both programmers and ena uséfs. AS ‘the subroutines called
imp]icitly by-FORTRAN pfograms for input-output conversibn,'
sﬁbroutihe‘parameter passing, and floafing-point arithmetic
are not written. in re-entrant code in this implementation of

=FORTRANf it is at least as difficult to implemént “true
interrupts in FORTRAN as in FORTH. .

| It is expected that bhogramming efforts to'contrbl the
accelekator by combutér Will continue over severa1 years,

including responses  to minog “»hardware' ‘Chénges, and !
maintenance of the control softwére. Thus, the,advantége of

famiJiarjty offered by FORTRAN seems .tb_ outweigh ' the

advantages of FORTH for future develobments.
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10.3 Operational Reliability \
Unattended automatic operation of the accelerator
-system blaces greét deménds oh fhe rfe]fablility of the
hardware and soffware'system’used.'Céhkthese demahds be met,
-and what méasurés}ére required -to meet thém? o
The rveabiTity of fhe computer, its periphera]é; and
the CAMAC ihterface $ystem hés only been féir'%n experience
. so far. Sdmé of the fai}yres that}~hav¢ ‘beeh :enCountehéd
could have had 'serious detrimental effects on accelerator
chfrol; in this categéry, were,‘ for example, single bit
failures on‘,the CAMAC'bus. Other failures, phimari]y those
of the computer and .the disk, tend to ;sﬁow up when the
combuter system is poWered on, and thu$ pose less danger.
The least reliab}e component has }been‘ %he 1200  baud
feleprinter, but this is also the least critical component
and can be dujckly replaced even while the “computer is fn.

.'

operation.

At Tleast twd.probléﬁs remain even if"perfect hardware
reliability can be taken for granted. The first Eproblém is
that of producing software that is free of errors ahdAablg
fb cope with any problgm thatrmay arise fn the maccelerétor
system. The second ié a more straightfopwahd problem, that -
of catastrophic conditions ‘which - interfere with computer
operation; |

The probiem of producing error-free codé iEJ of course,
one‘ of thé\‘perennial problems"of thé dafa-processing

industry. Various approaches. to this problem have been
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proposed, many Qf whiCh contain the concept of buiiding
programs out of small eaSily understandable parts. |

The problem of making the computer able to cope with
all pOSSible difficulties With the aceelerator ‘hasrone
"we]1~Knowh- solution: " rather thanﬂ fruitlessly trying to d
venumerate' all pOSSible problems that may arise one makes a
p031tqm§ test that indicates that the system is, or is not;
operating properly, followed by an attempt, which‘may safeiy ‘
fail, to find the particular problem. If that attempt does
fail, the system is;simpiy shut down until human assistance -
arrives. | |

It is not yet. clear how such an aperoach may be
-adeduately implemented. fhe.presence of beam on tabdet, for
eiampie, is not satisfactofyvasva positive test as seribue
problems can take place that do not'disturb the'beam, such
aevexeessive 50urce oscillator current, and absence of beam,
even -if the cause is not identified does not always
indicate a serious problem; many temporary disturbances in
the beam are self- correcting and do not requ1re the control
program s attention . | |

The problem of power failure and similar disruptions is
less complicated, but is intractable. A potential for
expensive‘damage'to the acceierator system is added that did
not exist before. Improvements in the accelerator system,
such ae changes in the vacuum pumps used, make this - less
serious than before, but the 'cbmputer has no means of

reacting to a power failure. Even a power-fail interrupt
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would not be adequate, as the machine cannot be shut down in

a few milliseconds. An uninterhuptible~power source system

for the computer and console electronics seems to be, at the

least, very desirable.

10.4 Hardware Extensions
In order that the 'program performing accelerator
control can be large enough or involyed :enOUQh to perform

that duty as’ desiredj it' may be considered desirable to

~expand the computer system used for-accelerafor control.

There are two ways to divide the posSible alternatives
ih}o fwb halYes;} oZev can use a bigger computer, or. more
computers; thewéametkfﬁd‘of qompUter, or a different Kihddef
computer . | | |

. Using; ia bigger computer of the same Kkind ’is:
straighfforwafd, and presents no unusual problems. However,

the alternatives in this direction are limited, as computers

“with the architecture of the Honeywell 316 minicomputer are

no Jonger being manufactUred;‘The purchase of a used‘model
516 or 716 computer is poseible; or the memory of the‘
ex1st1ng computer could éi expanded. Both approaches suffer
from a pr1ce/performance def1c1ency compared to the use of
mo;e current technology, and memory expanglon of the 16m
Kword 316 comdﬁter will st111 require program conversion ' to
some‘extent, due to the natdre of 316 addressing.

‘The Iobvidus deaqgantage of using a larger computer of
a different kind is the’} r’v;ecviuir‘ement r ‘program conversion

ey
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or redevelopment. Thevmachtne-independent vnature.vof: CAMAC .
removes mos t Cof theA interfacing problems that such a
dec1s1on would otherwise br1ng, and many commercial systems:
of hardware and software for ut1]1z1ng CAMAC are ava1lab1e
However, as there are no other uses envlsaged‘ for’ the
' Honeywell 316 computer'fthah that of accelerator control,
buylng a larger computer Would probably be part of a .fmore
computers” a]ternat1ve, thus altow1ng continued use of the
existing CAMAC drivers, and so on. | | o

When ‘the use of more than one computer for acceleretor~
control is considered, the "question of how the task of
accelerator control is to'bel divided'-among the computers
used is raisedt | |
| Whether the additional computers are the same as, or
different from, the computer currently bewng used ts lees
important in this case, but there is still an advantage to
‘Keeping the number of ~ incompatible architectUres .tn’ the
system to a minimum. In practice, it may well be found that
additional computers of both the same and different types
will be added. | N

A Honeywell 316 computer presently in use at the
Tri-University Meson Facility (TRIUMF) is scheduled to be
returned"to the Nuclear Research Centervin"about a‘year; SO
far;veccelerator cohtr01 15 the only app]icationrithat has "
suggested itself -for that computer. ThiS»computer has 32
'Kwords of memory, and a CAMAC 1nterface of the same type as

that of the present 316 computer, but it has only a magnetlc
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tape drive instead of a disk. Also, it has an extra

teletypewriter port, for which software exists to drive - a

graphics termﬁnal. -
As for additional computers of a different kind, this

_a]ternat1ve may well be taken almost 1nadvertent1y /as"more

and more CAMAC modules come to 1nc1ude m1croprocessors ‘to
enhanCe their power and flexibility. Also, . using " a
microprocessor-based 1ntell1gent crate or branch contro]]er

offers a method of add1ng computer power to the system that

is both conven1ent and pa1n1ess, in that no new 1nterfaces

need to be sought,  either - computer—to-computer or

'computer to-CAMAC. Clearly, the question of how to part1t1on

duties among the computers ’in the_ system " is profoundly

affected by thelr re]at1ve sizes.

trol system

~What are ‘the different dut1es in tﬁﬁgc””

that 1end~themselvesgto being partitioned? To answer: this
_question, one can start by‘preparing'a list of the’functTOns

~in the sgg?em that appear to be d1st1nct

Dperat1ng the color dlsp]ay

Generating printed reports of beamvconditions

Recording machine conditions on the disk

Conversing with the machine,operator

Reading accelerator parameters

Adjusting accelerator coptrols -

Anaiyzing waveforms  from ,:the waveform analyzer
return1ng a few characterlstlcs of the waveform

Mach1ne control itself: dec1d1ng ‘when, if, and what to
. Q <
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o ”do to the accelerator
.Once the - d1fferent duties in ‘the accelerator contro] system
have, been,l1sted in such a way, . the next step is to look at |
the restrtctjons present whenhallocatlng them to different
’computers | | '
Y fundamental restr1ct1on is that add1ng a new computer
to the system and ass1gn1ng a task tovxt ‘must decrease the
"load on the other computers: This wil]lnot be trueitf, for
v'-example,'afcomputer spends more time conversing _withb the
computer performino' a tasK'}than it would doing that task -
itself, or if the program to converse w1th the new computer
‘takes up more storage. than the program to do the task 1tself’
wou id takef'Even:1n such a s1tuatton, an extra compute:‘gx
‘cou1d»be'usefu]'tf there was an excess of time but a lack of
memory space, or the reverse, prov1ded the -more:‘plentifu]4

resource 1s the one wasted

Other restr1ct1ons__ may stem from 'the' particular
hardware and software systems 1ntended to be used. Several

S restr1ct1ons Q«present themse 1ves in the case of the

a teletypewr1ter must be connected to the same computer
| that 1s connected to the di sk drive, whlch may or.
may not be the conputer with 32 Kwords of memory,
- no more than ‘one teletypewr1ter may ‘be connected to the ,
system, | dUe to space 11m1tat1ons (an extra
teletypewr1ter 1s ava11abhe, .and one could be used"‘

- for 1oad1ng the-system. wh11e~another-1s used for
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-access.

7

, conversat1ons w1th the operator) ,
Any m1crocomputers 'in the system W1ll probably be
) "connected for 1nput output only through CAMAC ‘and
w1ll control some crate space themselves subJect

to belng bypassed by the parent computer wh1ch
would be the 316 unless, a multi-level hierarcy.

| ‘were'implemented : N
SubJect to these constra1nts, and recogn121ng that ‘ther

d1v1s1on of the control program 1nto parts g1ven above is

- based upon what seems conceptuaP%y separate to humans, and

perhaps not what is easily separated within a computer, what
can be sa1d ‘about how an eXtendedl‘multi?computer} syStem ‘
m1ght be used7 R _.é ‘ o ». Ul

Connect1ng 'both computegi’rtO' CAMAC through"thetr-r

exast1ng 1nterfaces wlll mean, that ior each computer 'there

‘-‘w1ll be at least one crate that only the other computer can

&y
At present the two crates in the system ar%, almost
fllled with modules if a third. crate were added one

=
attractive way to partition the system is to have “the ‘dlsk

and teletYPeWriter7 conneCted, to the comPUterf'that,alSO

'controls the color d1splay controller and 'perhaps a few

other modules in the single crate which it manages In thlS"°

-way, all convers1ons to and from human readable form are
performed by one computer ‘} | |
~ Unless - the high- level decision making for Amachine;“

"control 1s very complex, as 1t may welh!become in t1me, 7the :
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task of analyzing wagsforms.will broduce the largest si:§dev

computational load in the system. The computer, which weuld

be a. larger computer, and thus one of the Honeywell 316s,

doing this should be directly interfaced to the waveform

~analyzer, but not to many other devices. While actions

involving the disk and'teletypewriter'ére initiated from the

console, the'coior display is nérmally being constantly
updaied. fhus. one is tempted to consider using a
nﬁtrocomputer to deal with the color display, bute this ~ is
l1kely to involve a requ1rement for yet another crate
‘Unlike other control :dut1es, maintaining the color
display is not 2;itical and more t1me per device will be

requifed to determ1ne the need for control and so on once a

‘cons1derable amount of control 1s implemented.

. One questwn that ha§ not been dealt with is how - the

two Honeywell 316 minicomputers are to be connected.

Presumably extra teletypewriter interfaces are simple

b

enough, but it is necessary for the computer with the disk

ito be able to download the other computer As the computer.

- connected to the same computer. .

'w1thout the dlSK has a magnetic tape drive, it can be loaded
with a simple mon1to§ program that would allow it to accept
| programeylénd control COmmands‘t;rough the connection .to the
other camputer. This would not be excessively difficult even
»wifh'bapef tape, if the magnetic tape unit and .the disk were

|

S1nce the two m1n1computers are compattble w1th -each

‘other, - it .is des1rable to allow use of as much standard
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Honeywe 11 systéms software as possﬁble on both computers.
This does not preveht the use‘-of two diffeﬁent landuage
systemé on the' two computers, but it tends to narrow the
choice.of possible ways to interface them: for rexample,;
while BOS, the Honeywéll Batch Operating System, will accept )

object input from an ordinary teletypewriter (expecting it

to be paper tape ASR), it requires a disk to operate, and

thus cannot be resident in bo{h..computersﬁ However, there
are other Honeywell 'opérating systems which have the same
object format, and thus the non-disk ;omputer'méy be running
under tﬁé same system here as it is running under in its
present Eole at TRIUMF in Vancouver.. |
While it would be premature to predict the exact shape
of a future, 'expanded,~ system at this time, a possible

configuration has been visualized: two computers of the same

| general type, one with 16 Kwords of memory, taking care of

Communicating with the operator both in print and on the

‘display,; supeqvisihg the entire'computer system, and using

the disk drive both to save4data and load the system, and

another computeﬁ’ with 32 Kwords of memory, controlling a

two-crate CAMAC system and performing most of ‘the duties

involved in accelerator control.:

e

s
y #0C
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Appendix 1 |
FORTH Control System Source Code

This appendix contains the source code of the console

" scanner program as written in FORTH. The disk blocks are

numbered'both in decimal and in octal. Blocké }Below 128
(decima])i are not ‘part _of the cdnsole scanner, but are
included for reference’ qupOses as they provide . the
environment in which the console scanner was written,
inc1udihg‘the CAMAC chmands'it uses.

The sequence of FORTH commands

6 LOAD 7 LOAD DECIMAL 500 LOAD
is used to load the console(sbanhérvand thé subroutineé it
calls affer FORTH itself has been loaded. To run thé console
scanner} the cémmands | |

AINIT SCANNER

-

<

,, are Fequired, after whiéh the computer wi]l'prompt‘ for the

replies to one or two questions, thé numerical replies tov
which are terminated by a carriage return rather than a
Control-D. * | o :

Only the blocks from block_BOQ onwards, which have been

specificaily developed . for . accelerator: control, are

documented fully to explain their structure and useﬂjThg

»callingwsequences'of routines inibloCKs below block 128 are

given in -some cases when they are refé?enced‘after‘blockv

0. e L
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'BLOCK NUMBER 5 DECIMAL 5 OCTAL

120 LOAD 121 LOAD 123 LOAD 122 LOAD 113 LOAD 124 LOAD .
- 126 LUAD 'S , :
‘ﬁ
5 /
BLUCK NUMBER 6 DECIMAL 6 OCTAL

11 LOAD 12 LOAD 13 LOAD 14 LOAD 15 LOAD 16 LOAD 17 LOAD
20 LOAD 21 LOAD 22 LOAD 23 LOAD 24 LOAD 25 LOAD 127 LOAD

0 INTEGER BLK

. LINE .1 - 17 MIN 40. = BLK ‘@ BGDCK@ + ;
L LIST BLK = 21 1 DO "f

CR I LINE 2= 100 TYPE I . LOOP CR ;
» FLUSH BUFFER BUFFER ; .

: BREAD BUF @ SWAP BUF = SWAP READ DROP BUF = ;

: BWRITE BUF @ SWAP BUF = SWAP WRITE BUF = ;

: BR4 26000 BRSC: . BRO 0 BRSC , . .
SECTOR 1000 HERE 1000 MOD - SWAP OVER > * DP +=

36 CONSTANT EDIT ' o

: DISCARD : )




: : ' P ‘ : ‘
BLOCK NUMBER - 7 DECIMAL 7 OCTAL

120 LOAD 121 LOAD 123 LOAD ;S

' -
BLOCK NUMBER -8 DECIMAL 10 OCTAL

11 LOAD 12 LOAD 13 LOAD 14 LOAD 15 LOAD %6 LOAD 17 LOAD
20 LOAD 21 LOAD 22 LOAD 23 LOAD 24 LOAD 25 LOAD 26 LOAD

- 0 INTEGER BLK

. LINE 1 - -i7 MIN 40 =* BLK @ BLOCK + D
.. LIST BLK = 21 1 DO : :

. CR I LINE 2 x 100 TYPE I . LOOP CR ;
FLUSH BUFFER BUFFER ;

. BREAD BUF © SWAP BUF = SWAP READ DROP- BUF = :

: BWRITE BUF @ SWAP BUF = SWAP WRITE BUF = ;

. BR4 26000 BRSC ; : BRO 0 BRSC ; , -
: SECTOR 1000 HERE 1000 MOD - SWAP OVER > * DP += ;
36 CONSTANT EDIT N

: DISCARD  ; .5
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BLOCK NUMBER 9 DECIMAL 11 OCTAL

4000 MR LDA, 10000 MR STA, 26000 MR IMA, 141340 CPU ICA,
14000 MR'ADD, 16000 MR- SUB 12000 MR ERA 6000 MR ANA,
2000 MR JMP, 20000 MR JST, 22000 MR CAS, 24000 MR IRS,
140024 CPU CHS, 140100 cPU Ssp, 140500 CPU SSM,

140040 CPU CRA, 140401 CPU CMA 140407 CPU TCA.
141206 CPU AOA, 141216 CPU ACA. 140320 CPU CSA, .
34000 MR MPY, 36000 MR DIV, 72000 MR LDX, 32000 MR STX,

201 CPU 1AB, 401 CPU ENB, 1001 CPU INH, 11 CPU DX}A,

101001 CPU SSC, 101040 CPU SNZ, 101400 CPU SMI,
100001 CPU SRC, 100040 CPU SZE, 100400 CPU SPL,
101100 CPU SLN, 100100 CPU SLZ, 101000 -CPU"NOP,
SP 0) CONSTANT S) 0O CONSTANT O 1 CONSTANT 1 13 CPU EXA,
. CODE + . S) LDA, SP IRS, ~S) ADD, PUT .
1) 40000 + ; : E) 40000 + ; '
:'S  CONSTANT ;CODE 4 1) LDA, . S) SuB, COMMA
I/0 . CONSTANT ;CODE  S) LDA, 4 1) ADD, - COMMA - ;S .
BLOCK NUMBER 14 DECIMAL 12 OCTAL

30000 I/0 OCP, 70000 1/0 SKS, 130000 I/O INA,

170000 1/0 OTA, ~ ‘ S " ' .
41500 S LGL, 40500 S LGR, 41100 S LLL, ~ 40100 S LRL,
41600 S ALS, 40600 S ARS, 41200 S LLS, 40200 S LRS,
41700 S ALR, 40700 S ARR, 41300 -S LLR, 40300 S LRR,
CODE - SP LDX, 1 1) LDA; 0 0) SUB, . BINARY ;
CODE XOR S) LDA, SP IRS, S) ERA, PUT . . ,
CODE AND S) LDA, SP IRS, S) ANA, = PUT ‘

- CODE OVER  SP LDX, 1 1) LDA, - PUSH .

CODE SWAP  SP LDX, 0 1).LDA, - 1 1) IMA, PUT _
CODE ROT SP. LDX, 2 1) LDA,; O 1) IMA, 1 1) IMA, 2 1) STA,.

. NEXT CODE  DUP S) LDA, PUSH
: CODE(@_ S) LDX, 0 0) LDA, PUT = .
.CODE = S) LDX, ~SP IRS, S) LDA, 0 0) STA, - POP

" CODE += - S) LDX, SP IRS, §) LDA, 0 1) ADD, 0 1) STA, POP

CODE 1+= S) LDX“’U'1) IRS POP POP
CODE DROP .POP - : HERE DP @ v 'S
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BLOCK NUMBER 11 DECIMAL 13 OCTAL

CODE SS1 CRA, 101020 , AOA, PUSH
CODE SS2 CRA, 101010 , AOA, PUSH
'CODE SS3 CRA, 101004 , AOA, PUSH

' CODE $S4 CRA, 101002 , ADA, PUSH

LDB, DA,  1AB, : T, sTB,  IAB,  STA,

:UADM ’ DUP  ADD, STA, G
: -IRS, ‘DUP  LDA, ONE SUB, STA,
: IF, HERE 3000 , ; c ‘
: THEN, HERE 777 AND  SWAP  += ;-
: ELSE, IF, SWAP  THEN, ; ‘

Co BEGIN HERE ;
100000 cPU NOT= 2000 MR END,

&

, CODE CODE HERE-1 - += ' :
CODE 2DEEP SP LDX, 0 1) LDA; 2 1) IMA, 1 1) IMA, O 1) STA,
NEXT - SP 1 + CONSTANT RP DP 3 + CONSTANT LAST '
: OP 2 + CONSTANT DELIM 'S

BLOCK NUMBER . 12 DECIMAL ‘14\OCTAL'

: INTEGER CONSTANT ;CODE 0 LDA, ONE 3 + ADD, PUSH

: SET SWAP CONSTANT , ;CODE  4-1) LDA, 5 1) 0) STA,
NEXT 10 BASE SET OCTAL 12 BASE SET DECIMAL .
20 BASE SET HEXADECIMAL &EXECUTE OCT OCTAL ; ‘
EXECUTE DEC DECIMAL ; OBOE MINUS S) LDA, TCA, PUT =

CODE ABS .S) LDA,- SPL, TCA, PUT '
CODE =/ SP LDX, 1 1) LDA, 2 1) MPY,vO 1) DIV, BINARY.
. CODE /MoOD - SP_LDX, t 1) LDA, -~ 17 LRS, 0 1) DIV,
' ' 11) STB IAB, PUT ,
Dox 1%/ 2/ /MOD SWAP DROP ; : MOD. /MOD DROP ;

CODE MAX  SP LDX, 0 .) LDA, 1 1) CAS, - BINARY POP POP
CODE MIN SP LDX, O 1)'uDA, 1 1) CAS, POP POP BINARY
- CODE MOVE - SP LDX, BEGIN, ~ 2 1) 0) LDA, -1 1) 0) STA,

2 1) IRS, 1t 1) IRS, 0 1) IRS, END, SP IRS, POP.
'S ‘
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BLOCK NUMBER 13 DECIMAL - 15 DCTAL

.1 ,CODE SIGN- O , S) LDA, 4 E) STA NEXT

0 INTEGER -DEPOSIT DEPOSIT OP LDA; ONE ‘1 + SUB, OP° STA
N IRS, -DEPQOSIT . .0) JMP, O INTEGER F 55 , 240

.60 , 261 , 262 , 63 , 264 , 65 , 66" 267 270 , 71 ,

101, 102, 303 , 104 , 305 , 306 , -

CODE CONVERT SP LDA, ONE 1 + SUB, 1 LGL, OP STA, CRA, N STA '
S) LDA, SP IRS, BEGIN, 17 LRS, BASE DIV, N 1 + STA, S) LDA,
" BEGIN, IAB, BASE DIV, S) STA, 20 LLL, O STA, F- 3 + 1) LDA,
-DEPOSIT ST, N 1+ LDA, SZE. SWAP END, S) LDA, SZE, END,

/ SIGN LDA, SMI, IF, F 1 + LDA, -DEPQSIT UST, THEN, BEGIN,

N LDA, .F SUB 5M1 IF F 2 + LDA, -DEPOSIT JST, SWAP END,
THEN, OP LDA, AOA, S) STA, N LDA, PUSH )

CODE NOSIGN S) LDA, CSA, S) STA, CRA, ACA, ' SIGN STA, NEXT

. SIGN ABS O CONVERT TYPE ; : .. NOSIGN CONVERT TYPE ;
? e . ;v . 38 , o . ' :
BLOCK NUMBER 14 DECIMAL 16 OCTAL

: COMPILE 'HERE 2 + CPU HERE 1+ , ; - .
 COMPILE ELSE IC 0) LDA, IC ADM,  NEXT s
COMPILE IF S) LDA, SZE, IF, IC 0) LDA, IC ADM, POP:
" THEN,  IC°IRS, POP . e
COMPILE END S) LDA, SZE, IF, IC IRS, POP THEN, IC 0) LDA,
~IC ADM, POP RS
'EXECUTE IF  IF HERE DUP MINUS , ; v

EXECUTE THEN  MERE SWAP += ;

EXECUTE ELSE ~ ELSE HERE DUP MINUS , SWAP THEN ;
" EXECUTE BEGIN HERE - | -

'EXECUTE .END END HERE - , ;

COMPILE DO  RP LDA, QNE ‘WA SUB, RP STA, 0 STA,
Ts) oA, 001, _STA, € @ 1R§g S) LDA, 1 1) STA,  POP
'S ' b

e
*3




. BLOCK NUMBER 15 DECIMAL = 17 OCTAL

EXECUTE DO DO HERE
CODE I. RP 0) LDA, PUSH
CODE J RP LDX, 2 1) LDA, PUSH
CODE K RP LDX, 4 1) LDA, PUSH : o .
CODE 0= CRA 5) CAS, PUT AOA PUT CODE 0< S) LDA, 17 LGR,
putr < - 0< : > - SWAP < ‘ ‘
COMPILE LOOP  RP LDX,.- 0 1) LDA, ADA, 0 1) STA,
1 1) SUB, HERE L ‘ ' :
SMI, ' IF, IC 0) LDA, - IC ADM, NEXT -
. THEN,IC IRS, RP IRS, ~ RP IRS, NEXT-.
COMPILE +LQOP - RP LDX, - S} LDA, 0 1) ADM,
1 1) suB, S) ERA, SP IRS, JMP, ’
EXECUTE LO0P LOOP HERE - v
EXECUTE +L0O0OP = +LOOP HERE - ,

'S
BLOCK-NUMBER 16 DECIMAL 20 QCTAL »
: WCH .400 XOR SP @ 1 + COUNT TYPE DROP.; : BL 240 WCH ;
1215 INTEGER CRLF 5000 , - .+ CR ~ CRLF COUNT TYPE ;

: DUMP 7 F = SWAP 77770 AND DO CRCR I . I 10+ I DO 1 @
DUP 0< .. LOOP 10 +LOOP O F = CR | : :
: WHERE LAST @ COUNT 3 MIN TYPE ;

DP 1 + CONSTANT CNTXT - |

EXECUTE ( 251 DELIM = WORD ;

: VOCABULARY CNTXT e 2 - CONSTANT CODE 0 LDA, ONg 3 + ADD,
CNTXT STA, NEXT .

: ST DELIM = 'WORD HERE DUP COUNT 2 / 1.+ DP_+= DROP
CONSTANT ; - - . @ # 243 ST+

'S |
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'BLOCK-NUMBER 17 DECIMAL

CODE OCIR S) LDA, BEGIN, 40 OTA,
CODE 1CIR S) LDA, BEGIN, 540 OTA,
CODE 2CIR .S) LDA, BEGIN, 640 0TA,
CODE . 3CIR S) LDA, BEGIN, 740 OTA,
CODE ?CIR BEGIN, 1440 INA END, 10-

SP IMA, S) STA CRA, 10 LLL P

,CODE /CNA~ CRA, IAB S) LDA, 4 LRL
- SP IRS S ) LDA, 2 LRL, I

21 OCTAL
END, POP

END, POP

END, POP

END, POP

LRL SP IMA ONE SUB

USH

i CODE BRSC S) LDA, BEGIN 41 OTA, END, POP '
5P IRS, S) LDA, 5 LRL,

AB PUT

.HERE,37F. CODE FCNA S) LDA SP IRS ANA S) ADD
: /NCNA /CNA CONSTANT ; : CAMOP FCNA CONSTANT

CODE ?QV CRA, 1140  SKS, AOA, PUSH

HERE 1 + CODE 905_1140 SKS, NEXT LDA, ABORT
HERE 1 + CODE ?QR 1040'SKS,'NEXT LDA, ABORT
oS - T ' S -

' BLOCK. NUMBER 18 DECIMAL

: /CYC CAMOP CODE 4 1) LDA, BEGIN, 240 OTA END, BEGIN

1340 SKS, END, NEXT

: /R1 CAMOP CODE 4 1) LDA, BEGIN, 240 DTA, END, SP LDA
ONE SUB, SP STA BEGIN, 1340 SKS, END BEGIN

'S) STA, NEXT

92 OCTAL

86

1640 INA, END_w

: /RTA CAMOP 0 , ;CODE 4 1) LDA, BEGIN 240 OTA, END, BEGIN

1340 SKS, END, BEGIN 1640 INA, END, 5 1) STA, NEXT
RALE CAMOP CODE S) LDA, BEGIN 340 OTA, END, 4 1) LDA,

' BEGIN 240 OTA "END, SP IRS BEGIN

: /W1A CAMOP 0 ) CODE 5 1) LDA, BEGIN 340 OTA END

4 1) LDA, BEGIN, 240 OTA, END, BEG

CODE-/IR S) LDA, BEGIN, 240 OTA END, BEGIN

- END, BEGIN 1640 INA, END PUT |
'S

’
?

“1340 SKS, END, NEXT

IN. 1340 SKS. END. NEXT

1340;SKS,»
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BLOCK NUMBER 19 DECIMAL . 23 OCTAL

. /R2 CAMOP ;CODE 4 1) LDA, BEGIN, 240 .0TA, END, SP LDA,
ONE 1 + SUB, SP STA, 0 STA, BEGIN, 1340 SKS, END, BEGIN,
- 1540 INA, END, 0 1) STA, BEGIN, 1640 INA, END," 1 1) STA,
- NEXT - ¢ /R2A CAMOP 0 , 0 , ;CODE 4 1) LDA, o
- BEGIN, 240 OTA, END, BEGIN; 1340 SKS, END, BEGIN 1540 INA,
END, 5 1) STA, BEGIN 1640 INA, END, 6 1) .STA, NEXT :

: /W2 CAMOP ;CODE S) LDA; BEGIN _140 OTA, END, SP IRS, '
S) LDA, BEGIN, 340 0TA, END,V4 1) LDA, BEGIN 240 OTA, END,
SP IRS, BEGIN, 1340 SKS END, - NEXT oy, '
: /YQA CAMOP O 0 6 CODEES 1) LD? BEGIISE 140 DTA END,
6 1) LDA, BEGIN 340 OTA ND, 4 1) LDA GIN, OTA;
- END, BEGIN 1340 SKS, END, NEXT //’—’//240

) : %

L'y

_BLOCK NUMBER 24 DECIMAL 30 GCTAL‘
BASE @ OCTAL .~ |
CODE PWORD 102 SKS, 2 OCP, S) LDA, 1A,
'BEGIN, 2 OTA, END, ICA, BEGIN, 2 OTA, END, POP
CODE. POFF  BEGIN, 2 SKS, END, 102 0CPy NEXT *

: PLDR 24 0 DO 0 PWORD LODP o

: PTRL 111777 PWORD PLDR ;

~: ‘PBLOCK PLDR 201 PWORD DUP 1001 + SWAP DO 1 @ PWORD '
'LOOP PTRL POFF ; - 201 INTEGER SOB 111777 ,

0 INTEGER GWORD, BEGIN 1001 INA, END, ICA, BEGiN,‘ 1~INN,”

- END, GWORD 0) -JMpP, - . N g
.CODE RLDR 't OCP, BEGIN " BEGIN,- 1001 INA, END; .
SOB ERA, - SZE, END, CNEXT : L
HERE 1 + CODE RTRL GWORD JsT, 101 OCP,‘ SOB 1 + ERA,
.SNZ NEXT LDA, ABORT CODE RWORD GWORD JST, PUSH .
RBLOCK RLDR DUP 1001 + SWAP DO RWDRD I = LOOP RTRL,:'.°’
BASE = 58 oo S



BLOCK NUMBER 25 DECIMAL o OCTAL_"

BASE @ OCTAL “”‘L”
LBLK 21 1 DO CR I LINE 2 100 TYPE T

: # BLOCK NUMBER = # BMSG

NBLK CR CR BMSG COUNT . TYPE BLK 0 . CR
: LREG DO I BLK = 1"LINE -0 135523 - 0= IF

" NBLK LBLK THEN LOOP ;

: PREG DO- I BLK = 1 LINE oup @ 135523 - 0=
'DROP ELSE PBLOCK THEN LODP ;

At

BLOCK NUMBER 30 DECIMAL 36 OCTAL , s
7 - . e em N
FLUSH DISCARD 5

' DISCARD REMEMBER DISCARD :. DISCARD
'BASE- @ DOCTAL - RUREEEE N PR
,"OP 2 + CONSTANT DELIM S

EMOV -40° MOVE . ) ff

i';o INTEGER TEXT 37 DP +: ° |
' STRING 120240 HERE  HERE-DUP i + EMOV

(DELIM = -1 IN +z WORD HERE 1 + TEXT
. " '~42 STRING ; (- 251: STRING
: HOLD DUP-LINE. TEXT EMOV ;' -
T CR HOLQ "LINE 2 = 100 . TYPE CR
: R LINE:TEXT SWAP EMOV UPDATE ; .
D HOLD 20- SWAP DO. I 1-+ . -
LINE DUP 40 - EMOV LOOP UPDATE ;

D FF 1+ DUP 17.D0 I LINE:DUP 40 + Eng

: 'COPY SWAP BLOCK 1000 + = UPDATE |
BASE S )

- .

ELS |
IF

Ay

i

N

EMOV

88

- Loop CR CR CB ;



BLOCK NUMBER 72 -DECIMAL {10 OCTAL

BASE @ DBCIMAL
WSET DO DUP SM1WR LOOP DROP ; N
: ISET DO DUP IMWR LOOP DROP ' w
: OSYM 0 16 0 WSET ; -
« 1SYM 255 SMiWR 0 15 0 WSET ; :
: 2SYM 0 7 O WSET 255 SMiIWR 0 8 0 WSET :
: 35YM 128 16 0 WSET ; |
: 4SYM 1 16 0 WSET : "
. B5SYM 128 7 0- WSET 255 SMiWR 0 8 0 WSET X
© BSYM 255 SM1WR 128 150 WSET ;
© 7SYM 1 7 0 WSET 255 SM1WR 0 8 0 WSET ;
. 8SYM 255 SM1WR 1 15 0 WSET ; -
: PCOL FGND @ + BACK @ + ; '

BASE = :S o .
'BLOCK NUMBER 73 DECIMAL 111 OCTAL

BASE @  OCTAL .
. OLIN 405 PCOL IMWR 402 PCOL 6 O ISET 407 PCOL IMWR

7 0 DO 402 PCOL 7 O ISET¢407 PCOL IMWR LOOP ;

: 1LIN 403 PCOL IMWR 0 6 0 ISET 404 PCDL IMWR 7 0 DO

0 7 0 ISET 404 PCOL IMWR LOOP ;

. WSYM BR4 0 SAWR OSYM 1SYM 25YM 3SYM 4SYM 5SYM BSYM

7SYM 8SYM \
. WPICT BR4 0 CRWR 10 0 DO OLIN: 3 0 DO 1LIN LOOP LOOP

BASE- = ;S



~ # DAY HOUR MIN SEC 1/10 # 5MSG

A

'BLOCK NUMBER 74 DECIMAL 112 OCTAL 3

BASE @ OCTAL .

# TVOLTGVERRSLITIBAL ICOR 1# 5MSG -

:» SPAN 0 LINENO = 0 CHRPOS = 5MSG DLIST ; _
CODE 4LR S) LDA, 4 LGL, SMI, HERE 3 + JMP, TCA, .
SSM, 4 ARS, PUT : :

. MSC 0 LINENO = 7 CHRPOS = DO CURPOS 0 11 1 / CNA
0 FCNA /IR 4LR 2 / SPNUM LINENO t+= LOOP 7

: MGO O CRWR 5PAN BEGIN 13 6 MSC SS1 END

BASE = :S ‘
BLOCK NUMBER 75 DECIMAL 113 OCTAL

BASE @ DECIMAL 6 CONSTANT M -0 INTEGER HOURS
0 INTEGER MINUTES 0 INTEGER DAYS 0 INTEGER TEMP

0 INTEGER SECONDS -3 INTEGER M3 OCTAL 17 INTEGER C17
12 INTEGER C12 | v |
CODE DTOBCRA. TEMP STA, M3 LDX, BEGIN, S) LDA,

4 ALR, S) STA, C17 ANA, TEMP ADD, C12 MpY, I1AB, TEMP STA,

0 IRS, END, & "LDa, 4 ALR, C17 ANA, TEMP ADD, PUT DECIMAL
OMO /CNA-O /R2 HMS O M 1 /NCNA HMST HMS1 O /R1 DREAD

HMS1 16 /W1 DWRIT ‘
., TOD_HMS. HOURS = 256 /MOD MINUTES = SECONDS =

" DINP DREAD 16 /MOD .DAYS = TEMP = ;

. 3PAN 16 LINEND = 1 CHRPOS = 5MSG DLIST ;

. FST TEMP © SECONDS © MINUTES @ HOURS @ DAYS:
. GDATE TOD DIMP BASE @ FST HEXADECIMAL 5 0 pd
UINEND 1+= LOOP BASE = : : SDATE 3PAN 6.CHRPOS = BEGIN

'

16 LINENO = GDATE SS1 END | BASE = ;S

o,

@
CURPOS SPNU

90
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BLOCK NUMBER 80 DECIMAL 120 OCTAL . .

" BASE © DECIMAL 23 CONSTANT.T 0 T 0 /NCNA OT

0 T 1 /NCNA 1T 0 T 2 /NCNA 2T 0 T°3 /NCNA 3T

0 T 4 /NCNA 4T 0 T 5 /NCNA 5T 0 T 6 /NCNA 6T

0 T 15 /NCNA 157

0T 0 /Rt IMRD 1T 0 /R1 CRRD 2T O /R1 LRRD

4T 0°/R1 SMRD

OT 16 /W1 IMWR 1T 16 /W1 CRWR 2T 16 /W1 LRWR

37 16 /W1 LAWR 4T 16 /W1 SMIWR 5T 16 /W1 SM2WR

6T 16 /W1 SAWR R

0T 25 /CYC SERS 1T 25 /CYC LERS 2T 25 /CYC CERS

37 25 /CYC RUP_ 4T 25 /CYC RDOWN | |

0T 24 /CYC DEXTL 1T 24 /CYC DERSL 2T 24 /CYC DLFR

3T 24 /CYC DCUR 4T 24 /CYC DEXTCUR . -

0T 26 /CYC EEXTL 1T 26 /CYC EERSL 2T 26 /CYC ELFR

3T 26 /CYC ECUR 4T 26-/CYC EEXTCUR | o®
BASE = ;S S » K o

BLOCK NUMBER 81 DECIMAL 121 OCTAL

BASE @ DECIMAL ~
0T 27 /CYC EXSTL 1T 27 /CYC ERSTL 2T 27 /CYC EROC
0T -8 /CYC EXRTL 1T 27 /CYC ERRTL 15T 8 /CYC KSRTL
0T 10 /CYC EXCL 1T 10 /CYC ERCL
3584 INTEGER HIGHBITS. 0 INTEGER LINENO 0 INTEGER CHRPOS
3584 INTEGER FGND ~ 0 INTEGER BACK 0 "INTEGER FLASH '
HERE 63 , CODE CGET FETCH ANA, BACK ADD, FGND ADD, :
FLASH ADD, PUSH

: WMSG CONNT SWAP DROP 0 DO CGET IMWR LOOP v ,

: NOUT CONWERT SWAP IP = 0 DO CGET IMWR LOOP ; O

: SPNUM SIGN ABS 0 NOUT ; : DPNUM NOSIGN NOUT ; (1“1\

: CURPOS LINENO @ 64 * CHRPOS @ + CRWR L
: TVLIST BLK = 17 1-DO I LINE 2 * IP = i
64 0 DO CGET IMWR LOOP LOOP-; OCTAL . '

: BACKS 10000 * BACK = ; . : FGNDS 1000 * FGND = ;

FLASHS 100000 * FLASH = ; BASE = ;S
. ‘

\L/¢



BLOCK NUMBER 83 DECIMAL 123 OCTAL. !

BASE @ DECIMAL 2 CONSTANT M : v
0 INTEGER BEG 0 INTEGER TEwa: BANDE 1 + TERM = BEG = ;

0 M O /NCNA IMO IMO 17 /w1 WCO IMO O /R1 RCO IMO O /R2 RCOD
-0 M 1 /NCNA IMt IM1 17 /Wt WC1 IM1 O /R1 RC1 IM1 O /R2 RC1D
0 M 2 /NCNA IM2 'IM2 17 /W2 WC2D IM2 0 /R2 RC2D

0 M 3 /NCNA IM3 IM3 17 /W2 WC3D IM3 0 /R2 RC3D

IMO 25 /CYC 1UP IM1 25 /CYC 2UP IM2 25 /CYC 12DOWN
IMO.26 /CYC 1MOVE IMO.24 /CYC 1STOP IM2 26 /CYC 1SET

IM1 26 /CYC 2MOVE IM1 24 /CYC 2STOP IM3 26 /CYC 2SET

BASE =  :S

£oe

BLOCK NUMBER 84 DECIMAL - 124 OCTAL .

BASE @ OCTAL O CONSTANT BLACK 1 CONSTANT DBLUE
2 CONSTANT GREEN 3 CONSTANT LBLUE 4 CONSTANT RED

»1 5 CONSTANT MAGENTA 6 CONSTANT YELLOW 7 CONSTANT WHITE

CODE 4LR S) LDA, 4 LGL, SMI, HERE 3 + UJMP, TCA,

SSM, 4 ARS, PUT '

. MUXS BR4 0 LINENO = 25 CHRPOS = 13 0 DO CURPOS 0 31

/CNA 0 FCNA /IR 4LR 2 / SPNUM LINENO 1+= LOOP ; '
‘PANBIG FGNDS BACKS 1PAN 2PAN 3PAN ;

4 INTEGER VBACK 1 INTEGER VFORE '

~+ SCANBIG O.LINEND = 6 CHRPOS = 0 17 BANDE LUPE GDATE

MUXS 51 57 BANDE LUPE ; ’

: BIGSCAN -PANBIG VBACK @ BACKS VFORE @ FGNDS

BEGIN SCANBIG SS1 END ;

BASE = ;S
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BLOCK NUMBER . -85 DECIMAL 125 OCTAL

~BASE @ OCTAL .

CODE BSWAP S) LDA, [ICA, PUT

0 INTEGER DBLOCK 1000 DP += '

. SMREAD BR4 '0 SAWR DBLOCK 1000 + DBLOCK DO
SMRD BSWAP SMRD + I = LOOP ; . =~

. SMWRITE BR4 0 SAWR DBLOCK 1000 + DBLOCK DO

I @ BSWAP SM2WR LOOP ; o : o
: SBNUMBER DBLOCK 1000 + =

BASE = ;S - | |
BLOCK NUMBER 86 DECIMAL - 126 OCTAL

BASE @ OCTAL , .

0 INTEGER BUFF 12 DP +=

. GLOOP BUFF 13 + BUFF DO IMRD 1 = LOOP ; -

. ¢ WLOOP BUFF 13 + BUFF DO 1 @ IMWR LOOP ; ’

0 25 12 /CNA 32 /CYC EB4 (0 25 12 /CNA 30 /CYC DB4

. GINT BR4 ECUR EEXTCUR EEXTL /ENB BRO EBA GO ;

: ALLDONE BRO DB4 BRA /INH DEXTL DEXTCUR DCUR IOF ; __.
CLKIN BR4 DEXTCUR DCUR -20 SP += CRRD SCANBIG CRWR

: 93

20 SP += ECUR EEXTCUR .CLOCK RETINT ; BUTTON ATTACH ALLDONE

. NINT BR4 EXRTL 2QS CRRD DUP 7760 AND CRWR GLOOP
2520 CRWR WLOOP EXCL CRWR RETINT ;. : ,

RTC ATTACH CLKIN /BDMD ATTACH NINT

. GOTO BR4 WC1 2MOVE BEGIN DUP RC1 - 177774 AND DUP
0< IF 12DOWN ELSE 2UP THEN END 2STOP DROP '
BASE = 'S : I ' :
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BLOCK NUMBER 87 DECIMAL 127 OCTAL
BAS? @ OCTAL 0 INTEGER'M 0, 0 . 0
0 INTEGER RTC 0 INTEGER BUTTON 0 INTEGET /BDMD
-74 INTEGER -MINUTE 41 INTEGER ARMW 0 INTEGER TIME
0 INTEGER PILO IP LDA, M STA, IC LDA, M 1 + STA, OP LDA,
M 3 + STA, RP. LDA, M 2 4 STA, 1240 SKS "HERE 7 + UMP,
20 ?KS) HERE 7 + uMpP, 404 SKS HERE 7 + JMP, BUTTON LDX
3 1), 0) JMP,
/BDMD LDX, -3 1) 0) dMP TC LDX 3 1) O) JMP, 24 0) UMP,
. ATTACH SNOOP SWAP PILO INTEGER ADO 7200 INTEGER MASK
CODE GO INH, ADO LDM? 63 STA, ARMW LDA, 20 OTA, MINUTE LDA,
61 STA, MASK LDA, 440 OTA, HERE 1 = QMP 440 OCP .
20 OCP, 130 LDA, RP.O) STA NEXT :
CODE CLOCK TIME LDA, ADA, TIME STA, IAB, MINUTE LDA,
61°-5TA, 20 OCP, NEXT = . - .
HERE 1 + CODE IOF 220 OCP, LD, ABQRT
- CODE RETINT M LDA, IP STA, M 1 + LDA, IC STA, M 2 + LDA,
RP STA, M 3 + LDA, OP STA, 440 OCP, 25 JMP, BASE = ;S

BLOCK NUMBER 96 DECIMAL R 140 OCTAL

BASE @ DECIMAL 16 CONSTANT M O M O /NCNA BPS BPS 8 /CYC TBPS
BPS 9 /CYC CBPS BPS 26 /CYC EBPS BPS 24 /CYC DBPS

BPS 7 /R1 RBPS BPS 1 /Rj} S1BPS BPS 0 /R1 SOBPS

: GSET BR4 0 SAWR 8 0 DO 8 0 DO 16 0 DO K I' >

IF 240 ELSE O THEN J I > IF 1§ + THEN SMIWR LOOP LOOP LOOP ;
: LFR 0 LAWR 27 0 DO 48 LRWR LDQP 32 27 DO 120 LRWR LOOP -

0 INTEGER BBEAM 1027 DP += BBEAM) 2 + CONSTANT BEAM ,
-0 INTEGER CVAL : GVAL CVAL @ - @ MAX 7 MIN ;

: SAMPLE BR4 CBPS EBPS BEGIN TBHS ?QV 0= END 1024 BEAM ‘
‘BEAM DO RBPS I = LOOP DBPS

. XPLO BR4 0 CRWR 182 CVAL ; 27 0 DO BEAM 1024 + BEAM 00
018+ 1D0OIe+ LOOP 11/ GV 801 16+ ] 8+ DO
I e + LOOP 11 / GVAL + 256 + BA

@ + FGND @ + IMWR

16 +LOOP -7 CVAL += LOOP ;

-

BASE = ;S
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87 DECIMAL 141 OCTAL

i
BLOCK NUMBER
BASE @ DECIMAL 0- INTEGER CNT —.

. PLOT BR4 CHRPOS = 0 LINENO = CURPOS 182 CVAL =
DUP DUP 64 + SWAP DO 1 @ 8 * 11 / GVAL 8 » I 1 +
- GVAL +.256 + FGND @ + BACK @ + IMWR 2 +LOOP LINEN
CURPOS -7 -CVAL += LOOP DROP ;

2
e
0

PSUM O CVAL = 0 CNT = BEAM 1024 + BEAM DO I @ IF

CVAL @ IF 1 + SWAP 1 @ + SWAP ELSE 1 CVAL = I BEAM

DUP I @ SWAP CNT 1+= THEN ELSE 0 CVAL f’THEN LBOP

: LSUM CNT @-0'D0O CR ROT . . . LOOP ;
: APLOT BEAM + 0 PLOT ;

: BPLOT BEAM + 32 PLOF ; :

: '"CPLOT DUP APLOT 64 + BPLOT ;

BASE = ;S

BLOCK NUMBER 98 DECIMAL 142 OCTAL

oy A

 BASE @ DECIMAL 15 CONSTANT M

0 MO /CNA 25 /CYC HGD * 0 M 1 /CNA 25 /CYC VGO

: SAMPLE BEGIN. TBPS- ?7QV 0=-END 1024 BEAM + BEAM DO
‘RBPS I = LOOP DBPS ; -

. HSAM .BR4 CBPS EBPS HGO SAMPLE ; . :

: VSAM BR4 CBPS EBPS VGD SAMPLE ;° T
~10000 INTEGER COUNT
SS1 END ;. :
: DPLOT RED FGNDS APLOT GREEN FGNDS BPLOT ;
0 INTEGER HPP 0 INTEGER VPP / ‘
: HLOOP BEGIN HSAM VPP @ HPP @ DPLOT SS1 END ;

VLOOP BEGIN VSAM VPP @ HPP @ DPLOT SS1 END ;

Y |

BASE = ;5 ' - L

0D

8
1

*

+ =

: HLUP BEGIN VGO COUNT € O DO LOOP
VLUP .BEGIN VGO COUNT @ 0 DO LOOP SS1 END ;

0
1

1

95
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+++  BLOCK NUMBER 300 DECIMAL 454 OCTAL

509 LOAD 530 LOAD 531 LOAD 532 LOAD
533 LOAQ 534 LOAD 535 LOAD ~

YDRAW

MT1T

 BASE = ;S |

BASE @ DECIMAL REMEMBER MT2

OO EREWN OO~ UTEHEWN —

— mh eh edh A ek

This block, when loaded, loads the blocks containing
the program to draw a schematic diagram on the color

.display{ draws such a diagram, and then unload% the code

that it ha§ loaded. The word YDRAW , executed in this block

and defined in one of the blocks ﬁt loaded, performs the

drawing. . - o

”
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wxx  BLOCK NUMBER 301 DECIMAL 455 OCTAL
523 LOAD 524 LOAD 525 LOAD 526 LOAD

1
2 527 LOAD 528 LOAD . o
3 ' HSAM 4 - INTEGER GADAR ' VSAM 4 - , ' FSAM 4 -
5
6
7 .
8
9
10 SWAP
11 GADAR SWAP SEL ' »
12 FM2 COUNT TYPE IR I
13 2 V? VAPLO
14 . MT2 o
15 BASE = ;S - -
16 © | . '

7’

This bldck, when .loaded, loads the blocks which contain
the iprogram to take the digitized form of a waveform ffom
the waveform analyzer, énd then draw that waveform on the
screén, then it doés so, and finally unloads the pfogram

that it has loaded.
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*
*
*

BLOCK NUMBERa’ 4OOVDECIMAL 620" OCTAL »

BASE @ OCTAL

100000 CPU €KP, 5_CPU SGL, 7 CPU DBL, IR

T EQ - 0= ; : - .

CODE NOT S) LDA, CMA, PUT - , _ '
CODE OR S) LDA, SP IRS, S) IMA, CMA, S) IMA,
S) ANA, S) ERA, CMA, PUT ' : .
: MVH MINUS MOVE ;

w
~

| 9
WRN QOO UTDBWR —

[02 &4 I8 -4

This block contains a few of the useful words also

defined early in the code written for the qpnsole5SCahnerf

¢
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*xx BLOCK NUMBER . 402 DECIMAL 622 OCTAL
. . . L d
- BASE © DECIMAL 24°LOAD 25 LOAD OCTAL
2 # »x BLOCK NUMBER # BIMS .# DECIMAL # B2MS
3 # OCTAL# B3MS

1 - : NABLK BASE @ CR CR BMS COUNT TYPE BLK @ DUP
5 DECIMAL 4 F = . B2MS COUNT TYPE OCTAL 5 F =

6 . B3MS COUNT TYPE O F = BASE = CR :

7 ¢ LISTREGION F @ 2DEEP DO I BLK = 1 LINE @

8 135523°- 0= IF ELSE NABLK LBLK . -

9 4000 0.DO 34 5 * = DROP LOOP THEN

0 LOOP F = ;

1

2

1€ BASE = ;S

This block.contaigs a program to 1ist'the‘90uree blocks.
von a given region of the d1sk with a format more attractive
than that prov1ded by the word LREG 1n the basic system. One
_ of the important features ‘of this format. is that block
numbers are given in both octal and deciha]. Tg‘list the
| seurce bleeks from whose”™ numbers 1un from m to n, the
command Sequence |

N+l m LISTREGION | ,
is used. Blocks whose f1rst two\ByS:s are the characters ;S .
(in even par1ty ASCI1, forming the tal . word 135523) are

considered to be empty, and are not printed.
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+x+  BLOCK NUMBER 403 DECIMAL ' 623 OCTAL

BASE' @ DECIMAL .~

0 CONSTANT I1 ' 11 CONSTANT g
# 4 OCM<#  # SPM | |
. DLU 1000 0 DD 3 4 5 *+ » DROP LOOP ; -~
. GBLIST CR 7 &)= 0 J1-= BASE' @ BEGIN

DECIMAL .IT *. SPM COUNT ‘TYPE If ENQ.DARRA . |
I1 32 = + DUP OCTAL ? DECIMAL DUP 1 +3@ DUP . 2 - ABS 1 -
EQ IF OCTAL OCM ELSE SPM THEN COUNT TYPE DUP 2 +? °
DECIMAL DUP 5 + 2 DUP 20 + ? DUP 21 + ?

OCTAL DUR 26 + ? DUP 31 + 2:CR-

J1 142 DLL 32 + @ 8 EQ 0=.END BASE = ;

e

N —=—OOONOOUTEB WK —

LN

— e

DO &»wWw
-
¥

BASE @

1]

S o

“. This block defines thé‘word CBLIST fhé (zUPpOSG of
which is to print out the cufrent éontents of the deVice |
description table from memorﬁ“ thereby assisting in making
mod1f1cat1ons to this table. -

: Note~that the word 7 is equivalent to the two words @ .

“which print the conféntérof ‘a memory locatioh_jgjven' its

address. : o ‘ S

3

-



@

ex+  BLOCK NUMBER ~ 404.DECIMAL . 524 OCTAL

1 BASE @ OCTAL, . = R
2 100000 CPU SKP 5 CPU SGL, 7 CPU DBL,
3 EQ - 0= ; ’ ‘
4 CODE.. NOT S) LDA, CMA, PUT ~ o,
5 ,CODE OR S) LDA, SP IRS S) IMA, CMA, S) IMA,
6 S)] ANA, S) ERA, CMA, PUT » | L.
7 DECIMAL ': MVH MINUS’MOVE ;
8 -0 INTEGER DARRA‘2048 DP += '
-9 0 INTEGER LARA 1024 DP += o
10 515 LPAD 450 LOAD" 452 .OAD 454 LOAD ¥
11 : SULA 1993 LARA BREAD 1994 LARA 512 + BREAD N - -
'12 : WTLA 1994 LARA 512 + BWRITE 1993 LARA BWRITE ; "
13° ' o
14, - ) o T o '
18 BASE = ;5 - : [ 3 i ) |
6. - o SR -
TN SR -
' & - . o
This blocklcontains:v‘ S ) .
. a) - Some uof the usefu) words defined:at the start.of
| the console scanner code, ) \é
"b) ,Theq def1n1t10n of an array in memory to be used

- for stor1ng the device descr1pt1on ,table,

MR )

hav1ng the same name, DARRA-," as is used for
® 7 thefarrayLLn the ‘anso1e- scanner -code for

~ that purpose. |
7},0) WOrds that load the aforement ioned array w1th the

dev1ce descr1pt1on table from the dlsk and

which write the array out to the disk as"the.'7

new. device, descr1pt10n table.
Either this block or the console scanner 1tself may

be loaded before block 403 and/or ’block 450 to perm1t~

l t

.‘l1stjng “and ed1t1ng the dev1ce descrlptlon table on the' :

-

disk.
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+++  BLOCK NUMBER 450 DECIMAL 702 OCTAL

i BASE.@ DECIMAL

2. : WTUA 4 0 DO 1999 1 - DARRA 512 3 I - # +

3 BWRITE LOOP ;  ©° ,

1 O%TNTEGER DWOR : CURR 32 * DARRA DWOR © + + 2 |
5 : RPL SWAP 32 » DARRA DWOR @ + + = : \

6 : ENQ 32 * DARRA 22 + + 2 % 6 TYPE .

7 ¢ NRE ILIN 32 * DARRA 22 + + 3 0 DO

8 DUP I #w ITEX. I 2 * + DUP 1 + @ SWAP 0

g 256 * + SWAP = LOOP DROP ;
10

oo .

2 ,

13

¥

15 \

16 BASE = ;S : -

o

This block contains several words used ™ edit& the
- device déscriptioh table‘ when in memory. ‘

5
L
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wxx  BLOCK NUMBER 453 DECIMAL 704 OCTAL

{ BASE @ DECIMAL
9 + LENQ 12 * LARA 1 + .+ 2 * 16 TYPE ;
3 : UEN ILIN-12 * LARA 9 + + 3 0 DO :
4 DUP I + ITEX I 2 %+ DUP 1 + @ SWAP @ 256 * + SWAP =
-5 LOOP DROP S
6
7
8
9
10
11 - . ; '
12 : ‘
13 o : N\ -
14 ‘ ' :
15 _ : -
16 BASE = ;S

\

\

This block contains some words used to ed1% and examine

the block in memory conta1n1ng the long names and units used

for printed logouts of accelerator conditions.

B
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BLOCK NUMBER 500 DECIMAL 764 OCTAL 4

"BASE @ DECIMAL

85 LOAD 24 LOAD 25 LOAD 536 LOAD 501 LOAD
: EQ - 0= : : DELY ; 1 F =

512 LOAD ' : .X . CR ;

CODE NOT S) LDA, CMA, PUT

: OR NOT SWAP NOT AND NOT- ;
513 LOAD 514 LOAD

OCTAL 100000 CPU SKP, DECIMAL
515 LOAD 516 LOAD |
522 LOAD

. MLOAD DO I LOAD LOOP :
599 537 MLOAD
BASE = :§

h ]

This block loads the FORTH console scanner System in

its present form, and defines a few basic words missing from

the standard system, such as AND , OR , NOT , and some

assembler mnemonics.
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*

BLOCK NUMBER 501 DECIMAL - 765 OCTAL

1 BASE @ DECIMAL 0 16 0 /NCNA BPS BPS 8 /CYC TBPS

2 BPS 9 /CYC CBPS BPS 26 /CYC EBPS BPS 24 /CYC DBPS

3 BPS 2 /R¥ RBPS BPS 1 /R1 S1BPS BPS 0 /R1 SOBPS

4 . GSET BR4 128 SAWR 11 0 DO 11 0 DO 16 0 DO K I >

5 IF 240 ELSE 0 THEN J,I > IF 15 + THEN SMIWR
LOOP LOOP LOOP ;

& : LFR 0 LAWR 27 0 DO 88 LRWR LDOP 32 27 DO 120 LRWR
LOOP -; .

7 0 INTEGER BBEAM 1027 DP += BBEAM 2 + CONSTANT BEAM

8 O INTEGER CVAL : GVAL CVAL @ - 0 MAX 10 MIN ;

9 . SAMPLE BEGIN TBPS ?QV 0= END 1024 BEAM +

10 BEAM DO RBPS I = LOQP DBPS ; ’

11 0 15 0 /CNA 25 /CYC HGO 0 15 1 /CNA 25 /CYC VGO

12 0 15 2 /CNA 25 /CYC FGO

13 : FSAM BR4 /Z CBPS EBPS FGO SAMPLE

14 . HSAM BR4 CBPS EBPS HGO SAMPLE ;

15 . VSAM BR4 CBPS EBPS VGO SAMPLE ;

16 BASE = ;S ,

This block contains subrout ines used  in drawing
waveforms on tHe screen. The word GSET causes the characters
whose positions in the user-defined eymbol storage are from
64 to 191 to be those used for draw1ng such waveforms “the
word SAMPLE reads the 1024 po1nts of a waveform from the
waveform analyzer, and the words HGO , VGO , and FGO select ',/'
horizontal beam profile, veftieal beam profile, and pu]sed /

beam shape respectively to-be' read by the waveform ana1yzep4
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BLOCK NUMBER 512 DECIMAL ~ 1000 OCTAL

éASE @ OCTAL 5 CPU SGL, 7 CPU DBL,

21 SECTOR 3 ,CODE ++X _ ,

o, 0,0, S)LDA, IAB, SP IRS, S) LDA, DBL,

‘44X 1+ 2 / 2 x DUP STA, SGL, SP IRS, S) LDA,

IAB, SR IRS, S) LDA, DBL, ADD, SGL, S) STA, IAB, PUSH
CODE FIND SP LDA, S) ADD, 0 STA, 0 1) LDA, PUT :
. ++ SWAP 3 FIND 5 FIND ++X SWAP ROT DROP 3OT DROP

. PRINT CR COUNT TYPE CR ;

A

BASE = :S g s

s

This block defines a .double precision add as the word

. The Callihg sequence of ++ is

abcd++

its result is (d,cl+(b,a), stored with the most -

significant word at the top of the stack. Also defined is

the word FIND , whose calling sequence is

n FIND .

which replaces n with a duplicate of nth word from the top

'of!the stack, counting n: for example,

4004 3003 2002 3 FIND

places 3003 at  the top of the stack, while leaving 2002,

3003, and 4004 on the stack below it.

.

\\
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% BLOCK NUMBER 513 DECIMAL 1001 OCTAL

- BASE @ DECIMAL o , _ -
: NCV DUP IF 8 + 1024 = THEN ; S
: /FCMD 2DEEP O 2DEEP /CNA ROT OCIR ROT NCV BRSC
SWAP FCNA ; o

—
0 CONSTANT NOIR ' v

1 CONSTANT DBLUE- 2 CONSTANT GREEN - 3 CONSTANT LBLUE
4 CONSTANT RED 5 CONSTANT MAGENTA 6 CONSTANT YELLOW
7 CONSTANT WHITE

—L—A—L‘—A—L——L—& : ’
DAPBWN =-OWOWO~TD TS W —

- BASE = ;S

‘This block defines the .word NCV , used to convert a

branch number to the internal form used by  the CAMAC

interface, the word /FCMD , which has the calling sequence

brancH crate station subaddress /FCMD

and which immediately selects the crate and branch

‘requested, also placing on the stack the station number,

subaddress, ' and the crate index register number (the crate
index register is an internal part of the particular CAMAC

interface uéed) and stores a crate number) combined in the

form used by several FDRTH words which access CAMAC.
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BLOCK{NUMBER 514 DECIMAL 1002\ OCTAL

% %k %k
1 - BASE @ DECIMAL e |
2" ¢ CINIT BR4.1 OCIR ; - \
3 BEAM CONSTANT BLARR
4 . DGCS 1992 BLARR BREAD 0 SAWR 513 0 DO BLARR 1 +
5 © SM2WR LOOP ; .
6 CODE FOD S) LDA, -13 LGR, PUT,
7 0 CONSTANT IX OCTAL 7400 CONSTANT COLR .
'8 17777 CONSTANT DMASK 400 CONSTANT CHSE DECIMAL
9 0 INTEGER IPE,CODE SUP S) LDA, 9 LGL, PUT :
10 : AWORD ' IX 7+= BLARR IX + @ ;
{1 : SEBP BLARR IX + 2 * 1 + IPE = ;
{2 CODE ECXC'S) LDA, ICA, PUT :
13 : FET IPE @ 2 /MOD @ SWAP
14 IF ELSE ECXC ' IX 1+= THEN IPE 1+= 255 AND ;
15 ‘ j
16 BASE = ;S
»

fhis’block defines the Word CINIT , which selects crate
i of branch 4, the word DGCS , which 1loads . the first 64
characters of the color dieplay'e Symbel Memory with the
characters‘ used in drawing scemat1c d1agrams ‘ef the'
.accelerator system, read1ng these characters from disk bfo
1992, the word FOD , which returns the f1rst three bits of
the word at the top of the stack, the word AWORD , which -

takes a word of diagram description from the array

o«

containing the 1nstruct1ons for draw1ng the diagram, the
word FET , whlch acts 11Ke the word @ , except that it takes
a single byte from memory g1ven a byte address, and several
variables used to store informatiqn about the appearance of
the dtagram being drawn, such as the character set ( CHSE ),
or. the ‘(foreground) color .of “characters be1ng . drawn
( COLR ). | | |

Also, this block defines the array BEAM , used to store
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a waveform from the waveform analyzer, tofocCupy the same.
storégevlocations as the array BLARR , used for réading

FORTH blocks From the disk. L e




+*x  BLOCK NUMBER 515 DECIMAL 1003 OCTAL
BASE @ DECIMAL |

1
2 0 INTEGER ITEX 80 DP +=
3 33 SECTOR
4 HERE 1 - CONSTANT IXAD
5 :-80 INTEGER MLEN OCTAL 215, 337 , ~
6 CODE ILIN BEGIN, MLEN LDX, 104 SKS, HERE 1 - 'UMP,
7 4 0CP, BEGIN, SWAP 1004 INA, HERE 1 - JMP,
'MLEN 2 + CAS, | |
8 IXAD 1) STA, SKP, END, MLEN 1 + ERA,
MLEN 1 + LDA, ' ¢
9  SNZ, NEXT 0 IRS, END, IXAD STA, NEXT
10 # LINE DELETED# LDM - o - )
11 215 CONSTANT K215 DECIMAL » |
/

12~ IXAD 80 - CONSTANT ITEX
13 @ ILIN BEGIN ILIN CR ITEX @ K215 EQ IF LDM COUNT TYPE
14 CR 1 ELSE O THEN END ;

16 BASE = ;S

7 This block.defihes the word ILIN , which accepts a line’
of charactéfs\ up fo 81 oharactefs lohg, teEminafe,»by a
carhiage_beturn, from the teletypewriter. The underscojl\\()
. may be used as a delete 11ne’€ﬂ}rac;eb'for correcting erroré
-1n inputi input of aﬁﬁhll line causes the message "LINE-

DELETED" to be printed.
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ok BLOCK NUMBER 516 DECIMAL 1004 OCTAL
BASE @ OCTAL ' |

1
2 -0 INTEGER LCP
3 & NIP ITEX LCPv=.
4 : USGRAB 0 BEGIN LCP @ @ DUP 257 > IF DUP 261 BASE ©
12 MIN + <
5 IF 260 - SWQP BASE 6 */+ 1 ELSE 0 THEN ELSE 0 THEN
LCP 1+= END
6 DUP 240 EQ IF BE&IN/DROP LCP 1+= LCP @ @ DUP 240 EQ END
7 215 EQ IF 0 ELSE P -1 += 1 THEN ELSE 215 EQ 0= 'FTHEN ;
8- : NGRAB BEGIN LCP/eé 6 DUP 240 EQ IF DROP LCP t+= 1 ELSE
9 DUP 255 EQ_IF DR LCP 1+= 0 USGRAB 2DEEP - SWAP 0 ELSE

10 253 EQ IF LCP t+£ THEN USGRAB 0 THEN THEN END :

11 # ?2:# NMES :/NLIN NMES COUNT TYPE ILIN NIP :

12 77 NLIN NGRAB DROP R \

13 - 1?7 NLIN GIN-NGRAB END : _ 4

14 0 INTEGER/NNS : V? DUP NNS = NLIN 0 DO NGRAB IF ELSE
= - IF NLIN THEN THEN LOOP :

-

his b]ocﬁ defines the‘words 77, !f?', and V7. F which

m9ke use of. the word ILIN deflned in the prev1ous block to
//ellow the. input of numbers | .
Each word prompts the - user _for lnput witn. the

"

characters'“?: , then accept1ng a line of 1nput The .word ?7?
'always‘places only one.number on the stack:® the‘“word !L?/
‘plaoes fall the numbers entered‘onvthe given;input line on
the stack. N |

The word V? nas.the calling sequence:

nv? . "‘x
and always places exactly n numbers on the stack prompting
the user again whenever there are st111 not enough numbers

typed in.

<
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+x+  BLOCK NUMBER 522 DECIMAL 1012 OCTAL
1 BASE @ DECIMAL  CODE ** 0 ,
.2 CODE *D S) LDA, SP IRS, S) MPY, S) STa,

3 SP IMA, ONE SUB, SP IMA, IAB, PUT

4 : ++= 2DEEP 3 FIND DUP @ SWAP 1 + @ ++X

5 ROT DUP 2DEEP 1 + = = ; - :

6 CODE DDV S) LDX, SP IRS, 1°1) LDA, IAB, 0 1) LDA,

7 S) DIV, PUT | S |

8 : DZ DUP 0 SWAP = 0' SWAP 1 + = ;

9 : ©/D SWAP DDV ; | |
10 28 CONSTANT !ST 117 CONSTANT ILE !LE !LE + CONSTANT !RC
11 - CODE SW1 S) LDA, SP IRS, S) ADD, O STA, O 1) LDA,
~IC 0) STA, : | S ﬂ
12 POP 31 INTEGER LIM : SEL O MAX LIM @ MIN SW1 *x ;
13 0 INTEGER DARRA 2048 DP += o ~
14 4 INTEGER GCOL 9 INTEGER STATUS 1 INTEGER DIAGRAM
15 0 INTEGER DCODE 0 INTEGER I |
16 |

BASE = ;S

| This block defines the word DZ , which takes an addresé

from the stack and“sets the location it specifies and :the
~one vfollowing to zero, the word ++= , which adds a single
phecision'number«tb a double precisjon numbér on the stack,
and stofes‘the result in hemory, the word *D ,‘which places
the double-precision.product of two sfngle-precision numbers
on the stack, and the word /D , which performs divides a
dquble'precision number by a sﬁnglevprecision ‘humber, with
‘the calling sequence: |

addr spHUm 6/D
where addr is the address_of the double precision number to
be divided. o | ~ )

Afsb, this block defines the array jDARRAv , which is
used to store. thé device descriptidh tablé, and the‘wobd

SEL ..
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The word ‘SEL is used to'seleci_one of a numfer of FORTH

‘words,ispecified in a special type of list, to be ‘executed.
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) * X

*

BLOCK NUMBER 523 DECIMAL 1013 OCTAL

'BASE @ DECIMAL ‘

"0 INTEGER TOTL DP 1+= §° INTEGER ARE

. BANAL 0 ARE = TOTL DZ DO BEAM I + _
@ DUP I =D TOTL ++= ARE += - g
LOOP ARE @ DUP‘. TOTL DDV . ;0 CONSTANT BOT\‘

: ANALY O ARE = TOTL DZ DO BEAM I + @&

BOT - 0 MAX DUP 1 *D TOTL ++= ARE += LOOP

ARE @ DUP . TOTL DDV . ;

10 : BSAV DUP 1 + BEAM 512:+ BWRITE BEAM BWRITE ; .
11 : BRES DUP BEAM BREAD 1 + BEAM 512 + BREAD ; \
12 | S

|
i
i

OO0 U I>WHRY —

16 BASE = ;S

p This block defines BANAL and ANALY, both of which are
41\ used to measure the area of segmepts of waveforms taker from

.,

the waveform analyzer the ealliﬁg eequeﬁce is

Jastch+1 flrstchannel ANALY l
or lastch+1 firstchannel BANAL
each one returﬁs'thecaverage height_ of the aneformv fpom
f1rstchanne1 to -1ast¢h inc]usze " but ANALY subtracts a

f1xed threshold value from the entire prof1lF . this value

belng contained in the varlable BOT

@



#x+ o BLOCK NUMBER 524 DECIMAL 1014 OCTAL <

1 BASE @ DECIMAL - o

2 0 INTEGER COUNTS 255 DP += S

3 : ZRA 0 DO-DUP I + .0 SWAP = LOOP DROP ;

4 : SBM COUNTS 256 ZRA 1024 0 DO BEAM I + @

5 0 MAX 255 MIN COUNTS + 1+= LOOP ; . 0 INTEGER NPSA

& = PCF 1024 100 */ NPS = -1 Id = BEGIN IdJ 1#= NPS '

7 © COUNTS IJ @ + @ - DUP NPS = 0< 0= END IJ @~

8 0 INTEGER THRESH 0 INTEGER QI 0 INTEGER QQI

g : EDGE 256 DUP BBEAM = BBEAM 1026 + = ey,

10 "0 DUP BBEAM 1 + = BBEAM 1027 + = ;. ’
. 11 ) . ' o . d

12 k| , . ] ; ts . ] =

13

14

15 N

16 BA\\SrE)é;S - SR 5 o S
/
iy e _ o ' ) ' - .
This ‘block defines the words SBM and PCF , and the
ariray COUNTS . The word. SBM . examines the waveform‘data;
\sforea in BEAM , and adds one to the Nth storage locat1on in
the array COUNTS for ‘each channel of BEAM whose helght is N.
The word PCF uses the array COUNTS to rap1dly determ1ne ’the
]evel b&Xow wh1ch a given percentage of the area of the
waveform is 1ocated 4 ’ | ‘ |
Also, the word EDGE is defined, which refers to the
_array BEAM by the name BBEAM , to plaee‘markerszeﬁtslde fhe
edges of the array BEAM to prevent a peak-finding program
from goihg over the edge of BEAM and~wanderiﬁg into other .

~ areas of memory.
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**¥x  BLOCK NUMBER 525 DECIMAL 1015 OCTAL

BASE @ DECIMAL

: BLOCA THRESH = EDGE 0 QI
® THRESH @ < QI 1+= END QI
@ BEAM QI ¢ + 1 - @ > QI @
QQI @ QI = BEGIN BEAM QI @ + @ THRESH @ > QI 1+= END

QI @ QQI = BEGIN BEAM QI @ + @ BEAM QI @ + 1 + 0 >

QI 1+="END QI @ 1 - QQI @ QI = LOOP ;

: BIN GSET 0 LAWR 72 LRWR DLFR ;

0 INTEGER M1 0 INTEGER M2 0 INTEGER P1 O INTEGER P2 :
: AMEA 0 ARE = TOTL DZ DO BEAM I + @ BOT - 0 MAX DUP I
*D TOTL ++= ARE += LOOP ARE @ TOTL DDV ; :

: MNS !ST DUP !LE + SWAP AMEA M1 = IST !LE + DUP !LE +
SWAP AMEA M2 = ;

: MGET BEAM M1 @ + @ P1 = BEAM M2 ¢ + @ P2 ;

OCTAL 7400 CONSTANT GCC DECIMAL

BASE =35

.2 0 DO BEGIN BEAM QI @ +
QQI = BEGIN BEAM QI @ +
- QI = END QI & 1 +

+ + =D

'

NUMTBWN 2SO N WA —

This biock defines the word AMEA , which provides the

\ mean héight of the beam in a fiven range, and the -word

BLOCA , which acts ]fke the word PEAK in'block 527, to find

peaKs in the waveform, here considered to be a beam profile.
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* ok BLOCK NUMBER 526 DECIMAL 1016 OCTAL

BASE @ DECIMAL
0 INTEGER DIF O INTEGER STR :

© VAPLO 'CINIT O CRWR 230 CVAL = O LAWR 72 LRWR DLFR
DUP 2DEEP - DIF = STR = 24 0 DO .64 0 DO I 2 =

DIF @ 128 */ BEAM + STR @ + @ GVAL 11 * [ 2 * 1| +
DIF @ 128 */ BEAM + STR @ + @ GVAL + .
384 + BACK @ + FGND @ + IMWR LOQP -10 CVAL += LOOP ;
“: XPP M2 @ !ST !'LE - - 32 ILE */ 64 * 16 + CRWR

32 0 DO BEAM !ST + 1 !LE 32 */ + @ 7 P1 @ */ 9 #

GCC + .IMWR LOOP :

M1 @ !ST - 32 ILE */ 16 + CRWR 32 0 DO BEAM !ST !LE
+ + ] ILE 32 */ + @ 7 P2 @ */ 9 * GCC-+ IMWR CRRD

63 + CRWR LOOP ;

DO WN 2aCWO~NUT W -

BASE = ;5

This block defines the word VAPLO , which, using the
character set defined by the word GSET , dhaws part of the
waveform in the array BEAM given the desired start and end

channels in the form of a histogram with 128 points.-
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kEk BLOCK NUMBER 507 DECIMAL 1017 OCTAL

BASE @ DECIMAL -
: PEAK BEGIN BEAM QI @ + @ THRESH @ < QI 1+= END
QI @ QQI = BEGIN BEAM QI @ + @ BEAM QI @ + 1 - @ >
QL @ 1 - QI = END QL @ 1 + QQI @ QI =
BEGIN BEAM QI @ + @ THRESH @ > QI 1+= END
QI @ QQI = BEGIN BEAM QI @ + @
BEAM QI @ +.1 + @ >

QI 1+= END QI @ 1 - QQI @ QI = ;

: PREPAR SBM 80 PCF THRESH = EDGE 0 QI = ;

: BSEAR 4 F = PEAK SWAP . BEGIN PEAK 2DEEP OVER OVER
SWAP - 5 > IF SWAP . . ELSE DROP DROP THEN 500 QI
14 @ > END .- "

15 : TFIND 10 PCF 60 PCF DUP * BOT = DUP ROT - + 3 «

16 THRESH = ; | BASE = ;S

WN QOO 1DTTDWWRN

This block defines the word PEAK ; uéed for finding
peaks in.the waveform in BEAM , and the word PREPAR , “which
sets ~up the Timits used“normally as the criterion for peak
finding. The exact limits of a peaK“as found by PEAK are
defined as the last point of zero derivative preceding the
start of a cont{nuous'area where the waveform is above - the
threshold value, and the first point of zero derivative

following the end of that same continuous area.



BLOCK NUMBER 528 DECIMAL 1020 OCTAL

* %

*

1 BASE- @ DECIMAL 5

2 N

3

4

5

6 | _ :

7 : SDPL CRWR 182 CVAL = DUP 2DEEP - DIF = STR = 27 0,D0
8 32 0D0 1 2 * DIF @ 64 =/ BEAM + STR @ + @ GVAL. 8 *"I 2
g % 1 + DIF @ 64 */ BEAM + STR @ + @ GVAL +
10 256 + BACK @ + FGND @ + IMWR LOOP -7 CVAL += CRRD 3 4
11 CRWR LOOP ;
12 : REPRO 0 LAWR 48 LRWR BEGIN LBLUE FGNDS VSAM 192 32
13 0 SDPL YELLOW FGNDS HSAM 192 32 32 SDPL SS1 END ;
14 o .
15 |
16 BASE = ;$

This block defines the word SDPL , which draws a beam
profile as does VAPLO , but only acroés half the scfeen, and
with a given disp]acemenf‘from fhe left'edge of'the,sbreen,
and the word REPRO , which'by calling SDPL ban display both
the horizohtal and vertical parts of a béam profilevon the

screen at the same time, distinguished by color.
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* kK BLOCK NUMBER‘ 529 DECIMAL 1021 OCTAL

{ BASE © DECIMAL
o CODE F5B S) LDA, 11 LGR, PUT
3 QOCTAL 3777 CONSTANT QMA 2000 CONSTANT DMAS DECIMAL
4 0 INTEGER NDEP
5 L.
6 : AWD BLARR I1J @ +_@ Iy 1+= | oo
7 ERRT DROP 8008 . DROP 31 7
8 ER ' ERRT 4 - , ; |
9 5 .
10
11
12
13
14
15 :
16 BASE = ;S

This block conta1ns a few bas1c words used for drawing
diagrams on the screen, such as the word FSB “which returns.
the walue of the first five bits of the word it operates om,
which is where the "opcode” paft of a word in the - picture

deséription language is.
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«xx  BLOCK NUMBER 530 DECIMAL 1022 OCTAL

{ BASE @ DECIMAL | |
J . FALS 1 NDEP = BEGIN AWD F5B DUP 16 EQ IF DROP NDEP
3 1+= ELSE DUP 17 EQ IF DROP NDEP © 1 EQ -1 * NDEP +=
4 ELSE DUP 18 EQ IF DROP -1 NDEP += ELSE 31 EQ IF 0 ERRT
5 THEN THEN THEN THEN NDEP @ END ; -
> . e
7
8
g
10
1
12
13
14
s
16 BASE = ;S

This b1o¢K defines tﬁe word FALS . This word is invoked
B whenever there' is an‘.altérnative in "an IE clause Hn a
picture degcription that is not takeh; It reads succeeding
IF, ELSE, and ENDIF dirégtiyes in the bicture»deécription;;
keeping track of the nesting depth, and does not allow
execution. to resume unfil the end of the area not to be
executed is' reached. -

The code operates,asZFOIIOWS:

: FALS ‘

{ NDEP = - ‘ initia]ize”the' integer containing
e ' the nesting depth

BEGIN . ‘ " begin the loop |

AWD F5B . fetch  next wérd of diagram

description, and retain only the
opcode : ,



DUP 16 EQ

IF DROP NDEP 1{+=

ELSE DUP. 17 EQ

~ DROP NDEP @ 1 EQ -1 =
. NDEP += '

ELSE DUP 18 EQ
IF DROP -1 NDEP +=

ELSE 31 EQ

0 ERRT

THEN THEN THEN THEN
~ NDEP @ END ;

122

making an extra ‘copy for later use,
test ' to determine if" the opcode
equals 16 (IF). : '

if so, discard  the extra copy of
the opcode and - increment the
nesting depth

otherwise, if the ,opcode is 17.
(ELSE), -

then, subtract one from the nesting
‘depth if and only if it equals. 1}
~in other 'words, ignore the ELSE

unless. it belongs to the IF

 instruction which caused FALS to be

executed in the first place

" but if the opcode is 18 (ENDIF)

always subtract 1 from the nesting

depth

a]so; check for end of diagram;

if encountered, indicate an error.

exit when the nesting depth ‘becomes
zero .
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BLOCK NUMBER 531 DECIMAL 1023 OCTAL

*

% %k
. r
1 BASE @ DECIMAL |
o . *CALL ERRT : : *RTUN ERRT ; : *PROC ERRT ;
3 S '
4 N
5
6
7
.
9
10
NS
12
13
1.4
15

16 BASE = ;S
N
This block defines the words used to interpret commands
used for subroutineé' in picture 'descriptions; all these
merely cause an error to be reported, as this is not yet

implemented.
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#xx  BLOCK NUMBER 533 DECIMAL 1025 OCTAL

s

1 BASE @ DECIMAL
2 : *ELSE DROP FALS ;
3 : *IF QMA AND- DUP DMAS AND IF STATUS @ AND ELSE
4 STATUS @ NOT AND 0= THEN IF ELSE FALS THEN -
5 *ENDIF DROP ; : *END -DROP ;
6 *STOP .DROP DROP 31 :
7 *HCA COLR OR IMWR ;
8 *VCA QMA AND COLR OR IMWR CRRD 63 + CRWR
9 : *P0S QMA AND CRWR ;
10 : *REL QMA AND CRRD + CRWR :
I1: *COLR QMA AND DUP 0= IF DROP GCOL @ ELSE THEN 512 *
12 COLR = :
13 ,
14
15 -
16 BASE = :S ‘ ‘

This blockldefinee words used to‘process-Various types
of‘instructiens in the picture deSCription language. |
| Each of fhe vwordé-defined here, When called, exhects
‘the the .picfpre. descrfption language iinstruetion it- {s
perferming te he_ on the stack. Many of these words ‘simply
ignore that'word, therefore'remOving it from the stack }with‘
the word DROP , but some of them use this part of the
instruction for additional information. ‘ |
The word ELSE ; if encountered dur1ng execut1on rather
than by FALS , 1nd1cates that the end of ‘the true part of an
IF clause has been reached: therefore, after us1hg DROP to
remove unneeded data from theVStack, it calls the word FALS
to skip the second part of the IF cleuse.' .
‘The QOrd ENDIF _encountered_ during execution, 1is
ignored, since execution, on leaving the IF‘eTause, shoulld |

“then just continue normally.
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The«,xz% insthuction has as its last 11 bits an
indication of the condition to .be tested: _ité first_ bit
indicates whether all conditions mentioned should be true or
just ohe, and each of the last ten bits indicates a
condition stored bitwise in the variable Sf@hUS . |

‘The word *IF ‘; which 1ntérprets the }ﬁ insfruction,

‘works as follows:

. *IF v |

QMA AND . - mask,out the First five bits of the |

; word, leaving only the last 11 b1ts

-of the instruction

DUP DMAS AND _ making an extra copy of the last 11

' : bits, mask out all but the first of

these bits,  leaving the bit that

indicates -the type of test to be

performed : R

IF STATUS @ AND ' 1f this b1t is one, the contents of

the word STATUS and the last 10
bits of the instruction are ANDed
logically (no, the first bit of the
‘last 11 was not removed, but STATUS
is only 10 bits ‘long) and the
result will . be nonzero . (and
therefore .TRUE.) if any 1 bits are
shared in common by STATUS and the
instruction

ELSE STATUS @ NOT AND ~ if the bit 1is zero, the last 10
0= . bits are inverted and then an AND .
with  STATUS is performed; the
result will only be zero if every 1
bit in the instruction has a 1 bit
< in STATUS corresponding to it; this
is the desired condition, so the
word O= produces a 1 (.TRUE.) if
the result is zero, and a 0
(.FALSE.) otherwise.

"THEN
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IF ELSE FALS THEN ; If the tested condition 1is true,
' fall through to normal execution in
order to execute the first part of
the IF clause; otherwise, call FALS
‘to skip the part that is not to be
' executed. N

The word *POS uses the last 11 bits of the inetbucfionb'
»to provide a‘hew'position to the‘cursor; the word *REL adds
the 1ast 11'bjt5'of'the inStrucfion to the eursor{s current
va]ue; | | _ |
The word *HCA writes the last 11 bits of the
instruction to the screen as.é 'cheracter, after .Combining
them with the current color in ihe‘word COLR ; ‘the Word:*VCA
does the same, but instead Of’allewi?g the cursor position
to "increment normally, it causes tHe.cursor positien to be
increased by a total. of '64’ positions,'f"thus causing
successive characters teq“be' written in a line gbiﬁg
downwards rather than from lef} f0~right; |
The word *COLR is used to interpret an ihstruction tol
change-«the current color; color. zero, rather than being
bTacK, indieates thatv the color representing ‘the gas

currently -in use in the ion source is to be used instead.



* K

1
2

3

4

5
6
:
8
9
10
1

12

*

BLOCK NUMBER 534 DECIMAL 1026 OCTAL

BASE @ DECIMAL
" ¥HCA 4 - INTEGER ADAR -

' %VCA 4 -, ' *P0S 4 - , ' *REL 4 - , ' *COLR4 - , -
ER ER ER ' *CALL 4 - , ER ER ER'ER ER ' *RTUN 4 -,

7 *STOP 4 -, ? | :
' IF 4 - , '/ *ELSE 4 --, ' *ENDIF 4 - , ER ER ER ER ER

" %xPROC 4 - , ER ER ER ER ER ER ' =*END 4 -

?;1ock sets up an array of FORTH definition

;?n the form required by the Qord SEL . As can be

fthe definition above, the following opcodes are

thg.present,time:
0 fontal character
1 §cal character
2 Eition cursor
3 flace cursor_in relat1ve co- ord1nates
4 c t co]or
8 subroutine (un]mplemented)
14 regurn from subroutine (un1mp1emented)
15 t drawing diagram |
16 i B : o ;
17 else K- S \ ~
.18 endif

s R

24 subroutine header (unihplemented) 
31 end of diagram description
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BLOCK NUMBER 535 DECIMAL ~ 1027 OCTAL

BASE @ DECIMAL
. YDRAW 0 DCODE =

31 LIM = 0 1J = 1501 DIAGRAM @ 2 *'- DUP _
"BLARR BREAD 64 0 DO BLARR I + @ DARRA I 32 * + 31 +o=

LOOP 1 + BLARR BREAD
DIAGRAM 6 1 EQ O -LAWR IF 56 ELSE 57 THEN LRWR
BEGIN BLARR IJ @ + @ DUP Id 1+= F5B DUP 2DEEP

"ADAR SWAP 'SEL 31 - END-

1 CONSTANT ALL 2 CONSTANT TOP 3 CONSTANT MID

" 4 CONSTANT. MOB 5 CONSTANT CEN 6 CONSTANT MGP -

BASE = ;S

This block defines the word YORAW , which per forms the

of draw1ng a d1agram from a plcture descr1pt10n stored

in the array BLARR

0

The word YDRAW operates as follows:

. YDRAW
0 DCODE = "~ the variable DCODE indicates the
BN : o type of, diagram that is ‘on the"
screen, so that diagrams will not
be erased unnecessarily S
31 LIM = the variable LIM is set as 32, as a
safety precautlon when execut1ng
SEL
Iy = o | }”'the variable IJ indicates Wh]Ch

word of the p1cture descr1pt1on is
currently 1n use _



1501 DIAGRAM 2 + - DUP .

BLARR BREAD

64 0 DO BLARR I + -
DARRA I 32 * + 31 +
LooP

1 + BLARR BREAD

DIAGRAM @ 1 EQ
0 LAWR

IF 56 ELSE 57 THEN
LRWR .

BEGIN
BLARR IJ @ + @

LS

=~ " DUP IU 1+= F5B

DUP 2DEEP

i 5
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the  block . whose number  is

determined by the. . formula
1501-(2*DIAGRAM) .is read from the

~ disk into BLARR , as it contains

the screen pos1t1ons of the, names

of the devices displayed (diagram

numbers . start with 1)  Also,. an

" extra copy of the blocknumber is

left on the stack

»This-copies the screen positions of

the names of.'the devices whose
values are to be displayed in the

current diagram into the device.

descr1pt1on block

the fol]oW1ng “disk block is read,

ds it contains the required d1agram .
:descr1pt1on :

are we drawing diagram 17

before maklng this test, wr1te 0 to

the line address reg1ster

then wr1te either 56, 1f d1agram 1,

or 57, if any other diagram, to

line file register - zero:. this

selects - 64-character lines for .

diagram 1,”and . 48-character lines -

for all other diagrams.

. fetch . word. IJ from the‘»array

BLARR ; in’ other words,  the

instruction  in the p1cture
~description °~ currently be1ng“
_executed e :

maKe an extra cOPY. _increment, the

"program counter” Id , ‘and from
this copy remove the opcode part

make another copy of the opcode,

this is used ‘to -check. for the END.
instruction - (31) = but. place it

beneath the copy of 'the whole
instruction word on the stack
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ADAR SWAP SEL execute the routine indicated by
the opcode, which must consume the

S extra copy of the instruction word,
31 - END ; ¢ then repeat the loop,.unless a 31
s ’ is left on the stack... either an

END opcode or a fake one inserted
by the STOP instruction or the
error reporting routine

- Also - defined are vabbcéViatipns for the available

-diagrams in the form of constahts: TOP for -the diagram of

the top end, and so on.
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_*xx  BLOCK NUMBER . 537 DECIMAL 1031 OCTAL

BASE @ OCTAL

CODE /IRR S) LDA, BEGIN, 240 QTA, END,

BEGIN, 1340 SKS, END,

BEGIN, 1540 INA, END, S) STA,

BEGIN, 1640 INA, END, PUSH

: /IRD /IRR SWAP ; . ,
CODE !DSP S) LDA, SP IRS, IAB, S) LDA, SP IRS, IAB,
S) DIV, S) STA, IAB, PUSH

: DSP 2DEEP !DSP ;

: 'CNSET 1 SWAP 0 DO 2 * LOOP 2 / OCIR ;.

DECIMAL CODE L10S S) LDA, t0 LGL, PUT

: BRANCH DUP IF 1 - L10S 8192 + THEN BRSC ;

CODE LS1 S) LDA, 1 LGL, PUT : ~ :

: SHIFT 0 DO LS1 LOOP ;

DB WN OO UTWRN —

"BASE £ ;S

tThis block defines the word /IRD , which allows a |
‘dquble-precision CAMAC read to be performed immediately,
rather than as the result of a predefined CAMAC operafion.
Also defined are. CN%ET‘ and BRANCH , whiéh set crate and
branch numbers on reédest, and the wordeHIFTk , which has

the calling sequence:

“

w n SHIFT
and produces the result of w shifted n places .
o The word DSP is defined, with the‘ba1ﬁ<;;1222uence:
a b x DSP

‘and it divides the double-precision number (a,b) by x,
returning the remajnder at the top of the stack, and the

quotient just below.

ey
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BLOCK NUMBER 538 DECIMAL 1032 OCTAL

* ¥ %k
1 BASE @ DECIMAL
2 : REP 0 DO DUP LOOP ;
-3 40 SECTOR
4 4 ,CODE *+x/ 0, 0, 0, 0,
5 1 *x/ 1+ 2/ 2% 8 REP
6 SP-LDX, 2 1) LDA, 4 1) MPY, CSA, 1 + STA,
7 IAB, 2 + STA, CRA, SRC, ADA, STA, 2 1) LDA, 3 1) MPY,
8 DBL, ADD, STA, SGL, 1 1) LDA, 4 1) MPY, DBL, ADD, STA,
g SGL, 1 1) LDA, 3 1) MPY, .15 LLS, DBL, ADD, SGL, .
10 0 1) DIV, 3 1) STA, 2 + LDA, IAB, O 1) DIV, 4 1) STA,
11 SP IRS, POP. o :
12 CODE */M SP LDX, 1 1) LDA, 2 1) MPY, 0 1) DIV,
13 1 1) STA, IAB, 2 1) STA, POP b
14 -
15 4 INTEGER GCAR 3 , 5, 2, 7,
16

BASE = ;S

This block defines the array GCAR , which contains the
colors used for‘;he difféfent;gases that can be used in the
ion source:fred for hydrogen, 1light blue er deufebium,
purple\ for Helium-3, green for Helium-4, and white for an
unknown gas, or B

-A]éb,‘the word REP with the calling sequence:

"X n REP

{
\ v

is defined, which places n extra.copies of x‘ on the stack
(in addition to the original, which is not removed) .
| The words **/ and */M are defined in assembly language,
for perfofming double-precision arithmetic. The word ¥/M has
.the calling sequencé:l |
abec /M
and ‘performs the arith;etic operation a*b/c, where a*b is

allowed to be in double-precision form, returning the

quotient at the top of the stack, and the remainder just
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‘below.
The word *x/ has the calling sequence
abcdn **/
and‘ retufns as a double-precision number the product of

(b,a) and (d,c), divided by n.
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+xx  BLOCK NUMBER 539 DECIMAL 1033 OCTAL
BASE 6 DECIMAL

1
2 58 SECTOR
3 5 ,CODE'*D// 0, 0,0, 0, 0, o
4 ' *D// 1+ 2/ 2 % 16 REP : ‘
5 SP LDX, 3 1) LDA, 5 1) MPY, CSA, 1 + STA, IAB, 3 + STA,
CRA, ’ . T
6 SRC, AGA, STA, 3 1) LDA, 4 1) MPY, DBL, ADD, STA, SGL,
7 2 1) LDA, 5 1) MPY, DBL, ADD, SGL, CSA, 1 + STA, IAB,
8 2 + STA,.CRA, SRC, AOA, STA, 2 1) LDA, 4 1) MPY, DBL,
ADD, . '
9 SGL, 1 1) DIV, STA, 2 + LDA, IAB, 1 1) DIV, 1 + STA, -
3 + LDA, ' '
10 IAB, 1 1) DIV, 1 + IMA, IAB, LDA, 0 1) DIV, 4 1) STA,
11 1 + LDA, IAB, 0 1) DIV, 5 1) STA, SP IRS, SP IRS, POP.
12 CODE DIC S) LDA, CMA, S) STA, SP LDX, 1 1) LDA, = .
13 -CMA, ADA, CSA, 1 1) STA, CRA, SSC, AOA, S) ADD, PUT
14 : -- DTC ++ ; '
15 BASE = ;S
16 '
This block defines the double precision subtraction
operator, -- , and the operator *D// , which has the calling
sequence:

/

mnab *xD// |
and puts on the stack the result of the arithmetic operation
({m*n)/a}/b, where both m*n and m*n/a are allowed to be in

double precision fbrm.

X
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OCO~NOUTBWN —

10

BLO
BASE
1 INT

: ECA
OVER

5727

OVER
48 0
1000
49 0

1

. BASE

This

CK NUMBER™ 540 DECIMAL 1034 OCTAL

® DECIMAL .
EGER QPA : .
LC DUP QPA = 10000 Swap / 10 =D//

OVER 20000 1000 *D//

140 10000 1000 *D//

OVER OVER OVER 20000 10000 *D//:-
++ 1 0 100 **/ -- \
1000 *D// . '

++ 1 0 100 *x*/

1n
w
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b]ock defines the word ECALC , which calculates

the beam energy from the NMR reading, assuming that the NMR

reading is that of the analyzing magnet, that it is correct

{which will not be true if‘the NMR magneiometer is in manual

~ mode), and that the particle~in}use} and its charge, are

Known.
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* ¥

*

© BLOCK NUMBER 541 DECIMAL 1035 OCTAL

BASE @ DECIMAL o
0 CONSTANT NX ‘ NX CONSTANT XN 0 CONSTANT NZ
" NZ:CONSTANT ZN . » |

0 CONSTANT NY ¢ NY CONSTANT YN 0 CONSTANT NS

" NS CONSTANT SN C |
0 INTEGER DORDA 512 DP += DORDA 64 + CONSTANT DVALA
DORDA 192 + CONSTANT DMESA |

DLYX DELY 3 4 5 * = DROP ;
. STEU BR4 1 OCIR NX 2 + @ WCO 7 0 DO DLYX LOOP
: SDST NZ =
: DST NZ DUP 2DEEP = 1 + = ;
: *MUX STEU RCO SDST ;

*NMR STEU RCOD /CTOH DUP 0= IF DROP DROP ELSE DST
THEN

12 OCTAL 37777 CONSTANT CNMASK DECIMAL
13 : GADR NX 2 + @ ;

14 : ADSET GADR DUP 4096 / BRANCH DUP 512 / 7 AND CNSET
{5 32 * CNMASK AND 0 FCNA ;

16 BASE = :S

A —

~OW@UDUTE W

—t —

@

This bTéck ~defiﬁes severél words. belonging to. the .
actualA'console scanner program itself. The var1ables NX
NY , NZ , and NS:‘are def1ned to have both an INTEGER and a
CONSTANT form and are~used t0'1ndex»four d1fferent tab]és
for the entr1es they conta1n for the def1ce currently be1ng
scanned. Also, the ‘word STEU is def1ned4 whlch prepares for
reading a .dévice by setting up fhe bfanch and 'créte
addresses, as well as.executing a short delay'reqUired»to
“ensure a successful read from the CAMAC interface'

The words SDST and DST are defined, wh1ch ‘store one or
two  word results from dev1ces in the array containing their
most recent valid readings, and the words *MUX and *NMR are
defined, “which read either a standard multiplexeﬁ device or

the nuclear magnetic resonance magnetometer respectively.‘



137

* ¥k .BLOCK NUMBER 543 DECIMAL 1037 OCTAL

BASE e DECIMAL '

DVALA 14 + CONSTANT MGV DVALA 32 + CONSTANT MNR
DVALA 12 + CONSTANT MGT DVALA 46 + CONSTANT MTI

;. *ADC ADSET /IR bup 047 > IF 2048 SWAP - THEN SDST

© GASE GCAR + @ GCOL = ;

: *GTY BR4 1 OCIR NX 2 + @ 4 0 DO DUP

I + WCO 7 0 DO DLYX LOOP RCO BUP 0= IF DROP ELSE
MGV = 1 DUP MGT = GASE THEN LOOP DROP ; .

10 TST‘NZ DUP 2DEEP = DUP 2DEEP 1 + = 2 + = ;

11 0 14 0 /CNA O /R2 ATIM 0 14 1t /CNA O /R1 BTIM

12 . *CLK BRO 1 OCIR ATIM BTIM TST ;

13 : *PCA STEU RCOD /CTOH. 100 DSP DUP 8 > IF DROP DROP

ELSE .
14 QOVER 1000 / 1 > IF DROP DROP ELSE SWAP DST THEN THEN
15 - : *SWR 'ADSET /IRD /CTOH DST : *GVAL

16 BASE = ;S

This block defines four INTEGER type variables that
'frefer to f1xed locations in the table of parameter values so ‘

~that = the level of gas flow, ‘the NMR read1ng, the gas type,}

and the'current time may all be easily accessed; also, it
defines the words *ADC *GTY , *CLK , *PCA , and *SUR -,
whichEread, respectively, an A/D converfér-channe]{ theztype
of 'the‘ gas inEuse, the curréﬁt time, the picoammeter, and
‘one of the switch registers. Actually, =*=ADC anda *SWR are -
general sing]e and double precfsion CAMAC.réad'functions,.
respectively; their names only identify their firét uses in

the system.
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* ¥

BLOCK NUMBER 544 DECIMAL 1040 OCTAL

*

BASE @ DECIMAL ' | |

58 INTEGER RMAR 20754 , 57 , 7809 , 85 , 23581
113 . 25050 , 85 , 23070 , 113, 24539 ,

305 INTEGER RRAR. 8449 , 162 , 23254 , 108 , 21218,
81 08315 , 108 , 21866 , 81 , 28683 ,

. AFET 2 % DUP RMAR + 1 + @ SWAP DUP RMAR + @ SWAP DUP

RRAR + 1 + @ SWAP RRAR + @ MNR 1 + © MNR @ ;

."QST NZ DUP 2DEEP 2 + = DUP 2DEEP 3 + = DUP ODEEP

= 1+ =

; vene MGT 6 DUP 4 EQ IF ELSE DUP AFET 7 FIND
¢ IF 1 ECALC DST DROP |
§§E 1 ECALC ROT 2 + AFET 2 ECALC QST THEN THEN ;

P

BASE = :S

‘This block defines the arrays RMAR and RRAR -, which
contain ‘fhe rest masses and the reciprocals of the rest
masses of the six poSsible jons that are hormale used in

the acce]eratorf -singly 1on1zed hydrogen ~and deUterigm;

"-"singly and doubly ionized Hel1um 3, and singly - and‘-doubly"

1on1zed Helium-4. Predef1n1ng the rec1procals as well as the
rest masses themselves avoids attempt1ng to obtain, within
FORTH, the double-precision rec1procal of a double- precision
number thus sav1ng some time.

Also defined: in th1s block is the word QST , ‘which is
used 11Ke SDST and DST to return a value, but in this case a
four word value, and the word *ENE , used to read the ;
~energy, which is a pseudofdev1cefwhose reading is calculated
from the current NMR reading and the gas chrrently in use.
1f either isotepe bf-helium is in use, the energies for both

the singly and _doub]y‘ ionized forms .of the gas are



: calculated. The Word AFET is defined to place the rest mass

and reciprocal. rest mass of the ion in use on the stack in

the form needed by the word’ECALC .

-
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* %

*

BLOCK NUMBER - 546 DECIMAL 1042 OCTAL

BASE @ DECIMAL A

: CONV BEGIN BASE @ /MOD SWAP 3 FIND SWAP 1+

SWAP DUP END DROP :

: DBLCONV 3 FIND 4 + 2DEEP 10000 DSP OVER IF

4 FIND 4 0°DO DUP. I + O SWAP = LOOP DROP

2DEEP CONV 2DEEP CONV DROP ELSE :

2DEEP DROP DROP CONV.THEN ; , .

0 INTEGER DCVRA 11 DP.+=

: DCO DCVRA 2DEEP DBLCONV DCVRA - ;

0> 0< 0=

+ SPFILL 12 0 DO -16 DCVRA I +.= LOOP

NX 21 + @ 1 MAX 0 DO 0 DCVRA I + =-LOOP ; :
"+ SCO DCVRA SWAP DUP 0< IF ABS CONV DCVRA NX 21 + @ +
MAX DUP -3 SWAP = 1 + DCVRA - ELSE CONV DCVRA - THEN :

—L—L—L—L—-L.
OB WON 2 OO UTWRNY —

© ek amd
»

BASE = ;S

T‘hisb&block defines the words CONV and DBLCONV , used
for ¢onverting.numeric'values into separate digits that may
be subsequently ‘displayed on the color d1splay, and words
.SC0 and DCO which. call them, handling their ca]11ng

‘sequences .
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R 547 DECIMAL 1043 OCTAL

CKS 2 = 1 + 1 TYPE ;

i T ANT DEV
R DEV IF OVER + IMWR ELSE DUP 32 ¢ IF
FTHEN LETR THEN ;

14 iLL 12 0.DO 0 DCVRA I + = LOOP ;
16 “BA )
This g%-ck defines the word LETR which Write$  a
" the teletypewriter, and. the word DVWR',~Whiqh

f,character!
' writes a~§haracter to either the color displéy or . the
teletypewriter, depend1ng on the value of DEV . Also defined
is the word ZFILL , which complements the word SPFILL .
prev1ously def1ned by f1111ng part of the output convers1on

buffer w1th Zeroes rather than spaces.
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* ok BLOCK NUMBER 548 DECIMAL 1044 OCTAL

I BASE € DECIMAL -
27 SECTOR HERE 63 , CODE CFET FETCH ANA PUSH
3 : Px NX 31 + 0 7 + TRWR : |
4 : NAMER NX 22 + 2 * IP = NX 31 + @ CRWR
5 NX 26 + 0 - —
"6 6 0 DO DUP CFET. + IMWR LOOP DROP ;
7 'DCVRA 5 + CONSTANT DVRX
8 : S# 6 0D0ODVRX 1 - @ 48 + DVWR_ »
9 1 5NX 21 + @ EQ IF 46 DVWR THEN LOOP DROP ;
10 DCVRA 8 + CONSTANT DVXR :'D¥ 9 0 DO DVXR 1 - @ 48 +
1 DVWR 18 NX 21+ @ - EQ IF 46. DVWR THEN o
12 LOOP DROP ;
-3
4
15 /[
16 BASE = ;S

'ThiS‘ b]ockh'defines thé word Px which positions the

"cursor on thé color d1splay where it should be to diép]ay'

the value read from the devxce current]y being scanned by'
the console: scanner, hereinafter reffered to as the -current
deVice.

Also, it defines the wordkﬁﬂ , which displays,a single

precision,numbef on the screen, a%a the wgrd D¥ which does

the same< for -a double precision number, inserting an.

Optlonal decwmal po1nt as well as a minus sign 1f required'

As well NAMER , used to wr1te the short six-character name

of-a‘dev1ce on the screen,xvs.deflned here.

‘



143

+x+  BLOCK NUMBER . 549 DEClMAL 104570CTAL '

BASE @ DECIMAL
: *ENERGY MGT @ 4 EQ IF ELSE NX 31 + @ 6 + DUP CRWR
SPFILL NZ DUP @ SWAP DUP 1.+ @ ROT DCO DROP
NX 26 + @ DUP D# SWAP SPFILL
- MGT @ 2 = 7 - ABS 2 < IF
ROT 11 + CRWR DUP 3 + @ SWAP 2 + @ DCO DRDP
_D# ELSE DROP DROP DROP THEN THEN ;' :

L ePICO NX 31 + 6 6 DUP CRWR SPFILL
NZ DUP @ SCO DROP NX 26 + @ DUP S# SWAP
SPFILL ROT 6 + CRWR 1 + @ SCO DROP S# ;

OUBWN OO IOUTAWN —

BASE = ;S

This block defines the words *ENERGY and *PICO , which
are‘used'to display thé values’of'ithé energy .and of the

picoammeter, respectively.-

.8
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. BLOCK NUMBER 550 DECIMAL 1046 OCTAL

BASE & DECIMAL :

? &DPI SPFILL NZ DUP 1 + ® SWAP @
DCO DROP NX 26+ @ D#

© &SPI SPFILLNZ @ NX 20 + @, =

SCO DROP NX 26 + 6 S# ; .

. V# DO DVRX I - @ 48 + DYWR LOOP DROP :

¢ &TIME BASE @ HEXADECIMAL SPFILL NZ DUP
‘1 + @ SCO DROP NX 26 + @ DUP S# 58 DVWR ZFILL

OVER 2 + @ SCO DROP DUP 4.2 V# 58 DVWR DUP 6 4 V#
46 DVWR "SPFILL SwAP @ SCO DROP DUP 6 5 V# ,
32 DVWR 5 2 V# BASE = ;

: *TIME NX 31 + @ 6 + CRWR &TIME ;

 *DPI NX 31 +.@ 6 + CRWR &Pl ; : *SPI Px &SPI ;

BASE = :§

~ This block defines the words *TIME , *SPI , and *DPI

which are used to display the time, a’singlé precision

value, and a double precision value respectively, as well as

the word V# , used to display pieces of the output

“conversion buffer, and &TIME , &SPI , and &DPI , which omit

cannot serve a dual purpose.

cursor positioning and thus are used in the header portion

of printed 1ogouts of beam conditioris, where display cddé

v

0
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* k% BLOCK NUMBER 551 DECIMAL 1047 OCTAL

.1 BASE @ DECIMAL
2
3
4
5 |
6 ' *MUX-4 - INTEGER SADAR A '
7 ' *SWR 4 - , ' *NMR 4 - , ' *ADC 4 - , ' *PCA 4 -,
8 ' *=CLK 4 - , ' *ENE 4 - | ~
g ' *GTY 4 - , ' *GVAL 4 -
10
11
12
13
14 : RESTO BR4 1 OCIR ; ,
15 : QSCAN SADAR SWAP SEL RESTO ;
16 BASE = ;S |
This block defines the word QSCAN , which uses the
- : , ,

array SADAR , containing the addresses of the various device
read routines, to read the currentvdevice given its general

tYpe as a number from zero to eight.
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BLOCK NUMBER 552 DECIMAL 1050 OCTAL

*
*
*

BASE @ OCTAL 10 SECTOR HERE DUP DUP 1 + 7000 , DECIMAL

63 , CODE CACQ FETCH ANA, ADD, PUSH CONSTANT COLOR

© STYPE SWAP IP = 0 DO CACQ IMWR LooP

© SAY COUNT STYPE :

: &ENERGY MGT @ 4 EQ IF ELSE SPFILL NZ DUP @ SWAP DUP

1+ @

ROT DCO DROP O D# SPFILL MGT @ 2 * 7 - ABS 2 < IF DUP

3+ @ SWAP 2 + @ DCO DROP O D# ELSE DROP THEN THEN :

© &PICO NZ DUP 2 1 + ? :

OCTAL 74000 INTEGER GCLS 31000
10 16000 ., DECIMAL 7
i1 # P D HE3  HE4  NONE # GNAMES
12 GNAMES 1 + CONSTANT GNAMES
13 : NDIS 2 + IP = Px 6 0 DO DUP CFET 63 AND +
14 IMWR LOOP DROP :

15 : *GTYPE NZ @ DUP GCLS + € SWAP 3 GNAMES + NDIS :
16 BASE = :S

OOW~IN OB WN) —

. 65000 , 20000 |

This\b]ock defines the words &ENERGY and &PICO , which,
because ‘they. print more than one number, have to be
redefined in full for printing purposes, the word SAY
which typés a mességé on the screen, ahd‘the word *GTYPE
which displays the type of gas in use by pr1nt1ng its name

on the screen (or the teletypewr1ter)
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exx  BLOCK NUMBER 553KDECIMAL 1051 OCTAL

1 BASE @ DECIMAL
2 0 INTEGER CLO 0 INTEGER TCR 0 CONSTANT UVR
3 2 CONSTANT NH
4 - CLL NZ 1 + @ SS4 0= IF DUP CLO @ XOR NH AND IF
5 * UVR = THEN THEN CLO = ;
6
7
8
9 x]
10
11
- 12
13
14
15
16 BASE = ;S
This block defines the word CLL , which causes a

printed logout to take blace every'twd‘hours (changing the
'value of the_constanf NH to another power of two can change

this) 1if sense swifch‘four is set. This is the only control
: b
action currently defined in the system.

o
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ok BLOCK NUMBER 554 DECIMAL 1052 OCTAL

BASE @ DECIMAL :
' DROP 4 - INTEGER CADAR
' CLL 4 -,

COONPBWN 2 OOWONOUITEWRN —

: CONTROL 1 LIM = CADAR‘SWAP SEL ;
BASE = ;S :

This block defines the word CONTROL ., which selects the
appropriate control -action for the current devicé and

executés it.



149 .

#+%  BLOCK NUMBER 557 DECIMAL 1055 OCTAL
BASE @ DECIMAL |

15 : ALARM DROP ;
16 BASE = ;S

~This block defines the word ALARM , which selects the
‘appropriate user signalling action for the current device

and executes it. At present, it is'a'dummy'routihe.
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#xx  BLOCK NUMBER 558 DECIMAL 1056 OCTAL

BASE © DECIMAL .
: TCTRL DUP 2 AND IF NX'3 + @ ALARM THEN
1 AND IF NX 4 + ® CONTROL THEN

' xSPI 4 - INTEGER DADAR
' %DP1 4 - , ' *PICO 4 - , ' +TIME 4 - |
+*ENERGY 4 - , ' *GTYPE 4 - |,

: DISPLAY DADAR NX 5 + @ SEL ;

0 INTEGER Xu
BASE = :§

|
This block defines the word TCTRL ; which tests to see
if either control or alarm actions are reauired. and if so
calls one or both bf tﬁe words ALARM and CONTROL . Also, the
word DISPLAY is défined,, Which, séledts _the - appropriate

display routine from the list DADAR and calls‘that routine

to display the Qal@e read from the current device.
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BLOCK NUMBER 558 DECIMAL 1056 OCTAL

" BASE © DECIMAL

1 .

2 0 INTEGER JAR 0 , 0 ,

3 | ;

4

5

6 : &GTYPE NZ €@ 3 =*- GNAMES + 2 * 6 TYPE ;

7 BEAM CONSTANT LARA '

8 LNPR LARA Xy @ + 1 + 2 * 16 TYPE BL D ‘ ’ .

9 :’UPR LARA XJ @ + 9 + 2 x 6 TYPE ; - ' 4

10 ": NPR NX 22 + 2 x 6 TYPE BL 4 ‘
11 ' &SPI 4 -. INTEGER PADAR :

12 &DP1 4 - , ' &PIGD 4 - , ' &TIME 4 - |

13 ' &ENERGY 4 - , ' &GTYPE 4 - , . .

14

15 PNUM PADAR NX 5 + 0 SEL ;

16 BASE ;S . .

This block defines the word &GTYPE , which prinis the

current gas type, and the word PNUM -, which is the

teletypewriter analog of DISPLAY .
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«x*  BLOCK NUMBER 562 DECIMAL 1062 OCTAL

{  BASE @ DECIWAL 0 INTEGER NFLAG
2 : SCAN 0 SN =
3 BEGIN DORDA NS + @ DUP 32 » DARRA + XN = DUP -
4 5 x DMESA + YN = 2 * DVALA + ZN = NX DUP @ DUP 0<
5 IF 32767 AND OVER 31 + @ 0> DCODE € 0= »
6  IF 1 .
7 ELSE DUP 7 AND S
8 IF 0 1 ELSE 0 THEN THEN
9  IF ROT 1 + © 8 LIM = QSCAN
10 IF 5 LIM = »
11 DISPLAY THEN
12 - TCTRL f

13 ELSE DROP DROP 1 THEN -
14 ELSE SWAP DROP 8 - THEN. 1 SN +=

15 'END ; =

16 'BASE = ;S

8

This block defines the word SCAN . This  word is the
“inner - loop of the consoTe scanner; it is this werdﬂthatv
steps through all the dev1ces 1h order - each one . becoming
the - current device in turn, first fetchtng the infdrmation
about the current dev1ce from the approprlate tables, then
read1ng the dev1ce, and subsequently call1ng the routlnes to
display its value, check for alarm\or control actions to ’be
done, if sUCh tactionsA are requeSted"by the device
'description block entry for that device.

~ The word SCAN functions as follows:

; SCAN
0 SN

'start from the beginning of the
table giving the device description

- table position of the devices to be
scanned, in the order of scannlng
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BEGIN outermost loop

'DORDA NS +  Get -the’ devﬁce” description table
o : position of the current dev1ce from
the array. DORDA :

DUP 32 = DARRA + XN set - up XN (CONSTANT form NX ) to

= ~ point to the start of the device
description table "entry for the
current. device

.DUP 5 * DMESA + YN = set up YN (or NY ) to point to the
' : area of the message array DMESA.
used for the activity flag, the
device pre-emption flag, the
priority - number, the mailbox word,
and the future dev1ce pre-emption
flag associated with the current
device ' o

2 * DVALA + ZN = set up ZN (or NZ } to point to the
‘ ‘ -two words of the array DVALA used
for the value read from the current
: o device. (The device ENERGY, which
PO : o has ~a  four-word value, has a.
position adjacent to a device with
no value to place in this array.)

~NX DUP @ DUP 0< Now on the stack: a one .f the
: first bit .of the current device's
device description table is set,
and a zero otherwise, in which case
the device is not scanned; a copy
of the first word of the device
description table entry belonging
to the = current device; and a
pointer to the device description
table entry of the current dev1ce

IF o if the first number_mentloned above
: is 1, proceed to scan the current

device '
32767 AND strip the first bit from the copy

. of the first word of the current
‘device’s device description table

: try
ﬂ ,/ en’




“OVER 31 + @ 0>

DCODE @ 0= *
IF

11

ELSE

DUP 7 AND
IF

0 1
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get a copy of the pointer to the
current device's device description
table entry, and-use it to fetch a
copy of word 31 of that entry; this

memory location, set up by the word
YDRAW , defined in block 535,

contains either the cursor location

for writing the name of the turrent
device on the screen, or -1 if the
device 1is not to: be displayed:
thus, = the word 0> is used to get a
logical flag indicating whether or
not to- attempt display of the
current device LV

verify that DCODE is zero: if not,
the color display is being used for
a different purpose, and no devices
are to  have their readings
displayed ' ’

is the currént device to be
displayed? R

place two ones on the stack to -

‘indicate this to the next part of

the program if so

%
otherwise R
examine the last three bits of the.
first word - of . the device
description table entry for the
current device: these bits indicate .
if this device is to be scanned
even if its vdlue is not displayed
and no control and alarm actions

are initiated by it, if alarm . .

actions are to be taken in response,

- to readings from this device, and

if control actions are to be taken
in  response to readings from this
device. In each case, a 1 ‘bit
indicates that the action is to be
performed. o s

if any of these bits are nonzero,

indfcate that scahning, ‘but. not
display, is to take place



ELSE

THEN
e
ROT 1 + @

IF

© DISPLAY
THEN
TCTRL 1.

ELSE
S DROP DROP 1
?f ! o THEN
ST ELSE -

,” p | SWAP DROP 8-

8 LIM = QSCAN
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otherwise - -

indicate that scanning is not to

take place

is‘scanning'tOQtake place?

if so,. take the pointer  to the

.current device description ‘table
- entry, and use it to obtain a = copy
of word 1 of that entry (its second

word) ‘ -

that word contained the :general
type of the device for the purpose™
of reading its value; thus, QSCAN
is used to perform the read

is the value to be displayed? B

display it

.fest forvahd perform control; then

leave a 1 on the stack to indicate
that scanning is to continue

}_if‘display does not take blace

- discard unneeded data

if‘scannfng'doés~not taKe'place

]*if word zero of the device

description table entry associatted
with this “device is equal to 8,

‘this ;is a dummy device used to
“indicate the end of the list

V%

step to next device



“END

- v 156, "
‘\v\ A

unless last device,
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R

*
¥*
*

: Btobk NUMBER 564 DECIMAL . 1064 OCTAL

BASE @ DECIMAL .
. DLL ‘1000 0 DO DLYX LOOP
0 CONSTAND UVX ,

TINT ExSTL ?2QV : , o S
IF DL 0 EXCL -~ - S o -
ELSE .UVR - . i L i

IF 17 yvx =0 : o
ELSE 1 S SR , R
THEN ' R : o
THEN

’

PG P O G G |

BASE = ;5

This block defines the WOrd TINT , which tests  fof a '
‘Look-at Me signal frpm the color display Cohtroiler :
" resulting from the user pushing the red button attatched to

its external LAM input}
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**x  BLOCK NUMBER 565 DECIMAL 1065 OCTAL
BASE @ DECIMAL

1
2 .
3 OCTAL 7000 INTEGER ALCAR 60Q0 , 2000 , 5000 , .

4 3000 , DECIMAL | ,
5 0 INTEGER CPTR : RTYPE ALCAR CPTR @ + @ COLOR =

6 STYPE CPTR 1+= CPTR @ 4 > IF 0 CPTR = THEN ;

7 1 TVSL 0 LAWR 65 LRWR SERS 0 CPTR =

8 BLK = 17 1 DO1 LINE 1 t - 128 *

9 2 0 DO OVER OVER CRWR 2 * 16 RTYPE

10 OVER OVER 24 + CRWR 8 + 2 * 16 RTYPE

11 64 + SWAP 16 + SWAP LOOP DROP DROP LOOP

12 ECUR EEXTCUR ; |

13 : MVH MINUS MOVE ;

14 : CRD BLARR BREAD BLARR DVALA 128 MVH ;

15 : CSV DVALA BLARR 128 MVH BLARR BWRITE ;

16 BASE = ;S *

¢ ' | | —~
, o : :

. This block.dé?ings the array ALCAR , containing the
colors USed; for display of the various’gas names, a block
move subro&tine,ﬂMVH-, with a calling sequence impro§ed over

| that of ‘the one provided in the system, and the words CRD
and CS¥ ,7which read and savé machine conditions on the
disk. ﬁ t | ‘

Also defined is the word TVSL , which is used in
displaying menus of alternatives on thé screen, from which
the user makes a choice .by moving the cursor and then
pushing the red External LAM Input buttoh connected to thé

color display controller.,

-~
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BLOCK NUMBER '567 DECIMAL ~ 1067 OCTAL

’

BASE & DECIMAL

This block deflnes a number of messages printed by

DIAGRAM?# DM1

BLOCK NUMBER?# DM3
INTEGER MDP '
WHAT YEAR. 1S THIS?# YM1
GAS TO BE USED:(P:1/D: 2/HE3 3/HEA: 4)# GM1
BELT TIME# TM1 &
PROBE TIME# TM2 |
TUBE TIME# TM3
RF DEFLECTION TIME# ‘TMA4
# UM1

PROFILE:HORIZ{O), VERTT1) OR FID(2)# FM1
TO/FROM CHANNELS FOR(PLOT# FM2

BASE = :S

159

the

computer, either in dialog with the wuser or in pr1nted

logouts.
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BLOCK NUMBER 568 DECIMAL 1070 OCTAL

BASE @ DECIMAL o

# RADIATION LEVELS (MILLIRADS/HOUR)# RM1
#-0LD TARGET ROOM CONTROL ROOM STUDE
NT STUDY FENCE# RM2 .

# NEUTRONS# RM3

# GAMMAS# RM4

BASE = ;S | o \

This block defines more messages used in printed

logouts.
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BLOCK_NUMBER 569 DECIMAL 1071 OCTAL

* Xk

*

1 BASE @ DECIMAL

2 . %CONSA DM3 COUNT TYPE

3 BEGIN BEGIN ?? DUP 2000 < END DUP 5000 > END. CSV 13
4 -: %GAS MDP @ @ GASE 1 ; . ~

5 . YDIAGRAM MDP @ @ DIAGRAM = 1 ; ’

6 : %STOP 0 0 ; , y

7 < r
8 %PROPLO 2 LIM. = FM1 COUNT TYPE ?? 301 LOAD

9 2 DCODE = 1 ; '

10 ©L

11

12

13

14

15 BASE = ;S

16 .

This block defines wbrds'that perform actions such as
respecifying the diagram to display, or the gas in use,«-in

responsé to user requests through the menu.
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s++  BLOCK NUMBER -~ 571 DECIMAL 1073 OCTAL

1 BASE © DECIMAL
2 .0 CONSTANT YC .
3 : MOCOMP 16 / DUP 16 / 6 * - DUP 160 / 60 * -
4 59 - YC - DUP 1 C IF YC + 365 + THEN
5 DUP 2 * 1 - 5 * 306 / SWAP OVER 4 * 2 - 153 = 5 /
6 63 + 4 / - SWAP
7 # MAR APR MAY dUNEdULYAUG SEPTOCT NOV DEC JAN FEB #
MARA

8 MARA 1 + 2 * CONSTANT MARA '

9 : GREG DUP 100 MOD 0= IF 100 / THEN 4 MOD 0=,

0 ,

1 . DATE MTI @ MOCOMP 3 F = 4 = MARA + 4 TYPE . ;
;- DAY MTI 3 + @ DUP GREG ' YC = DATE 5 F =-. ;.

BASE = ;S

162

This block defines words used for converting day

giveh the year.

"mebers for a year into dates of the form month/day/year,
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SLOCK NUMBER 573 DECIMAL 1075 OCTAL

BASE @ DECIMAL .
0 INTEGER CP # _ # NSPA "
. SETAB 3 0 DO NSPA COUNT TYPE LOOP 155 LETR 177 LETR

NSPA COUNT TYPE 155 LETR 177 LETR ;

. TAB 137 LETR DLL ; , .
. LSP CP @ IF TAB ELSE CR THEN 1 CP @ - CP =
© USC CR CR UM1 COUNT TYPE TAB UM1 COUNT TYPE

CRCRCR; =

BASE = ;S

This block céntains words that' use the"tabulator

feature of the Anderson-dacobson 860’te]étypewriter terminal

to speed up production of printed Jlogouts by setting up the

required tabulator stops.
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*
*
*

BLOCK NUMBER. 574 DECIMAL , 1076 OCTAL

1 BASE @ DECIMAL
2 : LOGOU CR SETAB CR o
3 0’ DEV = DAY -CR MTI DUP ZN = DVALA - 16 * DARRA + XN =
-4 &TIME CR CR
5 TM1 COUNT TYPE TAB TM2 COUNT TYPE USC
6 TM3 COUNT TYPE TAB TM4 COUNT TYPE USC ‘
7 7TF=0XJ=1CP = BEGIN LARA XJ @ + @ DUP
8 2 x DVALA + ZN = DUP 32 * DARRA #+ XN =
9 0 DMESA =-0< IF LARA XJ @ + @ -1 = 1. - DUP 0= 0=
-10 IF LSP THEN ELSE LNPR 5 LIM = PNUM BL UPR LSP f
11 THEN 12 XJ += END 1 * DEV = CR CR CR RM1 COUNT TYPE
12 CR CR NSPA COUNT TYPE RM2 COUNT TYPE CR CR . -
13 RM3 COUNT TYPE CR CR RM4 COUNT TYPE. 17 0 DO CR LOOP ;
14
- 15

16 BASE = .5

This block defines the word LOGOU , which®acts in a
manner somewhat analogous to that of the word SCAN to print

out .a record of machine conditions.

. LOGOU

| N - - o .
CR SETAB CR ‘ ~ return  the carriage, set the
o . : teletypewriter tabulator stops, and
return the carriage again to begin -
printing : .
0 ' DEV = indicate that output is directed to
: ' ~ the teletypewriter and- not the -
- color display ' -
DAY S | print the date ,
MTI DUP ZN = DVALA - set both value storage and device
16 * DARRA + XN = . ~description block pointers for the
' o ’ ‘clock o :
&TIME CR CR " print the time of day, leave a

blank line



TM1 COUNT TYPE TAB.
TM2 COUNT TYPE USC
TM3 CQUNT TYPE TAB
TM4 COUNT TYPE USC

7F =

-0 Xd

1 CP

"BEGIN
LARA XJ @ + @

DUP 2 * DVALA + ZN =
DUP 32 = DARRA + XN =

0 DMESA =
0< IF

LARA XJ @ + @ e -
DUP 0= 0
"IF LSP THEN

ELSE
LNPR 5 LIM = PNUM

o7 .
165

print spaces, appropriately
labeled, for the operator to write
the belt ‘time, tube time, RF
deflection time,y and -probe time
from the cumulative time meters in
the console '

use seven spaces, 'hOrmally;‘ for
directly printed '~ numbers, as
opposed to numbers pr1nted through .

-DVWR .
~‘_start with the firsf device

‘_bn the left-hand column of the page

‘get the element of the logout array

corresponding to the current device

set up the value storage pointer.

~and the " device descr1pt10n table

poxnter

clear message from dev1ce zero, the
operator ,

if the address " of the current
dev1ce is negat1ve . :
¢ A

make it pos1t1ve, and subtract one,
so as to obtain a zero for -1, but
a one for -2; mgftl sure that the
result is indeed 0 6r 1 for the top
copy; on -1, a.zero is.placed on
the stack to. 1ndlcate the end of
the logout' on -2, ‘

space one field before'prlntlhg the
value from the next device in: the

.sequence

if the addréss is positive,

print the name of the dev1ce. and
its reading



BL UPR LSP 1

THEN.

12 XJ +=

END

1/ DEV =. |
CR CR CR RM1 COUNT

TYPE CGR CR.NSPA COUNT

TYPE RM2 COUNT TYPE CR
CR RM3 COUNT TYPE CR
CR RM4 COUNT TYPE

17 0 DO CR LOOP ;

166

space to the ' next printing

- position, . and “indicate that a

device has been read .

proceed to the next device -

repeat loop, unless end of list is
reached ' ‘

restore the device type indicatar

type more messages, appropriately
spaced, to provide an area in which
the operator. may write down the
current radiation levels in various
areas, R s

finally, proyide enobgh space soO

that the whole thing fits neatly on
~one page between the perforations

in the paper
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++x  BLOCK NUMBER 575 DECIMAL 1077 OCTAL
\

.1 BASE © DECIMAL
2 1 %LOGO 1993 LARA BREAD 1994 LARA 512 + BREAD
3 LOGOU 1 ;
4 ¢ %GAS 4 - INTEGER MRADAR
5 ' YDIAGRAM 4 - , ' %STOP 4 - , ' %CONSA 4 - |
6 ' %LOGO 4 - , “ %PROPLO 4 - ,
: ‘
8 |
9 IR T ‘
10 : CMENU 5 LIM = MRADAR SWAP SEL ;
1 : . | |
12
13
14 .
15 ~
16 BASE = ;S

This) block defines the word CMENU , which handles
response to user responses to the _menufyﬁispléyed‘ on  the

color screen.
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*xx  BLOCK' NUMBER 577 DECIMAL 1101 OCTAL

- BASE @ DECIMAL
. SINT DCODE @ DUP 1 EQ IF uvx IF 1 ELSE
DROP DEXTCUR DCUR
1991 BLARR BREAD - |
CRRD DUP 64 / SWAP 63 AND 23 > 27 = + BLARR + DUP
256 + MDP = © CMENU DCODE @ 2 EQ IF ELSE SERS 0 DCODE =
0 THEN THEN ELSE 2 EQ IF UVX IF 1 ELSE 1.0 THEN |
ELSE UVX 0= |
IF SS1 IF SS2 IF SS3 IF - -
1 DCODE = 1980 TVSL 23 CRUR ECUR EEXTCUR .1
ELSE LOGOU 1 THEN -
ELSE DM1 CQUNT TYPE ?? DIAGRAM = 1. 0 THEN
"ELSE 0 0 O THEN
ELSE TCR @ O= IF 0 ' UVR = LOGOU THEN 1 THEN
THEN THEN 0 ' UVX = ; |
BASE = ;S |

-t — —a
N~ OO HWHN —

——b b —r —
oW

This b]oCK defines the word SINT ,  which selects and
' ca]lébthe subrqutlne required to perform the act1on ‘the user
| has requested from the menu dlsplayed on the color ‘moni tor.
It leaves 1, 0 and,then'1,.two zeroes and a one, or three
zeroes on the 'stack‘_on exit so as tb allow different
‘_ brahqhes back to'ear]ier,parts'of the word~SCANNER . whfch,

cal]s“it.
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«xx  BLOCK NUMBER 581 DECIMAL ~ 1105 OCTAL
BASE @ DECIMAL

CODE = SCAN

2D
- MGT = THEN

MGT @ 4 EQ IF GM1 COUNT TYPE 27 ?
BEGIN SERS 300 LOAD S

1993 LARA BREAD 1994 LARA 512 + -BREAD 1 NFLAG =
10 /
11 BEGIN BEGIN SCAN. 0 NFLAG = TINT END SINT END END END ;.
12 : ALLSCAN BEGIN 6 1 DD I DIAGRAM = SERS SCANNER LOOP

13 SS1 END ;

1
2

3 |

4 | o - |

5 : SCANNER BEGIN 0 NFLAG =.4 MGT
6

7

8

g

16 BASE = :S

This block defines the word SCANNER , which is invoked
as the ma1n program of the console scanner A1ee{defined is
the word ALLSCAN , wh1ch calls SCANNER in such‘ajway as fo
perm1t rap1d cycl1ng through the dlfferent »screen formats

ava1lab1e

The word SCANNER works as follows

: SCANNER

BEGIN ° it must be possible for the user to
. : return the program to this paqint
without stopping the computer, but
by issuing a request within ‘the

‘normal operat1on of SCANNER

0 NFLAG = _ " formerdy, this var1able was used
: . ' used to have SCAN write device
" names on the screen: this function

is now performed by YDRAW '

4 MGT

gas type is not known.yet‘
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! . - |
2 DCODE = ‘ one scan is performed. with a blank
: . screen, to determlne the type of
o : - - gas. in use 7 : JERERNEN
“SCAN | | '
'MGT‘@ 4 EQ | is the gas type still not known {(if

the amount of gas flow is. =zero,
this will happen,  -due to a
~peculiarity of the interface used)?

.
N

IF R " if so,

GM1 COUNT TYPE 22 1 - ask ‘the user to identify the gas
MGT = - being used, and use the answer
: given -
THEN .; |
- BEGIN ' another branch back point
SERS 300 LOAD - ‘clear the screen and draw _the
o o . requwred d1agram : -
1993 LARA BREAD 1994  read in ‘the Togout information fr
LARA 512 + BREAD the disk, so that it can
_ SRR resident dur1ng normal operation’ e
1 NFLAG = not.used ‘ | |
BEGIN BEGIN o . two d1fferent ways to return here
SCAN - o 'l . perform a scan of all “the devices ., ;3
- ' ~+ once , B E
0 NFLAG = ~° not used ~,(i
TINN. . check for user service request.
“~lff/l END - if no request, a 1 is placed on the
T R : - stack; .otherwise, a 0-is so placed
BRY o o ' '_aﬁd we fall through L & ;-
SINT . | ,to service that request; I |
VEND END END ;o : and dependlng on the type of - the - ..
} , ' ‘request, we may resume scanning at '
o - ~various points in  the - routine

SCANNER depend1ng on: how much is’
_to be changed RS L
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BLOCK NUMBER 5;84 DECIMAL - 1110 OCTAL

%k kK

1 BASE. @ DECIMAL :

2 : WTUA 4 0-D0 1999 I - DARRA 512 3 1 - % + BWRITE

3 LOOP ;

4 0 INTEGER DWOR : CURR 32 * DARRA DWOR @ + +,? ;

5 : RPL SWAP 32 * DARRA DWOR @ + + = _

6 : ENQ 32 » DARRA 22 + + 2 *x 6 TYPE |

7 ¢ NRE ILIN 32 = DARRA 22 + + 3 0 DO

8 DUP I + ITEX 1 2 = + DUP 1 + @ SWAP @
-9 256 * + SWAP = LOOP DROP ;

10 : ‘ R

11
13 ‘

14 .

15 . .

16 BASE = ;S -

af . ~ o
Th1s block defines the word WTUA ~which writes the

vidév1ce description block ‘back out on the disk (@Here it
occupjes.the four - blocks éf storage from 1996 to f999‘- 
, inclUsjve)_l after qt has been edited. Also def1ned are the
e words RPL , ENQ , CURR ,_and NR%? wh1ch were descr1bed w1th;i'
" block 450 where they are also deftned

R
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*

BLOCK NUMBER 586 DECIMAL 1112 OCTAL

%
|

BASE @ DECIMAL .

: LENQ 12 = LARA 1 + '+ 2 x 1
: UEN ILIN 12 = LARA 9 + + 3
DUP I + ITEX I' 2 = + DUP 1 +
LOOP. DROP ;

6 TYPE ;
0 DO \
@ SWAP @ 256 * + SWAP =

OO~ DBWN —

10

5 | ‘
16 BASE = ;S | - | :

" This b1ock'is,aédublicateuof“block 452.
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* Kk BLOCK NUMBER 588 DECIMAL 1114 OCTAL
BASE @ DECIMAL

11 : STUA 4°0 DO 1996 I + DARRA 512 I * + BREAD LOOP ;
16 BASE = ;S - -

This block defines the word STUA , -which reads the

“device description block from its location on the disk into

- memory, for use by the console scanner.
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«xx  BLOCK NUMBER 590 DECIMAL 1116 OCTAL

1 BASE © DECIMAL '

2 : PDISL DIAGRAM = 300 LOAD DARRA XN = 0 YN = DVALA ZN =
.3 BEGIN NX @ DUP 0« - .

4 IF DROP NX 31 + @ 0> IF NAMER 5 LIM = DISPLAY THEN 1

5 ELSE 8 - THEN 2 ZN += 5 YN += 32 XN += END ;

6 v

i

8

9 ._
10 ;
11
12
13 : AINIT CINIT SERS DLFR DGCS GSET STuA
14 1995 DORDA BREAD _ v R .
15 YM1 COUNT TYPE ?7 MTI 3 + = ; / :
16 BASE = :S ' - l*

This block defines the word PDISL , which :diSp]ays‘ on
the screen a set of machine conditions previously ﬁead frcﬁ{ﬁ
the disk in fhe same form as used during the opératidn of
- the console scahner;-?lso defined is the word AINIT , which
takes care of all initialization that is requiréd ‘befofe'

running the console scanner.




