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Chapter 3, ARGUMENTS FOR ON-LINE USE OF A GENERAL PURPOSE COMPUTER

Already during the Grossinger conference in 1962 on the utilisation
of multiparameter analysers in nuclear physics it was stated that
a rapid increase in complexity of the data reduction apparatus

used in this field is observed,

There are two main arguments that can justify the use of a general

~ purpose computer (g,p.c.) on-line with experimental set ups:

1. physical argument:

From a physical point of view it is justified to use a
. g.p.c. on-line in all those cases where in:

a, for the sake of following the experiment; experi-
mental control and steering, the immediate inter-
pretation of intermediate experimental results
requires complicated computations and data
processing.

b. large quantities of information have to be stored

- with a high speed and in such a manner that later
economically off-line data reduction by a computer

= can be done,

2. financial argument:
If the amount of money that must be invested in
traditional analysers required for a certain range of
experiments rises to such an extent that it is compar-
able with the cost of a g.p.c., then it is justified
to apply a g.p.c. because of the much greater flexi-
bility.
For a greater flexibility; means a more economical
use of the invested capital: the more flexible the
information processing system is, the greater the

variety of experiments which can be done with it.
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Chapter 4. A SURVEY OF MINIMUM REQUIREMENTS

3. Minimum requirements of the computer as a whole.

Minimum requirements have been specified in order te be able to find

out which computer could meet I.K.O.'s needs fer on-line information

processing and -en-line ccmputations assatisfactorily as pessible,

Below these requirements are listed while in a later seetion some

specificatians and motivations are given,

1.1

1.5,

-

The computer must be a stored programme, general purpose,

digital computer of modern design.

Tts solid state components must be carefully packaged for

resistamce to electrical and magnetical disturbances.

It must be capable of operating 24 hours a day, 7 days a
week, requiring enly a minimum of maiatenance, (required
maintenance time will be less than 2 hours a day as an

average). .

The computer nardware and software must have special provisions

for multiprogramming.

Furthermore the computer should be capable of:

performing real time operatiens;

rapid programme testing and diagnostics;

machine failure diagnostics with extensiwa indication on the

operator conscle.

2. Minimum hardware requirements.

2.1. Central processor unit (c.p.u.)

a. it must work hinary.

b. single werd instructiens have to operate on words with a length

of aﬁproximately 25 bits (the required accuracy for on-line cor-

rection computaticns is of the erder of 10~

.

¢. Fast hardware fixed point arithmetic must be available, fixed
point multiplication time should be of the order of 30-50

micresec.

d; hardware for double precision instructions is necessary.
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floating point hardware is absolutely required.

furthermore the instruction reperteire should include left and
right, open and reund shifts, legical instructions, Jjump instruc-
tiens including subroutine jumps, jumps cembined with automatic
index register incrementation, conditicn setting and testing for
all instructiens, instructions fer automatic array transfer in
memory, from memory and to memory, address modification fer all

instructions.

2.2. Input/output channels and control (for motivations see chapter 5,1).

2.3.

a.

b,

C.

f.

the i/o channels must have the pessibility to be connected with
asynchronous laboratory equipment.

the 1/o channels have to be buffered.

as many as possible i/o channels shculd be available, all having
direct access tc mainstore, bypassing as much as paéssibly the
c.p.u., such because of the great need for many simultaneous
information flows between the computer and the experimental set up.
the i/o channels or the i/o control unit must be capable ef send§ng
an "end of record signal® to an external information source or to
an external informaticn acoeptor.

hhe i/o control unit must provide external interrupt setting:

if external demands for interrupt of the c.p.u. arrive,

if an end of record signal is produced.

internal interrupt setting have to be executeds

if overflow is detected;

if case of different machine failures,

at the end of an array transfer.

Priority distribution by the c.p.u. (see rapport Py v. Oers, Tjin

A Djie and Jenkers).

It is extremely important that the computer can honor interrupts in

a sequence according to a programme dependent priority distributien.

Tt should be stated clearly that a fixed prierity sequence is not

acceptable because of the en-line application of the computer.

Multiprogramming.

Hardware programme relocation and multilevel indireet addressing
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2.6.

2.17.

Ry

have to be available,
Because of the need for time-sharing and flexible switsching from

cne programme to another, memory protection, input-output device

protection and register saving provisions are required.

Memory capacity.(for motivation see chapter 5,2)

In erder to be able te use the computer on-line with the experiments
planned in the I.K.0. laboratory a memory capacity of 16000 words

is required.

It sheuld be'stated clearly here that it is better to save money

by cutting eff peripheral equipment from a certain configuration

by using only a 8 k memery capacity.

Memory extensions (f‘r motivation see chapter 5.3)

At least 3 magnetic tape units with a speed in the order of 90-120

kch/sec are required.

Slow input/output equipment.
a. the comscle of the computer has to include a i/o typewriter.

b. further the configuration has Bo include a 5, 6 or 7 channel
paper tape reader with a reading speed between 500-1000 ch/sec
and a paper tape puncher (5,6 cr 7 holes) with a punch speed
of approximately 150 ch/sec.

If encugh money is available then a line printer would be an

extra-ordinary important tool for the institute.

The_console.
The conscle has to provide display of all machine registers and

failure testing results swéh as parity fault, overflew, ete,

3. Minimum software requirements.

3.1.

Compiler.,
An ALGOL 60 compiler and if available a FORTRAN cempiler should

be delivered with a set of numerical subroutines; defined in
machinecode as well as in ALGOL or FORTRAN,






Chapter 5. SOME MOTIVATIONS.

1. Input/output channels. (chapter 4, paraf. 2, 2.2.)

The i/o chanmels have to be buffered because asynchronous laboratory
equipment has to be connected with these channels.

When the computer operates on-line with an experiment then, according
to specifications formulated by MacLeod (CERN), several different types
of work can be defined.

The computer has to perform the following jebs:

a. D.A. = data acquisition : the collection and storage of data
produced by the experiment. Thisjeb has to be done on a strict
real time basis.

b. D.D. = data display: a part of the whole collected infermation
has to be displayed for following and controling the experiment
by the experimentator., In many cases it will be necessary to
apply numerical corrections and other data reduction actions
‘en the data before display.

¢« C.C. = checking and control.

d. E.S. = experimental steering; the oompu%gin%ggtain experimental
parameters according to programme decisions.

e. S.C. = sample computation: computations that have to be applied
on limited quanta of experimental data for the sake of com-
pressing information before storage and for condensation of

display informatien patterns.

All these jobs have to be dene more or less simultaneously. That means
that the corresponding programmes have to be executed by the computer
en a2 time sharing and memory sharing basis.

In order to obtain a maximum of efficiency the computer configuration
should include as many independent information i/o channels as phssible.
For, the more channels there are (with direct memory access bypassing
the c.p.u.); the mere simultaneous automatic informatien transports

can take place without disturbing the c.p.u.

2. Memory capacity. (chapter 4, paraf. 2, 2.5)

Below we shall quote a short report written by prof. E.W. Di jkstra.
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Therein the minimum memory capacity requirements are given in sase
of the on-line use of the E1X8,

In order to maintain a maximum data flow in a asynchronous

application we consider the information flow in a period of

25 millisec, In case of 5 information transperts an interrupt

will be set every 5 millisec., Thus honoring one interrupt

the computer needs approximately 0.5 millisec. for switehing

over from one transport to another. This implies a time consumption

of 10 7.

In 25 millisec. a cyclotron experiment can produce approximately

500 words corresponding to 500 samples or less.

For memcry buffer areas we need:

1 k buffer area for the cyclotron experiment (2 x 0.5 k for
2 bufferareas used alternately).

1 k buffer area for information transfer to the magnetic tape
units.

0.5 k for the prepared display pattern when a pattern is chosen
of 64 x 64 points. For display of a pattern of 128 x 128
points a memory capacity of 2 k is needed.

0.25 k as bufferspace for the slow communicatien equipment as

tapereader; tape puncher, typewriter.

2.75 k or 4,75 k in total if a 128 x 128 point display is used.

Programme space:

0.5 k for tape handling programme including actions like
read-write instructiens for the tape unit, control of
return signals, detection of end of tape signals and the
announcements of it tec the operator, tests for exceeding
the block boumdaries and automatisation of repair actions
as rewrite- reread in case of failure detection.

0.5 k for the console communication programme including
translation and transfer of manually insersed information
and analysis, and display of information given by the
computer to the operator.

0.5 k for the cooerdinating programme which has to verform time

sharing and memory sharing contrul, the change of priority
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distribution as a function of internal and external
criteria, and the honoring of signals produced by one or
more real time clocks; etc.
This estimation is chosen very tight, especially when
mere is asked of the coordinator for instamce in case
of dynamical random supply and removal of programmes.
This is very likely with for example programmes as data
display, calculation programmes, different experimental
steering routines, etc,

0.5 k for c¢hecking and control., For this job a set of non-systematical
actions and reactions have to be performed by the computer.
The more refinement is asked from the computer, the larger
the required programme space will be.

1 k at least, for kicksorter programme including storage according
to the partition method and corrections.

0.5 k for servicing the beta spectrometer.

0.5 k for working space of the cocrdinator, including the memory
locations primarily assigned to the communication equipment
containing: information concerning the state of the equipment

and start and stop instructions for transfer.

IS
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for registering and kicksorting of coincidence spectra in

a 64 x 64 points resclution.

10.75 k Total of buffer areas, programme areas and coincidence

spectra areas'

If two or more pictures have to be displayed each approximately having
a point density of 64 x 64, or if one such 64 x 64 raster has to be
displayed combined with several single spectra, then the required
memory capacity rises up to 12 - 14 k.

In these estimates no memory space was reserved for numerical data
reduction programmes such as defined in 1., e S.C,

All these ccnsiderations show clearly that a memory capacity of 8 k
will never satisfy the needs which will rise when the computer will

be applied on~line with the experiments planned in I.K.O,
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Chapter 7. MACHINE COMPARISON AND CRITICAL DISCUSSION,

7.1

V7

?lzl

Machine speed.
It can be stated in general that it is not justified to base a

machine speed comparison on a consideration of the execution

times of a few instructions. .
Even the scientific mix indices do not give reliable speed ratio
figurss.

This general statement is underlinedzgain when one compares the

EL X8 and CDC 3200 execution times,

As is shown in chapter 6 the average instruction execution times
are censiderably shorier for CDC 3200.

Howevor a more detailed study of the instructions repertoires of
both machines has shown that in general the CDC 3200 needs 3-6 x

as many instructions as the EL X8 to perform the same task. Thus,
although the single CDC 3200 instructions are on the average 2-3 x
as fast as the EL X8 instructions, the CD& 3200 is in fact abwut .
11/2-3 x slower than the EL X8 in executing the same task. Moreover
an other important shortcoming of the CDC 3200 in this respect
concerns the memory capacity. When this capacity is limited it is

a severe disadvantage that the CDC 3200 needs 3-6 x more programme
space in memory. The memory capacity requires for on-line operation it..
with the CDC 3200 can therefore be derived from chapter 5.2 and

turns out to be, at a conservative estimate, 16.25 k.

Instruction repertoires.
The fact that the EL X8 has 12 function bits and the CDC 3200 only
9, indicates already that the instruction reperteoire of the CDC 3200

must suffer from more restrictions.

In the first place this leads to the above mentioned very unpleasant
effects,

An other consequence of these restrictions of the CDC 3200 is,

that a number of programming methods can not be used. For example:
indirect addressing and address modificatien are not applicable

in case of the following instructions:

halt, selective jump, return jump, index jump incremental and
decremental; load A character, load Q character, load index,

store A character; store Q character, etc.
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Theyefore indirect addressing is impossible in pregrammes for
daté‘reduction and information transfer (in our case 70 % of all
programmes ) .

Thus multiprogramming on a memory - and time-sharing basis is
almost impossible; especially if pregramme lecations have to be
changed dymamically. :

In contrast with the EL X8 the 3 B-registers of the CDC 3200 can
not all be used equally.

There are sevaral instructions that can only cooperate with one
fixed B-register, This is a great disadvantage in formulating
general saving rules for programme to programme switchingsr
subroutine jumps. |

With respect to the memory-register communication the floating
point register Eu - El of the CDC 3200 can not be handled in the
same way as its accumulators, the EL X8 floating point register
can be used in the same way as the other accumulators.

Almost all instructiens of the EL X8 can influence-a condition
register and can be carried eut condition@lly;

The CDC 3200 instruction repertoire includes only conditional
Jumps, increasing therefere the complexity of programmes

considerably,

Input/output channels.
An advantage of the (DC 3200 is that there are more i/o channels

available which have direct access to the memory (bypassing the

c.p.u.). The CDC 3200 has one channel per 8 k memory capacity,
with the EL X8 has one per 16 k.

Software,

Considering compilers it should be remarked that Electrologica
has more experience in constructing ALGOL compilers than CDC-has.
The quality ef the ALGOL compiler that will be delivered by CDC
in about one year is net yet known,

The quality of the FORTRAN compiler for the CDC 3200 could not
yet be determined because not enough infermation was available.
The same holds for the monitor programmes.

The names and experience of the team leaders of the software








