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SUMIARY

This thesis is a description of the development
and use of BASOON an interacitive, on-line computer softwarse
package. BASOON allows experimental equipment to be accessed
by & digital computer via a data logger. All user program-
ing is in BASIC using a series of subroutines to perform
+the data acquisition.

‘ The relevant literature is surveyed and the
equipment fully described. The necessary programming
languages are described in sufficient detail to allow
readers with limited computer knowledge to understand the
system; A brief account of the development work is presented,
followed by a summary of the system. A detailed descrdption
of the BASOON subroutines and the linking of the various
. programming languages used is presented to enable the
‘system to be fully nnderstood and implemented on: similar
equipment elsewhere. Program examples including test routines
are included and discussed with recommendations to users.
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INTRODUCTION

Computers are now accepted as part of everyday
life in most research applicationg. However, one of the
most tedious tasks is often data preparation when there are
perhaps thousands of data points to be processed. For the
study of some systems, for example dynamic problems, the
data must be sampled at specific points in time, and there
can be difficulties in physicelly reading the information
at the required timesg, for example, thermometers and pressure
guages in several places. Data Loggers are available which
will log large amounts of data, which is often punched on
tape for computer processing. This thesis is concerned with
the direct linking of a digital computer to a data logger,
to provide on-line capability. The system is made completely
flexible by using the interactive high level language
BASIC for programnming, although FORTRAN can be used.

The name BASOON for the package developed, is
made up from BASIC and ON-LINE, suggesting both features.
The development of BASOON may be traced through a series of
steps, beginming at the first data logging program, written
entirely in ASSEMBILER (machine code), which was capable of
transmitting a value (of one channel of facility) from the
data logger into the computer. The number was still in BCD
form (see text), and required conversion to binary before
it could be used. Thig was followed by a larger program
which performed more functions, but even at this stage
the programming was still mainly ASSEMBLER. The first
major development was to write the data logging programs
as a8 series of self contained subroutines, calling thege
from a FORTRAN main program. There were severe difficulties
to be overcome at this stage in the transfer of data between
the different languages. However, when these were solved a
set of subroutines were available which could perform the
data logging functions without any direct ASSEMBLER programm—
ing. This had two disadvantages, firstly it was still
necessary for the user to understand how the subroutines
worked to make efficient use of them, secondly, when a
mistake was made it was necessary to start correction by
rewriting the FORTRAN source program. This meant re-compile
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ing and reloading into the computer,/a/task which requires

a minimum of 25 mlnutesc
 The final development was the linking of a new
get of subroutlnes to BASIC which enabled the main program
to be changed instantly. Throughout these stages, more
sophistlcated suoroutines’

were developed, leading to an
OVerall package for data loggl

ng,andzlnterrupt handllng.

to BASIC.




1.1. SURVEY OF THE RELEVANT LITERATURE

1l.2. INTERACTIVE CONPUTING

During the last few years there has been a
substantial amount of published work concerning interactive
computing. This covers a wide range of applications includ-
ing data processing, graphic displays and literature
gsearches. Many authors have described systems using graphic
display terminals, (1,2,3,4). Feldmann (5), described one
such system in which large and small chemical structures
could be plotted and manipulated. This was done by a set
of programs operating on a time sharing basis. A system
with a similar purpose was reported by Meyer (6), but using
mass spectral data to build up a 3-D colour display. A
rapidly expanding area where interactive techniques find
application is in searches. Heller (7), reported on an
interactive program developed t0 search a large file of
mass spectral data. This used a peak reduction method
developed by Biemann (8),and enabled the file to be examined
for single peaks or groups of peaks.

Another applicationof searches is in the
literature, where rapid advances may be expected in the
near future. Heller (9 & 10), described a system for this
purpose.

Neilsen (11), gave deteails of a set of inter-
active programs written in FORTRAN for the teaching of
chemical equilibrium and kinetics. To use these the student
describeg a system to the program which then calculates the
equilibrium state and time development of the system. The
student may then change the system and observe its behavior,

All programs examined in the literature had
one thing in common to their disadvantage. This was that
the user could not alter the program readily, but only the
input data. Interactive FPORTRAN is not mentioned, but
would require a disc for storage and some kind of operating
}system, implying a fairly large computer. Some authors
appear to be interpreting "hands on® computer usage of &
developed program as interactive working



1.3. INTERFACING

According to Peddie (12), recording and reduc-
ing large amounts of data reiably can be a problem for many
researches, the two most common methods of handling very
large amounts of data being data loggers and dedicated
computers. He then describes an interface for linking a
mass spectrometer (or other equipment), to a computer
terminal. The only disadvantage pointed out by the author
was that the data rate was limited by the bandwidth of the
telephone lines used. He did not mention what happens
during periods of heavy computer usage, when response
times on time shared machines can be very slow.

A very good description of the function and
use of an interface is given by Mazda (13), in a very

readable paper. An interface for coupling four measuring
microscopes to a Minsk 2 computer was described by Ammosov
(14). The device permitted real time exchange of co-ordin-
ate information between the measuring instruments and the
computer whilst measuring photographs of bubble and spark
chambers. The components were mounted on standard plug in
circuit boards in the computer.

1.4. ON-LINE DATA ACQUISITION

The results of a survey of industrial on-line

computer users were published by Kompass (15). He found
that the "average" on-line computer installation had 284
analogue inputs and 15.9 of 16 bit word storage. The most
common input/output device was the teletype, with the CRT
visual display in second place.

The general requirements of an on-line system
have been discussed by Burke, (16), and others., Burke
concluded that BASIC was the ideal language for programming
a data acquisition system, although the system he described
used FORTRAN as the user language.

Lord and Macleod, (17), listed their ideas of
the necassary computer for on-line work as having 4 to 16
K of storage with a word length of 12 to 24 bits. There
should be fast fixed point arithmetic and logic together
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with a flexible input/output system. One or more direct
memory access channels should be provided and a multi-level
interrupt facility. They also suggested that most of the
programming be done in ASSEMBLER because care was needed
with the timing, but conceded that FORTRAN might be used

at the start of setting up an experiment. They give a good
description of program organisation.

For non computer personnel requiring a know-
ledge of on-line time sharing the description given by
McCullough (18), is to be recommended. This includes a
brief description of the hardware requirements, data flow
etc., for a gas chromatography set up.

Perhaps the two fields inm which there 1ig most
work published are mass spectral data collection and gss
chromatography. One such system is well described by Bowen,
(19), this uses an Argus 500 computer with 8 K of 24 bit
words. External logic circuits are used for timing and
conversion of data into computer compatidble form. The
number of samples taken per srectrum varies from 64 000 to
2 048 000, For fast transfer direct memory access is
provided to 2 K of the store, this eliminates the need for
using an interrupt system. In a later description Bowen
and Fish, (20), presented details of a system for the
collection of up to 100 OO0 samples per second, sgain from
a mass spectrometer. This requires g mirimum of 16 K
storage. FORTRAN was the high level language used and s
short example program is given. This indicates that a
dummy call is made to a FORTRAN subroutine to allow trans-
fer to the actual data acquisition program. Landowne's
system, (21), for the collection of data from up to 8 gas
chromatographs used FORTRAN for the processing, but the
main bulk of the programs were written in ASSEMBLER,
including the input/output and job sequencing. The experi-
menter entered his instructions in the form of 8 digits
via a communicator box. These were transmitted to the
computer when a start button was pressed. The author says,
"Only in a few cases does the software check the validity
of the data entered, if incorrect a red "error® light is
glven", This implies that expefienced users would not
know of mistakes until the results were obtained,
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A basic form of acquisgition program was
described by Desiderio, (22), here, an assembler program
was used to collect a lot of data and store it on disc for
later off-line processing by a FORTRAN program. However
the paper is primarily concerned with the data and its use.
This criticism cannot however be made of Bliselius, (23),
who gives a very useful description of a PDP 9 installation
used for on-line calculation of mean values, variances
and amplitudes. Programming is in ASSEMBLER, and all
arithmetic done in unsigned integer representation. Program
examples and storage allocations are given, with disgrams
of timing intervals and program organisation.

An impressive gystem is installed at the
University of North Carolina, Chemistry Deparitment, (24).
Each input station is provided with 6 analogue inputs, one
multiranging analogue input, 4 énalogue outputs, 4 interrupt
lines, one 16 bit input channel, one 16 bit output channel
and teletype plug in. 26 stations are planned, and to date
10 are in operation.

1.5, MEDICAL APPLICATION

There are many published works concerning
the use of on-line data acquisition, these concentrate
mainly upon the medical aspects rather than the computer
system. (25,26,27).

1.6. CONCLUSION

Of the systems examined all use an ASSEMBLER
language in such a way that system users must either become
conversant with this, or trust their programming to someone
else. In the latter case there could be a difficulty of
communication between persons of widely different disciplines.
BASIC has been suggested as the best programming language,
but so far no one has linked this to a data acquisition
system.

With very large computer installations such
as the one described above, one should consider the response
time of the whole. Undoubtedly the necessary large operating
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systen programs must take up a large proportion of available
core, and reduce response time considerably. Secondly it
should be asked Jjust how much of the operating system and
peripheral equipment is there only to provide time sharing.
In many cases would not this capital have been better spent
on providing multiple dedicated computers for individual
experimenters. TFor time sharing to be really effective
it should only be implemented where there are several
experiments running which produce data at fairly slow rates.
The various users of & time sharing system could be consid-
ered as a nmixture of gases in an enclosure, they can
co—-exigt, but each can easily fill +the space if allowed to
do so.

When a computer is being used for experimental
work there becomes a rapid interaction between operator
and machine. This can lead to entirely new avenues of
thought and fresh approaches to old problems.
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PHOTOGRAPH 1

THE DOUBLE EFFECT EVAPORATOR




e 2.1, Equipment

PSR

The data logging system described in this thesis is
connected to a laboratory size double effect evaporator.
Several projects studying this equipment are in progress,
so it is appropriate to describe the eguipment here.

The Double Effect Evavorator (Photograph 1)

The evaporator consists of two stages, a climbing film
first stage followed by a forced circulation sécond stage.
(See Tig (1)). Feed enters from a header tank and passes
through a preheater(g), here it is heated by vapour coming
from the first effect(l). After preheating the Ffeed enters
the bottom of the first effect(1>, where 1t passes vertically
upwards through a 1125 inch (28-6mm) 0.D., 16 swg (0:065
inch wall), drawn copper tube. This is heated on its outer

surface by condensing steam. As the liquid rises in the
tube it is heated, until at some point it begins to boil,
the vapour produced forms slugs which rise up the tube.
Eventually the slugs break up and a film of licuid is left
on the wall, which is carried upwards by the vapouf core.
A mixture of vapour and boiling ligquid is ?%ﬁcted from the

top of this stage, this enters a sevarator s which

produces vapour and liguid streams. The ligquid goes forward
(6,7%8)

as feed to the second effect . The vapour gives up
some of its heat as it passes through the shellside of its
preheatersy it is then passed to the shellside of the second

(6)

from the large separator Vesse1(8), and pumped through an

effect calandria . In the second effect ligquid is drawn

external calandria(6> back to the separator. The resulting

(4)

vapour is condensed in a vertical shell and tube condenser ,

(5)

the condenszate being removed by the vacuum pump . Any
vapour from the first effect which remains uncondensed
after passing through both preheater and second effect

calandria is also passed to the condenser.

2.1.1., Instumentation

A diagram of the instrumentation is given in Fig (2).

There are eight thermocouple, four pressure transducers,
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two flowmelers and two differential pressure transmitters.

These all produce electricel analogue signals which are

input to the mobile cabinet of the data logrer. A flow meter

is reqguired to measure the recirculation rate in the second

effect, this is currently under consideration and will be

fitted in the near future.

2.1.2. Data Channels assigsned to invuts

Channels

12 to 15
16,17
18,19

20 to 27

Tnout

Pressure transducers
Flowmeters
Differential vressure

Thermocouples
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PHOTOGRAPH 2

HONEYWELL H=316 COMPUTER AND PERIPHERALS




2.2.1.

The Honeywell H-3I6 Digital Computer

Hardware Descriviion (See also photozraphs 2 & 5)

The computer system may be conveniently divided into two parts:-

(i ) The "mainframe!, that is the actual central processor
and memory.
(il) The peripherals, the devices necessary to send informa-
ation and instructions into the mainframe, and receive
answers back,
See Fig. 3
Photograph 2 shows the computer installation. In the centre is the main-
frame,. housed in a tall rack, the computer itself is the dark coloured
panel, the remainder of the rack is forkfuture additions. On the right

s a typewriter linked directly to the

e

stands the ASR-~3%% Teletype, this
machine, and can be used to input and output information or instructions.
The table on the left supports the hizh speed paper tape reader (extreme
left), and high sbeed punch. These {wo devices are used for reading or
punching tape at about I50 characters per second, about I5 times faster
than the teletype. All the items are free standing, and no special air
conditioning is needed.

Closer examination of the front of the mainframe reveals the controls,
The top row of small erectvobloncs are the indicator lights, (fully desc-
ribed later), below these, the white press buttons (I7) for setting and

clearing the lights, On the bottom row, reading from left to right, the

ON/OFF switch, 4 sense switches, these can be set on or off and used 1o
control programs, In the middle are 5 selector switches to examine the

machine registers, then 3 switches which the operator can use to fetch or

or store information os any particular memory location. The last two
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controls are the mode swiich, for selecting the RUN, STOP, or DIRECT ACCESS
TO MEMORY modes, and the start button.
The controls are arranged so that it is impossible to damage the

machine by’ operating them, the- worst that can happen is that a program

could be corrupted.,

mory . The

the word which is important. Each;wg?r

“ﬂd;mayﬂﬁ fetched and displayed on the

bits are ar

. trol

o . ' - : '
bit on the left hand end. The ma

otherwise positive

is binary, each

~which are set,  Thus

e 5 =

4
|



, 00T = T , |
Bach group.of three is- interpreted in this way, bullding up a five digit
i

number,

To:remind us«that these are octal, an apostrophe is placed hefore

the number. . Thus, five octal digits can e pre: numbers from 100000 to

‘777770 An octal count Wouiﬁ .

15275’4775}637;110,‘II‘, T2 .

ipizo o o D - e i

(1B T=!T etc up 1o 7-'7) Di

S50

in the form of a

7346,

0.1 = 'T4045T

N



Machine Registers

start, for transferring information in and out of the memory, to znd from

the peripherals. The contents of 2 ;fnvtev may be displayed on t?

dicator lights by the push button selectors.

()

This is a I6 bit register, used es the primary arithmetic rezister. T
meens that all the arithmetic is done by bringing numbers into i
re@ister, performing the operations, and then storing the answer beck in
the memory. For example, consider adding two numbers together., One rum-

ber is loaded into the A register, and the other added to it, the sum may

be stored or other operations performed on it,

£

Use of A Register for Deta Transfer ”0/“Tﬂm Perivherals

Information is transferred to and from the peripherals via the A remister,
Eight binary bits are used to represent each of the letters of the alpha-
bet, punctuation marks and rmerals, hence one I6 bit word can hold two.
The method used is to trapsfer the right hand eight bits from the A
register to the punch or teletyve. At the punch, holes are made in the
tape (8 track), and at the teletype the pattein is interpreted eas & char-
acter and typed. The right and left halves of the register are then ex-
chanced (becouse only the RWS can be used for input/output) and the process

repeated, Similarly date cen be input from the tape reader or teletipe.

as the

¢~¢

)]

Lzain a I6 bit register, but used ¢ ecordary arithmetic register.

This is when floating point or double precision rumbers are bei

(‘” o
<
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they require two I6 bit words for storage. 1In this case the computer is
FRC -1 ol ai . i - i ;
put into the double precision mode, and treats the A+B registers as one

32 bit word.
P Register - The Program Counter

When a program is in the memory, it has a starting place, ie., the first
instruction te be executed, and an end. Between these are a series of
instructions, all sto?ed in consecutive memory locations, which tell the
central processor what to do. Hence, the machine must be told where to
start and the P register is used for this purpose. During the progran's
running this register contains the location of the next instruction to be
executed., Thus, to start a progran, it's starting address is put in the
Pvregister, where it answers the role of "next instruction to be executed'
and the start buttqn pressed, this causes the contents of the location
to be treated as instructions. Under normal conditions the P register is
incremented by one during the execution of each instruction, so the program
continues until a halt is encountered. However, certain instructions
cause the register to be altered by more then one, causing branches in

the program, for example a Jjump , or a comparison, as in an IF statement.

Index Register

This I6 bit register is used for the modification of addresses. When in-
dexing is specified the contents of the index register are added to the
address referred to by the instruction, before execution. By adding one
onto the index register within a loop the next location ﬁust be used.

This saves writing out repetative manipulations. Index register programm-—

ing is only really necescary at Assembler level,



Sense Switches

These are the four switches on the control panel marked I to 4. They may
be on, referred to as'set', or off, 'reset'. During a prozram these can
be tested, and action taken depending upon what state is detected. A use-
ful example is to consider input of data, the prooram may be written so
that when sense switch I (say) is set the data may be typed in, and when
reset, input is by paper‘tapet

2.2.3
A

Indirect Addressing

If bit I of a memory reference instruction is set indirect addressing
takes place. In this case the effective address of the overation is
assumed to be the contents of the location specified by the direct address,

This is best illustrated.

If there is an ADD command in sector 2, and this is flagged for indirect
addressing (by placing an asterisk after the op. code).

ADD* 444

3

This means ADD the contents of the location whose address is in location
‘444

if Y444 contains ‘06231
This is sector '06 location '23I. Therefore the contents of location '23I
of sector '06 will be added to the A register.
Since the address field of the indirect address (‘444 in this case) is TI6
bits, up to I6K of memory may be addressed in this mode.” Indirect address-

ing adds a cycle to the execution time of an instruction.

Multi-level Indirect Addressing

s

If Bit I of the indirect address is set, another level of indirect address-




. ing takes place.

ex, if '444 hzad contained 'I 06231 then the address svecified would

have been referenced,

This chaining continues until an address is found

in which the flag is not set,

2.2 4
Hardware Word E@rmats

(Honeywell 316 computer).

1

This refers

. Instructions



(iii) shift

(iv ) generic

each will be dealt with separately.

I. Xemory Reference (IR).

Sl

These are words which access the memory, this is divided up into SECTORS,
cach containing T000 memory locabtions, (each holding one I6 bit word),

these are numbered from '000 to '777.

20 L0 T T T
7 .
1 2 3 6 78 16,
‘ ADDRESS
| SECTOR BIT

OF CODE

INDEX (TAG)

== TND. ADDRESS (FLAG)

PIG. 4

The I6 bits are divided up as shoyn in fig (4.).
Bit I: Specifies indirect addressing when set.
Bit 2: Specifies indexing.

Bits 3 to 6: The operation code, ie. what command is being performed.

eg. ADD 0IIO ('06)
SUFTRACT OIII ('07)
COYPARE I00T('IT) )

Bit 7: the sector bit, if this is set the memory location being refer-

@]

enced is in the same sector as the instruction, is bit 7 is reset (=0) the




reference is to sector zero. ('00)

Bits 8 to I6: The address. This is the address within the sector. Here
it can be seen that because only 9 bits are used to represent the address
~it is only possible to access addresses up to '777 with an MR type instruc-

tion as it stands. This is overcome by using Indirect Addressing.

2. Generic (G) These instructions occupy the whole I6 bits of a word, and
perform certain set functions. For example IAB (Interchange the A and B
registers), CRA (clear the A register), SSS(Skip the next instruction if
gny sense switch is set).

%,  Input-outout (I/0).

CLel bt trrbetd
] 6 7 10 11 16

Bits T to 6 define the operation which is to be performed.
Bits 7 to I0 define the function which the o6peration is going to per-
form.

Bits IT to 16 give the device being used,

4, Shifts (3)

-

Shifts are used for moving bit patterns across the registers, eg by Left
shifting from B to A, or moving parts of bit patterns. See BCDO in sub-
routine in contirmous scamning program {Section 4) for a good examvle of
shifting uses, .

Bits | to I0 contain the operation code.

Bits II to I6 the number of places which the data is to be shifted,

.

(in two's complement form (ie negative)).




(See Fig. 5 for complete data

2.3. The 1DP - 200 Pato Losger  logging system)

This 1s the system which presents data, for access by the computer,
it comprises the followihg:~

{(a) Mobile cabinet (photograph 1 and 2)

!

Fixed cabinet (photographs 4% and 5)

Fo

—~~
~t
)

s

J

(¢) Interconnecting cables

The cables run from the computer room to 5 of the depariments

Turthest point beilng about 5C0 ft
from the computer room. The Jjunction toxes also have a

connection for the teletype, which enables the computer to be used

anyvhere within the laboratories.

ile Cabninet

The electrical anglogue inputs are connected into the data logging

system at the back of this cabinet. On the front are the controls,

These are located on the top left hand side, in the form of four
reset. Yhilst set they are illuminated from the rear. These are

duplicates of the switches on the computer's control panel.

2.%.1.2. Thumbd switches .
Tabelled Scan Identification Data, these are used to input integer

values, for example test run numbers. t photograph (3) They
1 y T ple test mber In the ph ¥ They

are set at %76,

}
;
§
3
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PHOTOGRAPH 3

{CEtane ingius g
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MDP 200 DATA LOGGER, MOBILE CABINET
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PHOTOGRAPH 4

MDP 200 DATA LOGGER, FIXED CABINET
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occur volween the fixved and nobhile cabhinets.

2.3.5 Trunk Selector =~ The unit which selects the trunk cable

. over which the signal will be coming from the mobile cabinet.

O

o]

Al

Thig cable selected will be different for cach of the five Jjunction

boes.

2.5.6, puflf Fults ar = Accepts the input command from the

3

computer and decodes it into instructions for the data logper, then,

t is vlaced in the buffer rcady
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for transmission back to the computer.

2.5, 7. General tihen the system is in operation, the following

layocut has been found best. The operator olaces the teletywve,
couputer and fixed cabinet to form three sides of a square.
3itting at the typewriter the user then has the computer controls
within easy access on his left, and the data logger similarly
placed on his right.

be

¢ floor in photogranh 5.

seen across th
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3.1.1. Basic

Introduction

BASIC ~ 16 is a Honeywell version of the high level programming

language BASIC which is in wide use on a variety of digital
computers. BASIC is however simpler than FORTRAN or ALGOL

to which it has a family resemblance.

3.1.2. Instructions, statements, variables and expressions

A BASIC program consists of a sequence of instructions written

according to the rules of the language. ‘A typical instruction

iss~

IET v = e
where LET is a BASIC statement, v represents a variable and e is
an expression. (N.B. It is not necessary to include the LET).

An example of a variable is a simple variable which

is either (1) a letter e.g. A X Y
or (2) a letter followed by a digit e.g. A4 X5 Y9
An éxgression is in general a mathematic%l formula
in proper form. It may also be a variable or a numerical

constant. Examples of expressions are:—

10 -5 .6
D Q NO .
"D+ 10 ~-(A + B) #*C/D
The general form of an expression is a string of variables and constants
separated by oEeratofs e.g. + =% (). The rules for writing
and evaluating an expression are similar to those for FORTRAN

or ALGOL expressions:-—




(1) Expressions in paratheses are evaluated first.
(2) Operators are evaluated in the order:-
(i) Exponentiation .
(ii) Multiplication (%) and division (/).

(iii) Addition (+) and subtraction (-).

(iv) Operators of equal precedence are
evaluated from left to right in
the expression.

The effect of the iﬁstruction LET v = e is to evaluate the
expression e and set the variable v equal to the value of

the expression. For example, the formula y = a§2+ bx + ¢

is evaluated by the instruction LET Y = A*X$2 + B*X + C.
All variables in the expression must, of course, have been
previously assigned numerical values.

The second type of BASIC variable is a subscripted variable

which has the form letter (expression, eXPreSSion, ..eevee.)

e.g. A1) B(1) X(J+1) A(1,5) B(1,]) Y(J+2,K+3)

A(1,2,3) B(1,],K) Y(J+2,K+3,L+5)

NB. ( i) Subscripts are allowed to assume zero but not negative values.

( ii) If a subscript is an expression, the expression will be

evaluated and truncated to obtain an integer result
e.g. X(0.3) X(0), A(1.9) "A(1). .

(iii) Any number of subscripts is allowed.




3.1.3. Input/output

The statement INPUT A causes the numerical value entered by the user
to be assigned to the variable A. Similiarly the statement PRINT X
causes the current value of the variable X to be printed out.
Using these stateﬁents a program for the evaluation of a quadratic
is:—

INPUT A

INPUT B

INPUT C

INPUT X

IET Y = A¥XM2 + B¥X + C

PRINT A
PRINT B
PRINT C
PRINT X
PRINT Y :
The above program may be written in a more compact form by the use

of commas in the input/output instructions:-

INPUT A,B,C,X
PRINT A,B,C,X,A¥X?2 + B¥X + C

Note also the use of an expression in the PRINT instruction.




3.1.4. BASIC operation

Most input/output operations in BASIC-106 are carried out via the ASR 33
teletype. After the BASIC compiler has been loaded andventered and an
initialisation sequence completed, the teletype will print a question
mark (?) which is a request for input from the user.
BASIC-16 operates in two modes :~
(i) Step-by~step mode

and (ii) Stored program mode. .
In the step-by-step mode the user may enter a BASIC instruction of
the type described above (terminated by 'return'), which if Qalid
will be executed immediately. If the instruction is invalid an

error message will be printed.

In the stored program mode BASIC instructions are entered preceded by
a statement number énd terminated by 'return'. i.e. a carriage

return on the teletype. This has the effect of storing"cheuw
instructions in the computer. When the program is complete it may be
executed by typing RN (return). Thus the quadratic program described
gbove might be written in stored program fo;m as:-—

10 INPUT A,B,C,X

20 PRINT A,B,C,X,A¥X42 + B*¥X + C

Note that each line of the program has a statement number which must be
in the range 1 to 9999. The statement numbers control the order in

which the instructions are stored in the computer. However, (as

j indicated above), they need not be consecutive and it is advantageous
to use non-—consecutive statement numbers in case it is desired to add

lines to the program later.




t

~ However, more

théhwone\statemeht may- appear on one line by use of the colon (:)

as a ét-atemenﬁ_ delimiter. Thus the above program co.ul"d. be  further

condensed to:~

10 INPUT A,B,C,X:

The resulting print-out for the p
. 210 INPUT A,B,C,X

220 PRINT A,B,C,X,A%X42+B




s

The error diagnostic messages which may be printed during program

execution are listed in section 3.1.13.

3.1.5. Details of BASIC 16

In the following sections:—
v, vl, v2 etc. denote variables
e, el, e2 etc. denote expressions
n, nl, n2 etc. denote statement numbers
al, a2, etc. denote list items which may be constants,
variables, expressions,.labels or tabs
depending on context.

op .denotes a comparison operator

3.1.6. BASIC statements

(a) IET v = e (Alternative form: v = e, ie. the "LET"
| may be omitted), causes v to be set equal
to the current value of e
(b) INPUT v1, v2,. . . . causes an exclamation mark (!) to

be printed and the progfam to wait

.until the user types in the data
value followed by 'return'!. If more
than one data value is required the

-items must be separated by commas.




(c) PRINT al, a2 .... -causes the list items (al, a2,....)
to be printed on the teletype. A list
item may be a variable, an expréssion,
a label or a tab statement. A label is
a string of any keyboard cha;acters
enclosed in quotation marks ("). On
execution the 1abél will be printed and
in this way titles and headings may be
printed on the output. For example

the instructions:-

A = 2
B = M2+ A
PRINT "A =", A, "B =", B

cause the following output:-
A= 2 B= 6 °

The list items will be printed at character positions 0, 15, 29, 43 and
57, the last item being followed by 'return' 'line feed'. If the list

items are separated by a semi~colon (;) tabbing to the above-mentioned

character positions is suppressed and a closer packed output results.

A comma or semi~-colon after the list item>suppresses the Treturn'

'line feed! to the character position corresponding to the

(truncated integer) value of e provided the current head position

is less than this value.




If ¢ » 70 the head tabs to position 70. By combination of- the

various list items an informative and pleasing output can be

obtained. - -
() READ vi, v2 . . .

DATA al, a2 . . .

RESTORE

When a READ statement is executed its list items (v1, v2, . . .)
are set equal to the next available elements in the DATA

statement list. Thus the instructions:-—

READ A,B,C

READ A,B,C

DATA 1,2,3,4,5,6
cause A,B and C to be set equal to 1, 2 and 3 respectively on execution
of first READ.statement and to 4, 5 and 6 respectively on execution
of the second READ statement. |
Vgriables and expressions as well as constants may appear as items
in the DATA statement list. All variables used must have been
previously assigned numericalivalues.
If insufficient unused data items remain, an error message is printed.

The instruction RESTORE returns the data 'pointer! to the first item

in the first DATA list.




e) STOP

END
cause the statement number and the word EXIT to be'printed and the
computer to await input from the user. A program need not have
STOP or END statements but conventionally STOP is used at the
Jogical end(s) of the program and END at the physical end of the
progran.
f) REM v
A1l characters following REM (remark) up to a 'return' are recorded
in the program but cause no action. Remarks are used to identify
sections of a program for‘the convenience of the user..
g) DIM r
A DIM (dimension) statement is required if the maximum value of a

subscript of a subscripted variable exceeds 10. Typical DIM

statements arei-

DIM A (20)
DIM X (50, 50)
h) FOR v =el TO e2 STEP e3
(Alternative form: FOR vl = el, e2, e3)
NEXT v
When the FOR statement is encountered the simple variable v is set equal
to el and the program proceeds until the NEXT v statement is encountered

when the FOR statement is returned to and v is set equal to el + e3.




Thus these instructions provide a means for 'looping' through a set
of instructions a'prescfibed nunber of times, v being increased by
e3 each time. The number of loops is (e2 - el) / e3 + 1 and after
the last loop the program proceeds to the instruction after the
‘NEXT v statement. Care must be taken that the values of éi, e2
and e3 are compatible with each other. (N.B. e3 may be negative)
but the loop will be executed at least once (i.e. fér v =el).
Loops may be nested to any extent but inner loops must be 'closed!
before outer loops. If e3 =1 then the forms | . .
FOR v = el TO e2 (of FOR v = 31, e2)

may be used. )
(i) 0 TO n

IF e, nl, n2, n3

IF el op 2 THEN n (or IF el op e2 GO TO n)

ON e GO TO ni,n2,n3 . . . nk
GOSUB n
RETURN '

Normally programs are executed in increasing order of statement number.
Tﬁe FOR statement interrupts this order by looping and the above
statements enable the programmer to change the execution order of the
program either conditionally or unconditionally.

(a) GO TO n causes transfer to statement number n in the program
'(b) IF e, nl, n2, n3 causes transfer to statement number

nl if €<0, to n2 if e = 0 or-to
n3 if e > O.

(c) 1) ‘
IF el op e2 THEN n

(Alternative form: IF el op e2 GO TO n)
causes transfer to statement number n if the

comparison el op e2 is true, otherwise the

program continues to the next instruction.




(ii) 1IF el op €2 THEN S  causes the BASIC statement S

to be executed if the comparison

el op e2 is true, otherwise control

passes directly to the next line
of the program. In the form
IF el op e2 THEN S1 : S2
if el op e2 is false S1 and S2 are not executed and
control passes to the next line (i.e. the next
numbered statement).

The comparison operator (op) is one of the forms:-—

= equal to
<> not equal to
> greater than
= greater than or equal to
4 less than
{= less than or équal to
(d) ON e GO TO ni, n2, n3, . . . nk causes transfer to statement
number n1 if the value of e
truncated to the greatest
integer € e is 1 e.g. if e = 3
transfer is to statement number

n3. N.B. if e <0 or > Il an

error exit will be caused.




)

(e) GOSUB n

RETURN

COSUB causes transfer to statement number n which is the first
instruction of a subroutine. The subroutine must be terminated

by a RETURN statement which returns the program to the instruction
immediately following the GOSUB statement.

Subroutines may be 'nested!'.

3.1.7. Standard Functions
The following standard functions are provided by BASIC and may be

included in any expression:-—

LOG (e)

EXP (e)
ABS (e)
SQR (e)
INT (e)

SIN (e)

cos (e)

TAN (e)
ATN (e)

SON (e)

RND (e)

i

I

1

i

i

1o%

exponential

absolute value

square root

integer value of the expression (truncated)
sine (argument in radians)

cosine (argument in radians)

tangent (argument in radians)

arctangent (result in radians)

result = -1 if e O
= Q if e=0
= 1if e O

generates a random pnumber in the range 0 — 1. This
function is used to generate a sequence ofﬂpseudo—
random numbers. The sequence ié pseudé—random in
the sense that it repeats itself after an integer
multiple of 128 numbers have been gengrated. The
sequence is initialised by setting e % 0 when.the

value of RND (e) will be e if e is positive or a

positive number in the range 0 ~ 1 if e is negative.




]
[

The random numbers are then generated by calling

RND (e) with e = 0. The same sequence is always

produced for the same initial value of e. The

length of the sequence depends on the initial

value of e. At present the longest known

sequence is 8192 numbers which is obtained,

for instance, by setting e = 1000. -

3.1.8. User defined functions

The statement DEF FNa (v) = e enables the user to define a function
of a single variable which maythen be called anywhere in the program.
Up to 26 different functions denoted by a letter.(a) may be defined.

For example, the instructions:-

DEF FNQ (X) = 3%XA2 + 2%K + 1
Y = FNQ (2)
W = FNQ (3)

causes Y to be set equal to 3%Z42 + 2¥Z + 1 and W'to be set equal to 34.

Note that in the DEF FNa (v) statement v is a "dummy! variable.

3.1.9, BASIC commands

A command is not a statement belonging to the BASIC language but a
direction to the BASIC compiler causing certain action.

RUN (see above) is an example of a command. A1l commands are terminated

by 'return'.




(a)

(b)

RUN
;auses'the program to be executed from its first
statement.

RUN n

causes the program to be executed from statement

number n. A program may be inter;upted during
execution by setting sense switch 1 on the
computer (see CONTINUE belowj.

LIST

causes the entire program to be printed on the

teletype.

LIST n

causes thé program to be listed from statement
number n to the end.

LIST nl, n2

causes the program to be listed from statement
number nl to n2. If nl =n2 = n:only .

line n is printed.

LIST, n

causes the program to be listed from the beginning
to statement number n.

PUNCH

causes the entire program to be punched out on paper
tape. |

Segments of program may be puhéhed by PUNCH commands

similar to the LIST commands described above.




(d)

(e)

(£)

(g)

(h)

LOAD

causes a program to be read from paper tape

- via the high—speed reader

JOB

deletes all stored programs and variables from

the computer.

CLEAR

clears qll the variables from the computer but

does not affect stored programs. -

QUIT

causes the computer to become idle. Press 'START!
button on computer to re—enter BASIC compiler.
CONTINUE

If sense switch 1 on the computer is set during
program execution sthe program will halt after
completion of the instruction being executed.

The message n BREAK will be printed on the teletype
where n is the statement number of the last instruction
executed. The program may be re-entered at that
point by the command CONTINUE (N.B. it may be
necessary to enter the command CONTINUE twice

to clear a BREAK). Alternatively any other command

may be entered.




3.1.10. Input/output of program and data

(a) To remove an instruction from a stored program

enter statement number followed by 'return'.

(b) To amend a stored instruction enter the
statement number and the new instruction.

(c) To amend the last n characters enteréd (before a
'return') enter n times and continue. (N.B, NOT
A 'CONTINUE! STATEMENT). w

(d) To delete a whole line (before a 'return' enter and
continue.

(e) To punch a program off-line on a teletype, type Treturn!

1line feed! at end of each instruction and extra 'return!

line feed! after the last 1iﬁe. IX-OFF! 'RUB OUT' should

follow each ;line feed! if the tape is to be input through
the teletype. ' |
(f) Numerical constants and data may be enfered in normal
decimal form or in exponential notation e.g. “100
100.0  0.1L3  10.0E1 are equivalent forms.
(g) Numbers with absolute values, between 0.1 and 9999 will
be output in the format XXXX.YYYYYY or —>XXXX.YYYYYY
with leading and tréiling Zeros suppresséd. The decimal
point is suppressed for integer values. Numbers outside
the above range will be printed in the format .XXXXXXEi ZZ or

+
Ve JXXXXXXE -ZZ.




(h) The character 'space' may be used freely in order

to improve the appearance of a program.

3.1.11. _Compilers

Three versions of the BASIC compile

teletype for all 1nput/output The second uses. the h1gh~speed

reader and punch for the command,>LOAD and PUNCH and the teletype

for all other input/output. Theféompilér?"BASQGN"‘whichdcdﬁtains

spe01al subroutines. to access the MDP 200 data 1ogger dlrectly by

ordinary BASIC statements.

Honevwell BASI# Manual

Further details of BASIC 16 are c
1Models 316 and 516 BASIC Lansuage

(Honeywell D@C;NO.f




3.1.13. - DIAGNOSTICS (ORDINARY BASIC)

Error code ' Meaning

AS Array,éubscript out of bounds

‘DA Attempt to READ more data than available

DF Attempt to use a function deleted during
initialisation.

‘DL - Statement terminator error

DP Two decimal points in a number

bV Dummy variable in DEF statement is subscripted

DZ Divide by zero

FD Invalid delimiter in FOR statement

FN Characters FN misplaced in DEF statement

GS GO SUBs nested more than eight deep

1C Condition in IF statement is incorrect

ID General error

Iv Index variable in FOR statement is subscripted

LG Negative logarithmic function argument

MO Memory overflow -

M, ‘ Missing or misplaced comma

M= ' Missing or misplaced equals sign

M( Missing or misplaced left éarenthesis

NO Numerical overflow

NU Numerical underflow

NX NEXT statement has no matching FOR

ON Expression in ON statement is non-positive,
or the GO TO is missing

PD Strange item delimiter in PRINT statement

RT RETURN statement not in subroutine

SN Statement number error (rangé 1-9999)

SQ Negative square root function argument

SS Subroutine selector in CALL out of range

(1-10) or subroutine is missing
THEN left out of IF statement
No end of quote
Undefined function -
Unitary minus error

Undefined statement number

S G ESHRE

Undefined variable




3.2. FORTRAN

vy s . a4 . - . .
The Honeywell 216 is provided with a Fortran IV compiler with
some useful additions. TFor example, the sense switches may be

tested, and
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machine registers.

rortran program development is slow, because the installation
does not contain any disc or magnetic tape storage. Hence all
the development must be done manually via punched tape.

%.2+s1. TFortran Preparation

Tunning a program in Fortran involves the following steps:-—

(a) Typing vrogram onto tape (source tape).

(b) Loading coupiler into computer.

(¢) Using compiler to convert source tape into mzchine

code (object tape).

(&) ZLoadinz "loader! program into computer.

(e) Using loader in computer to load object program.

() Using "loader' to load user subroutines (if any).

‘

(g) Using "loader' to scan system library tapes.

(h) starting exécution of the users program.

(i) lieking a tape of the whole for future use.
Only a brief description of each stage will be given in general
terms, because this only applies to Honeywell machines with this

particular coanfisuration.

3.2.2. (a) Ty»ing source progran

The tape must be punched as if it were cards, thus each statement
must be on a separate line, separated from each other by a
"carriage return' and "line feed". Tig (7) shows a small test
example. It is important to put spaces in the unused character

position 1 to 6 inclusive or numerous errors will result.
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(b) Loading comnriler into computer

The compiler is a self-loading tape, meaning that the
program can be put in the tape reader and after pressing the
start button, will be completely loaded without operator

action. lost programs are not self loading, and must be

taken into the computer by=a "loader!s

(c) Compiling v, 1 ler s vapbliess

The instructions of a program are written, for our convenience,
in a "high level language', be it Algoly ¥ortram or Basic,

but these same instructions are, as they are written, guite

meaningless to the computer. Compilers are the link between -

high level and machine code language. Co ers convert

one line of Msource program" (ie as written) into a whole

series of machine code instructions, whilst assemblers in

zeneral converlt one line of source into one machine code

instructione ; 2s svitide BRon of LEBES.

In effect the compiler '"reads! the Fostram and converts each

ine dinto a series of machine code instructions which will

5

p\rform”ﬁhé;pQQu;neSwﬁas&s,, Whilst doing this, an error

ction is carried out for syntax errors, which are

compiler,

Having our object tape, we hav
and now load the Mloader' into the computer

it into the




(e)  Loading the object tape.
The object tape is now loaded by the loader program, whilst

loading, the loader makes a table of all the subroutines

5

called, e.z. user subroutines or standard subroutines like

SQRT, SIN, etce

(£) Loading/subroutines (user w;;tggg)
terminates; the message ML)/{for more routines), is printed;
indicating that loading is not vet complete.

If there are any user written subpogtine§/Q%:gf igéFértram)
withes ngect code versions of these are now entered simply by

~oputting then i into the taﬂ“ reader and pressing the start button.

£
L.

The loading program packs them into nory following the

main program.

3

(g) Scanning the llbrary tapeo.//TQé///tDOdrol comp11at10n used by

Honeywell is to break each Yo tram otatemgnt/down,igto;a

series of subreutine calls. Hence each of these, together

with the standard functions and in

1t outputs must be obtained

Wfrom a llo‘ary tape. Again, the prooedure i5 to sinply put
*the tapes into the reader ana press the start button. .The

lo&der examines ez ch “rogram name, (at the start of each

~ o

proﬁrum) and compares it w1tﬂ a : e 7 /0@ routines,
thus, only the ones whioh}éf’f,/ //7 ”Vﬂ’7:§/}§§§ in and
stored, the otﬁers_are ski /
Tncse library tépes re arr;poed softnatrit is n6f1hecessary
/ . /=ipé§ not use

to scan them &ll, Tor exam

double precision or complex numoers tﬂerp 1a,no need to scan

these tapes
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3.3 DAP-16 Language — Assembler

This is not intended to be a full discription of the
assembler, but an explanation which will enable the reader
to understand the listings,’for full discription refer to
the Honeywell Programmers Reference Manual.

DAP-16 is a symbolic assembly program which translates
a symbolic (source) program into a machine code (object
code). Each line of assembler program generally represents

“one machine code instruction. Initially the DAP-16 tape is

loaded into the computer, this is a"self loading tape'" in
that it loads itself into the correct part of the memory.
The symbolic source tape is then read by the assembler.
There are two modes of operation.

i ). Two pass assembly. The source tape is read twice by

the assembler. The first pass allows the assembler to set

up a table of 211 the symbols useé. The second pass
assembles the object program by reference to this table.
ii). One pass assembly. The symbol table and object assembly
are done in the same pass. The difficulty here is that
symbols will be referred to before they have been defined.
In this case DAP-16 flags these symbols with a double
asterisk (¥*) and assigns each symbol an internal symbol
number which is output with the instruction in which the

'symbol occurs. When this object program is loaded, the

loader maintains a table of symbol numbers and their use.

When the value of a symbol becomes known, DAP-16 outputs a
~value along with the object program, which the loader uses

to fill in the references to that symbol. The object program
from one pass assembly is longer than for two pass, because
of the extra information the tape must contain.
DAP-16 functions by assembling a word of machine code from
a series of "fields". These are:

a. LOCATION

b. OPERATION

. C. VARIABLE

d. COMMENTS

Location Field Character positions, 1 to 5 of source record.




The location field is used to assign a "label" fo a state-

ment, which will be referred to by some other instruction.

The label can be up to 4 characters long, and one character
must be non-numeric.

Operation Field Character positions, 6 to 11.

This is the operation which is going to be performed by
this 1line, it will be a2 mnemonic of three or four letters
representing one of the standard instructions (see instruct-
ion appendix) or one of .the DAP-16 Pseudo Operations.
Indirect addressing is specified in this field by placing
an asterisk immediately after the mnemonic.

Variable Field Character position 12 until a space or

position 72.

This field is used to specify an address and index register
for the instruction. When used with pseudo operations the
significance depends upon the operation.

Comments Field

The comments are used to make notes or remind the programmer
of what is going on. They do not have any effect on the
assembly, but are printed on the listing.

Asterisks

These are used extensively in the following ways:
¥ in column 1 causes the whole line to be treated
as comment. |
¥ imﬁediately after an instruction mnemonic causes
the indirect addressing flag to be set.
¥ gg an element in the variable field, - the current
value of the location counter. (See "expressions").
*¥¥ gg an address, - put zeros in the address,
because it will be modified by another instruction.
¥%¥¥ gg an operation code, - put zeros in operation
code as it will be modified by another instruction.

Symbols . :

Symbbls consist of one to four characters taken from the
alphabet, the 10 digits and the dollar sign (8). At least

one of the characters must be non-numeric, and the ¢ should




not be used in column 1 as it is used by the operating
system as a control character.

A symbol is defined by putting it in the location
field, this gives it a symbolic¢ address. The assembler keeps
track of the instructions by stepping a location counter
by one for each instruction. When a symbol appears in the
location field it is normally assigned the current value
of the location counter. Any subsequent occurance in the
location field causes an error printout. Any undefined
symbols are defined at the end of the program, and may be
manually altered after the program is loaded The following
are all acceptable symbols:

FRST, LAST, BGN, STRT,
S2, A3, B5, NEXT,
1¢gP

Expressions

Expressions may appear only in the variable field,
and may consist of a single element:(Simple) or have two or
more elements separated by operators. {Compound).

When a single asterisk appears in an expression it
designates an address equal to the current value of the
location counter. Thus *+1 means "this location plus one™ .
Operators are used to separate elements in compound express-—
ions and may be + or -. To specify indexing, a comma and an
integer 1 are placed after an exvression. Any permissible
expressien may be written and indexed for an address portion
of an instruction, arithmetic is octal.

eg. acceptable expression

A+6

B+A+C-D B pounts
"BGN+3

BGN+6,1 (with indexing)

Litepals (Constants)

Pl

Reference may be made to constants by deflnlng them as in
the following example.




IDA A load

A DEC 2 A defined as decimal 2
Alternatively this could have been written,
IDA =2

“Phis would have caused the assembler to assign a location
the value 2, and make the instruction access this word.
Octal numbers may be set by placing an apostrophe before
the number. ' c

‘eg. IDA = '20
IS0 code may also be generated by the following:

IDA=AJK

where J and K are the two letters to be converted., If only
one letter is given the other is assumed to be a space.

Assemblv Ilstlnq

The prlntout from DAP-16 is called san assembly list-
'1ng, and glves the symbolic instructions in the order in
.whlch they appear. There is ‘also an octal representatlon of
“the ‘binary code which has been generated, which is grouped
for easy reading.

Column 1. Contains a decimal line count.
Column 2. Memory location of each instruction.
Column 3. Octal representation of machine code.




Pseudo Overations

These enable program linking and assembly control.

REL Relocatable. Tells the assembler to assemble the follow—
ing instructions in a relocatable mode, so that they may be
loaded at any place in the memory. '

END Terminate this assembly pass. This must be the last

statement in a source progran.

BCI Binary Coded Information. Used to generate ISO code
direct from alpha numeric data. Provides easy conversion
where messages are to be output. The instruction takes the
form '

| BCI n, MESSAGE
where n specifies that there are 2n characters to be convert-—
ed, and MESSAGE represents the character.

'Qég Define Address Constant. This causes DAP-16 to generate
a 16 bit binary word which will be used by a flagged memory
reference instruction, to access an operand in any sector.

eg. B DAC LAST
would cause the address of LAST to be stored in this
location and called B. A flagged instruction could then

“access LAST via B. ' /

i eg. LDA¥ B
'\wweuid 1oad'the’00ntenfs“of the address specified in B ie

- LAST. This is also used for transferring data from a main

 program to a subroutine. eg.

Output
T JST gur _ PUT DAC**
DAC A ' LDA* @UT
' ' IRS gur
JMP* @UT

. DEC Decimal | .
Causes DAP-16 to generate binary data %t )

yépresent decimal

‘data. If more than one number is to onverted it may be




dohe by the same DEC by separating it from the others by a
comma,

OCT Octal. Causes DAP-16 to generate binary data words from
octal data. One or more words may be converted, provided
they are separated by commas.

CALL For calling a subroutine.
DAP-16 generates a Jump and store instruction to the symbolic
address. /

SUBR Directs DAP-16 to a name for external reference. The
name may be 1 to 6 characters. Only the first 4 of which
are used as the internal name. This internal name may be
different, and is then defined by putting a comma followed
by this name after the external name.

BSS Block Starting with Symbol.
Allocates storage for variables. .

BSZ Block starting symbol, initially'zeros. Defines a block
of zeros.

~ COMN Common. Used to aséign absolute storage at the top end
~0f memory. This may be used for communication of data from

one assembler program to another, or from an assembler
program to a Fortran program.




Z.4. Relevant On Line Programming Techniques

"On line" refers to the computer being directly connected to
some external‘piece of equipment, being able to input or output
data to that device. Hence,'the teletype is referred to .as an
"on line device', similarly the high speed reader and punch.
Usually, when referfing tc normal periphefals the "on linem is

droppred from the title,‘and reserved for those devices which

are not normall& connected in this way, e.g. the data logger.

In this section we are concerned with the machine code

programning necessary to. fetch data from external devices.

3;4.1. The Input/Outputvbuffer
All information goiﬂg into or. out of/the computer must pass
through the A register, but, between this/and,the devi;e is the
buffer. o /' .
It.is a means of giving each of the 16-bits of the register a
wire for input/output, and so consists of 16 bits. Information
flows through the buffer from external devices, for example, when
data is available on the wires it is in the buffer, but not the
A registeér. A commaﬁd (INA) is necessary to perform the transfer.
Thefe is}aiso a ten line address bus whégh;décodes instructions
for setting up the interfaces. A .good example of>how the ‘buffer
functions is during an intérruptwcaused by the teletype or other
input device. Suppoée an interrupt is generated by typing a C,
(section %4.1.) this will,céuse the machine tor§§op:what if is

doing and go to the service routine. The letter C is transferred

only as far as the buffer, and remains there until the service

routine has stored the previous contents of the A register

.

.. .‘and asks for the input. The letter is then brought into the

v

registers.




Z.4.2. Techniques for the }DP 20C data logger

Data acquisition takes place in two separate stages.
(a) The logger must be told whaf is required, and obtain this.
(b) The data is returned to the computer.

Thé interface!

An interface in this context is a complicated electronic device
¢ which allows the signals to pass between the computer and logger.

It is necessary because they work at entirely different

voltage levels, and at vastly differing speeds. During the

system description reference will be made to setting up the

interfacé, this means telling it which direction data is goin

to flow. It may bg thought of as setting the points on a

railway track to allow a train to pass. If the points are

set wrongly the train is de-railed, similarly, if the

interface is set for input, and anrduﬁput comménd iéfgiven

the program comes to a step which cannot be executed and

"hangs-up'.

Data Acquisition

Suppose we wish to "read" channel 22, to obtain the value

the following proc;dure is necessary.

(a) A:cémmand word for thé data logger is“assembled in the
A register,

(b) The interface is set to bﬁﬁﬁﬁ%:modé;/i

(¢) The command is sent to éﬁe Iéggér;;

(d) DRecause the logger is so ﬁﬁcﬁisldwer than thé computer,
the latter must wait for a signai to say the data is

ready.

(e) get interface to input node.

. 2

2 () Accept data and transfer it into the A register.




This is a simplified version of what takes place, the full series

of operations follows, each machine.codes instruction is explained

as fully as possible.

in this work.

The explanation is lengthy, but fundamental

The sequence begins when the appropriate command has been assembled

in the A register.

(@

(o)

0ocp

SKS

SKP

150

130

.Junp back two instructions.

Qutput Control Pulse. '130

This command sets the interface into

the oufput mode, ready to send the

command oute. ) .
Skip if not ready.

The interface is tested to see that the
logger is ready to accept the command.

If it is ready/tﬁé:ﬁéxt/ingtrﬁction is
executéajﬂifinoﬁzreadyrfﬁe next instruction
is skippéd.‘

Unconditionélly skip the next instruction.

i.e. go to instruction (e)

i.e. to SKS '130. Considering

“instructions (b}, (c¢) and (d) together,

it can be seen that:- if the logger is

-ready, control passes to instruction (e)

via (cyf;/lf it is not rééay the computer
keeps on testing it. This will continue

until a ready state is detected and

control passes to instruction (e).




(e) o0TA

11020

(£) Jg¥p *-1

(g) SKS

(h) Jap

1130

¥~

Output the A register to device '1030.

-Once the interface and logger are ready,

this instruction causes the contents of

the A register to be sent through the

~buffer, interface and into the data

logger. . In addition, this instruction
cheqks that output has been done, and
ékips the next instruétion when this

is true. - i.e. goes to (g).

Jump back to previous instruction. If
output has not been madé by instruction
(e), (f), is executed, this in effect
says go back.agqft;y/ggain, Hence the
program canpotfcqg?igyg_gnti;,a‘
satisfactg;y.ggtpp§/ha§ébgen achieved.
Skip if interface now ready.

This is to test that the interface has
returned to its ready status after

being used for output. This is necessary
because the computer works so fast it
could be trying to use the interface again
before it was ready. -

Jump back to previous instruction.

- If the interface was not ready this

instruction is executed, and the device

-is tested again, this will continue

until a ready status is-detected.

b




(i) SKS '630 Skip when data logger ready.

(j) P -1 Jump to previous instruction.

Taking these two together they say
- wait. (i) tests the data logger to
see if-it has the requested information
ready for return. If the data/is not
ready, (j) is executed, causing the
test to be done until the ready is true
and (j) is skipped.
(k) ocp 30 Output Control Pulse '30.

"8et interface into theiinput mode"

ready to receive data from the logger.

(1) SKS '130 Taking these three instructions
() sxp together they are exactly the same as
(P) Jip *-2 (b) to (d), i.e. a test is made to see

that the interface dis ready to transmit
data, and only when this is true does

control pass to (q)

(Q) INA 'l030 " Input the data from device '1020.

(R). qMP *-1 Jump to previous instruction.

The input instruction transfers the
data from the logger to the A register,
via the interface and buffer.

As with the OTA (e), if transfer is
not executed/thg_ngxt/instrﬁctionvis
eiecuted, thus causing a "wait", until

the input has been achieved.




The data requested is now in the computer's A register in
BCD format. (3ee Section 2, 3).

Sign Transfer and BCD to binary conversion

Having'fhe data back in the computer is only half way to completion,
it still requires the sign to be set correctly and coaversion to true
binary form.

v

Conversion is achieved by a subroutine, written within the
departmentﬂ@g) whiéh when called converts the number in the A
register from BCD to binary. A similar routine is available for
the reverse process.
The sign is tested by a separate instruction, atmaohine'code level.
(u) SKS '530 Skip if sign of input is + ve. i.e.
Skip the next instruction if the input
is + ve, execute it if - ve.
(v) IRS NF .Increment NF.
This adds one to the location which has
beéﬁ designated NF, the negative flag.
A negative flag must be used here because the number isbstill in
BCD format, and could not be nesated be twos complementing.
Furtﬁermore, the MDP 20C uses 16 digit bits, and a separate sign
bit, this mﬁst therefore be reduced to 15 magnitudé bits and one
sign bit. )
The sign can only be tested at this point,-when the interface
is set in the input mode and the data is o@éhe input lines.
When the input has been converted to binary NF is tested and if

required the number converted.




The instructions described above are performed each time an
input is made from the data logger, however, because they are
performed by a subrontine the user does not have to concern

himself with them.




3.5.1. Program Linking

There are certain tasks which can only be performed at assembler level

b

and others which'are best done in FORTRAN or BASIC. If the computer
and these programming techniques are to be used fqlly then éome way
. of communicating between the three ianguageé is necessary. The
Vdif%iculty arises whenidata is to be transferred between languages
because storage methods differ, as will the names given to variables.
There are two methods:- |
i) Common storage - where variableé
are stored in a common area and
accessiblé tb different 1anguagés.

5

ii) Argument Transfer - where the
iﬁférmation is trgnsfe%rédfgo
the subroutine iﬁﬁédiéféiy/
éfter the call statemeﬂt.

Storage in BASIC When using BASIC, a storage location is given to

each variable as it is encountered during the execution of the

program. Thisvmeans that only the compiler knows where each

variable is étored and if the program is changed by the addition
| of neﬁ lines the storage will change. The céll statement is used

to pass the location on to subroutines.

3.5.2. Common Storage

In FORTRAN the method of’transferriéé:databetweeﬁ ﬁ;in and
Sub programs is By defining it as "COMMON". When this has
“been done, space is reserved for the common variables at the
"top end" of the core store where it can be accessed by any of

the programs.

iy




If we have a detailed knowledge of the order in which the FORTRAN
compiler allocates this storage it is possible to write an assembler
nrogramn which-will be able to use this data. ‘fhis method was used
by the Contiﬁ;ous Steerable Program. However, it is tedious and
difficult to implement. This is because the FORTRAN compiler

and DAP-16 assembler allocate common stor;gé iﬁ entirely different

ways, starting at different places in the core. FORTRAN common

.

is set in reverse order to that in which it is declared, whilst
DAP-16 is in the declared order. FORTRAN also has rules
governing which order of declaration the differeﬁt types of
variables take. Appendix ( 4 ) gives a full explanation.

Comments on Common Storage method

The method requires extreme care and attention to detail; even

following the directions given by the manufacturers of the

machine it was very difficult to use this method.

3.5.3. Argument Transfer

This method is the same as that used by the FORTRAN compiler and
other Honeywell éubroutines. In brief, it is not the argﬁment
'itééifuwﬁiéh’is transferred to the subroutine but the location
ét which the argument is stored. This enables the same transfer
'rbutine to be used for arguments which may be integer, floating
~point Qr~doﬁble precision,. because whatever type, their

location will only require the transfer of one address.




A detailed description of how the argument transfer method works

is given in section 3.5 as the author is certain many
-readers will be particularly interested in this.

Calling Methods

s Programs in one language may call subroutines written in others

vaccording to the following. diagram:=-

BASTC/FORTRAN
“Thié>is’donéwin the usu;i ﬁay; a BASIC stateméht of the form

(Line mumber) CALL (N,ARG LIST) is used.

N is the subroutine number

ARG LIST'the arguments

If the FORTRAN subroutine uses.inéeger§5rg/aummyrsubroﬁtine is used
to convert the required numbers frém floaging poiﬁt,‘then calls the

actual subroutine required.




BASIC/ASSEMBLER

Again the normal BASIC CALL is used, in the same form as above.
When the assembler routine takes program control it calls the
argument transfer subroutine which transfers the locations of
the arguments. |

FORTRAN/ASSEMBLER

These two languages are-completely compatibie because the
FORTRAN compilef converts the source progrém into a series of
"~ assembler subroutine calls. Hence, once the method of data
transfer is understood and mastered the two become almost
':ihte;chéngeaﬁie.
HTﬁe FORTRAN call staﬁement is written in thg usual way:-—

CALL SUBR.NAME (ARG LIST)

e S el

This causes the compiler to généréte iﬁférﬁégiéprgiving

the storage locations of the arguéénés./fif theyrgre nét
inﬁegers, e.g. arrays the location of the first elemént is
given. VWhen the assembler routine takes over it uses the
argument transfer subroutine to fetch the locations at which

the arguments are stored. These can then be accessed by

indirect addressing. For a full explanation see 2.2.3

_ ASSEMBLER/FORTRAN

This is the reverse of the above procedure, so the assembler
routine must specify where it has stored the arguments

immediately following the CALL. :




Thus CALL NG T

DAC ARG 1

DAC ARG 2

DAC ARG 3 -
0OcT O | '

return made here

The octal zero is.to tell the transfer subroutine'that all the
arguments have been transferred and that a return is to be made
to the next instruction after execution of the subroutine.

Comments on Argument Transfer

This is the most convenientvmefhod of sending information between
programs, because the érogrammer does not need to know the actual
‘place where the arguments are stored. Programs written in this
way were found to work first attempt, whereas similar programs

using the common storage method had taken many attempts.




Interrupts

An interrupt is a means of causing the computer to stop what it is doing,
and go to do a different thing, independent of the program. Interrupts

may be caused by,

(i) Punch

(ii Reader

(iii) teletype

(iv ) real time clock

‘ ( v ) power failure

To illustrate the ideajconsider a power failure., The computer has a
mechanism which detects the power has failed and causes an interrupt.
This makes the computer stop executing the éurrent program and go to a
power failure routine. This makes a note of what the program wam doing

and where it was, it also sets up a return. When the power is restored

the operator then only has to press the start button and the original

program execution continues.

.Settin@ up Interrupts

The program which is.going to be interrupted must set up certain
instructions to allow the interruption. First it must specify which
device or devices may interrupt it. It must then specify where the ex-

ecution is to continue when the interrupt occurs. Finally it must enable

the interrupt. If the interrupt is not enabled it causes no action, but

’ P

'is stbred until it is enabled, then it causes its action. When the inter-

rupt occurs, execution of the first program ceases, and execution is

transferred to a preselected point., Here the new program tests to see




which device has interrupted. The programmer can arrange a priority
structure so that if a device of low priority interrupts, all the interr-
upts of hicher priority are reset. 11;1 this way the execution of one in-
terrupt can itself be interrupted while a higher priority device is sexrvi-

ced. Fig (.7 ) shows a possible structure.

HMAInN PRoOCRAM.

INTERRUP T SERVICE RouTivE,
\

HERE ™\
wren
NTERRVPTED)

SET VP STORE i
REGISTERS
INTERR - & RETURN

vPTS.
[

i

ADDRESS .

NoRHAL Pyve -
RESET 7
fkoqmrf DevIcES
OF BIGHER
| | PRoRITY, |
v |NormaL SERvICE ]
’ i
feogeam “ ' DE"“’;J

_Fig (7 )

Reader/Punch Interrupts

Can be used when a large amount of data is to be read or punched,
with only a small amount of computation. Calculation occurs whilst the
tape is moving between character positions. As soon as the character is

in position an interrupt occurs and the character is transmitted.

Real Time Clock : . ;

C

The clock can be used in two ways:




(i) to cause an interrupt after a certain length of time.
BEg. in case a program has gone into a never ending

Joop

—~
e
e

~

to time the running of a program.

The clock can be started and stopped by special instructions. Its method

e
of operation is to ass one onto a dedicated memory location ( 61) every

20 milliseconds. (50 pulses/seoond). An interrupt is generated when the
location changes over.from '177777 to '000000. The incrementing does not

affect any other program operation.

To time a program

3
15
Times of up to- 2 5o seconds can be recorded. The dedicated loca-

tion is set to zero at the start of the progfam and the clock started. At

the end, the clock is stopped, and the time printed out.

To cause interrunt

In this case the length of time required is converted into a number
of pulses by multiplying by 50, the number is then negated and put in the
dedicated location. The number must be negative because the interrupt
occurs when the number in the dedicated location changes from -1 to zero.
The address where execution is to continue after interruption is put in
the interrupt address, and the interrupt enabled.

When the interrupt occurs execution will continue from the specified

place.

Teletype Interrupt
S

+

C . . .
The teletype can cause an interrupt when any key is pressed, provided

the interrupt is set up. The c¢haracter which is pressed is transmitted




not as far as the computer's A register, but as far as the input buffer;
The interrupt handling routine can then store the contents of the A regis-
ter before transferring the transmitted character into this register.
.Pressing the key has therefore caused two actions, firstly it has caused
the program to be inferrupted, and secondly the character hgs been trans-—
mitted. This method is used for giving commands to the continuous scanning
program, and in the BASOON interaotive/on—line program for iﬁmediate

attention to commands.




3.7, LERROR DETECTION

Three programming languvages are in use in this
system, each of which may detect an error condition.
However, in each case different actions follow.

At the BASIC level an error causes a printout,
giving the error type and program line number where it
occured. Program contrcl is then returned to the operator
so that he can take appropraite action. Similarly, FORTRAN
errors generate an error message, but this is only a two
letter mnemonic, giving a cryptic clue to the cause and
stopping computer operation.

At machine code level the programmer must
devise his own error detection mechanisms and build these
into each program.

BASIC has been used throughout as the written
language, the user having no control over the execution of
the FORTRAN or machine code subroutines, once they are
called, hence 2ll the error detections must be via that
part of the BASIC compiler which processes errors. The
FORTRAN error routine was rewritten to give its normal two
letter message followed by a direct transfer of control to
the BASIC error handler. Thus when an error is detected in
a FORTRAN subroutine (e.g. a "number overflow") this is
indicated and control transferred to the BASIC error
processor which gives the line number. Similarly, all the
possible error conditions have been allowed for at the
machine code level, here however, a two letter message is
passed to the BASIC compiler which indicates to the user
exactly what error has been made, For example, if & non-
existent channel is requested from the data logger a message
would be typed, and control return to the operator. Error
processing is one of the most important features of any
language, because the computer itself does not know that
an error has been made. It is the error detection mechanisms
which find mistakes then cause some action to be teken. If
left to its own devises, the computer would carry on process-
ing until a halt instruction was found. In the early part of
BASOON development, this was a frequent occurence.




4.1. The Continuous, Steerable Scanning Program (CSP)

This is a system developed to access a single channel of
the data logger at variable time intervals. Facilitie§
are available for changing the channel and time interval.
“Steering is by commands typed on the teletype; this allows
‘the program to be~controlled from anywhere in the building.
All the subroutines used by the CSP, with the exception
- of the time interval input; are written in machine

code via the assembler language, DAP-16.

This does limit the program, but the lessons learnt

’

during its development were used to produce the

Basoon system which supersedes it.

Figure ( 8 ), a flowchart, shows how the

‘command interpreter and subroutines are organised.

A complete assembly listing is also provided in

Figure (L2).
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System description

The program runs continuously, at pre-determined time intervals
the channel being studied is scanned and the result printed.
The timing and immediate attention to commands is achieved by
using the interrupt facilities of the H316, as describea in
section 3. Commands'may'be typed at any time (except when
results are being output ), and cause an interrupt - thus they
receive immediate attention.

‘Commands

These take the form of two letters which are typed by the

operator:-—

“ PA Pause: This stops computer operation, but

does not alter anything - to fe—start the
start button is pressed.

CA Change Channel: A ! is typed by the program=
and the machine waits for a two-digit number
to be input.

CT Change Time: A message is typed asking for

a revised time interval between scans to
' be given. This should be in the range |
to 655 seconds.

PO Print Out: Sets a flag so that the result

of the scan Will be printed.

NO. No Output: Re-sets the printing flag so

that no printing takes place.




ST

-

RC  Read Clock: Prints the time in héurs and
minutes, as takeﬁ from the clock in the
MDP 200 data logger. This is printed
even if No Output mode is selected.
TS Immediate Printout: This causes an
immediate printout to occur, as if the
time interval had finished, and printing
was due.
The method of interpreting the commands is described fully in
section 4.2.

Initialisation

3}

When the program tape is loaded and started an initial time delay

of 20 seconds between readings is assumed, a ! is output, requesting
the user to inpﬁt the channel he requires to examine., This sh§uld
be a two-digit integer. Mistakes may be corrected by'inpufting an
@'which will cause the ! to be re-typed. It.is assumed that

output is required. Processing then begins, and the chanhel

number, followed by the value of the input is typed every

20 seconds. These are modified as necessary by using the commands.

4.1.2, Subroutines Used
(a) Figufe (L14) shows the FORTRAN subroutine used to ask for a
new time interval. The message printed is:-—
INPUT A NEW TIME INTERVAL, (I3)
I3 indicates that the expected number willibe‘g:three—digit integer.
Hence, the leading zero is significant.
010 = 10 seconds

100

100 seconds
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(b) ADO ~ Address Output. Figure (L15).
When called, this routine types the number of the channel currently
being examined. The number to be output is stored in BCD form.
Only the last two digits are required, so the first two are
discarded by clearing the left-hand half of the A register.
This leaves the proper digits in BCD. Qutput is achieved by moving
the right-hand digit into the B régister using a ROTATE instruction,
~ then adding '260 to the BCD digit, converting it to ISO code. This
can then be directly output to the teletype. The A register is
then cleared beforé rotating the other digit back from the B
register and following the same output procedure.. This method

¢
of output is very simple, extremely fast, saving the trouble of
converting the number from BCD to binary and using a FORTRAN

output routine.

(c) BCDO -~ BCD Output. Figure (L16)

This subroutine outputs the current value of the channel being
.examined. As with ADO, a machine code output is used to save
time and bulky programming. The main part of the subroutine is
similar to ADO in that '260 is added to each of the four digits
in turn and the result output to the teletype. Figure (9) shows
the proceés diagrammatically.

The number to be output is initially in the A register, it is
shifted into the B register and the A cleared. Each digit is
brought in turn into the right-hand bits of the‘A register and

126D added before being output.
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(d) CAS - Change Address Subroutine - Figure (L17)

- Used to change the channel being scanned. Operation is the reverse
of BCDO, i.e. a digit is input, the '260 subtracted from it,
leaving the binary bits for that digit. (All these’ subroutines

depend on the fact that the bit patterns of the digits O to 9

in BCD are the same as the code used for input/output if 1260
is added/subtracted as appropriate).
Hence, the address is made up by inputting the first digit,

chopping '260 off it, shifting it to the left and storing this

"first half"™ of the address. The second half is then input

and chopped, and the first half added, giving the two-digit
3

address. This has '10000 added to give the full code for

output to the data logger.

(e) -CLOK - Clock read - Figure (L18)

After the pre-determined time, a clock interrupt is generated by
* the computer. This transfers program control to the subroutine

CLOK which gives the full output, consisting of:-

time ~ from the MDP 200.clock
% channel number -~ by calling ADO
Channel value -~ by calling a FORTRAN output

subroutine (POS).
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The subroutines used are:~

RCS -~ Tig. (L19)
ADO - TFig. (L15)
POS - Fig. (L20)
CRLF ~ Fig. (L21)
OTA - Fig. (L22)

(f) POS ~ Printout Subroutine — Figure (L20)

This is a FORTRAN subroutine which is called from a machine code
main program to output a decimal number.

(g) CRLF — Carriage return — line feed — Figure (L22)

Outputs one new line of the teletype - used for producing neat
printouts.

4.1.3. Conclusion on CSP

This program system worked sétisfactorily, but was very limited in
application because the majority of the programming was in-assembler.
Expansion of this system would have been possible, but only along
restricted lines. Thus, the next development would have been to
allow access to more than one channel. It was realised, however,
that some much more flexible system was required. This led to

the use of FORTRAN as the main ianguage, and almost simultaneously,

- BASIC, giving the Basoon system.
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4.2, Operation of Command Interpreter part of program

This is the section of program which examines two
letters, and exits to various places depending what these
letters are. The two letters are stored in ISO code, each
being revresented by 8 binary bits, the two letters thus
form one complete 16 bit word. This word is compared in turn
with the 16 bit words formed by the commands, these are
stored in an array called CC. This is done by loading -7
into the index register (because there are 7 commands to be

tested), and using an indexed instruction inside a loop.

That is, the contents of the index register are added to the
address before execution of the command. The command CAS
CC+7,1 does this. CC+7 is the last word of the array, and

s1 specifies indexing. Hence, the first time through, when

-7 1s in the index register, this is added to CC+7 giving

(CC+7-7) which is CC, the first command. The index register
is theh incremented by +1 giving -6, and the next time
through the command is compared with CC+7-6 = CC+1l ie the
next word.
(See program lines 68 to 73. Fig. (L2) )
If no match is found after comparisén with all seven
comménds in the array CC then no action is taken. However,
when a match is found an exit must be made. The instruction
CAS is a "Compare and Skip", which has the following action,
eg. CAS NgW

JIWP GR

JMP EQ

JMP LE
If the A register is greater than NEM the next instruction
will be executed, ie & jump will be made to GR. If the A
register is equal to NZM the next instruction will be skipped,
in this case a jump to EQ will occur. Finally when the A
register is less than N@M the next two instructions are
skipped and in this case the jump to LE would occur. In the
actual program the instructions are:

TEST IDA CENC
© CAS cc+7,1
SKP
JMP*  CPT+7,1




IRS o
JMP TEST

The only case we are interested in is when the command
given is equal to the command in the array. Hence, the
other two options must be considered and blocked, In both
cases all that is required is that the next loop should be
executed. So, putting a SKIP after the CAS makes both great-
er than and less than option increment the index register
and return for the next loop. Only when the command and
array are equal will the jump instruction be executed.

The 7 addressess of the subroutines represented by
the commands are stored in the array CPT. When the Jump is
made the index register still contains the correct command
number, which can be added to CPT+7 to give the correct
subroutine starting address. The * after the JUMP means
indirect addressing, see section (Avpendix 1). In the case
where the input command is not equal to any of the commands
in the array, the program returns to the point where it was
before being interrupted.




5.1.

BASOON -~ INTRODUCTION & DEVELOPMENT

Given the systems described in section 2, the problem was to
develop software which would make all the functionS'of the
MDP 200 available to the computer. At the initial stages

it was recognised that peopleAwith varying programming
skills would be using the system, and that basically

the same operations would be required by each éf them.

Some means of timing was desirable so that samples could

be taken at regular time intervals. The H 316 real‘time
clock was chosen for this because it is within the computer

and could cause an interrupt when necessary.

System Description

The programming is done in the standard form of Honeywell
BASIC, using a suite of subroutines to perform the data
logging and timing operations. There are five subroutines
called by the Basic statement CALL (———-) where the
arguments in the bracket are used to specify which
subroutine is being called and transfer data to and from
the main program.

Calling sequences




L.
&}
i

To call a subroutine the Basic instruction

CALL (M,A,B,0,D -~ — — =)

M,4,B,0,D etc are referrcd o as the arguments,
N is the subroutine numnber, from I to 9 and specifies which subroutine is
being called, this is instead of a name.
) The remzining letters represent data which is being transferred from
Basic to the subroutike,‘and/or back again. There need not be any
arguments exceplt N,
Calling by value is also possible,but not recommended. Thus

10 A=I0

20 CALL(2,4,3B)
could be written

10 CALL(2,10,B)
and would have the same effect. It must be noted that if values are used
for arguments which are set by the subroutine, eg answers, then these will
be lost , because there is no way of knowing where they are stored.

As a single digit isvused as the subroutine reference, up to 9 diff-

erent ones may be called. In Basoon, five are used, they are:-

T, Timing and delay

2. Inputs a value from a channel.

3. Rrads IDP 200 ciock, and digit switchés.

4. Tests a specified sense switch.

5. Audible warning.

Program linking

Using a normal high level language such as ALGCL or FORTRAN it is a simple
matter to call a subroutine which will perform some task, and then return

gram, However, with the system being described

O

control to the main pro
this is rot readily possible, because the actuval data acquisition and

interrupt handling must be done by machine code programs. Furthermore




s and outpoing commands to the data logger must all be in
number format, this necessitates a conversion for which no high level
language could be used. The problem is compliéﬁgéd by the fact that Basic
uses only floating point nmumbers, each of which require two words of
storage, whilst the values from the data logger will be integer even after
é§nversion from BED to binary. Thesezérgﬁlemngere oVerpome by using an
intermediate stage between Basic i// ~chi '/oaé_tézﬁérfgrﬁgthf/necessary

number conversions (Iﬁteger floatiﬁgﬁpoinﬁ), ;Thusrthe/cémpléte cycle-

Basic through Fortran to machine code,

would involve transferring data from

here it would be used as a command to the data logger, or interrupt system,

and the result passed back.




5.2. THE BASOON SUBROUTINES -~ GENERAL

Each of the subroutines is described with its calling
sequence, operation and error dignostics. (The order

is of increasing complexity).

-Audible Warning

This subroutine is used to draw the operator's attention
by ringing the bell on the teletype - no other action

is performed.

Calling sequence: CALL (5)

When the call is executed there are no arguments to be
transferred, so it is a direct call from Basic to machine
code. At this level the appropriate code is output to

~the teletype, and a return made to Basic. This is the




simplest subroutine because it does not involve any data transfer, and no

errors are possible.

Sense Switch Test.

This operation tests any one of the four sense switches on the computer
ontrol panel their duplicates which are wired i arsllel the MDP
control panel, or their duplicates which are wired in parallel on the JiDI
200 mobile cabinet. No data is transferred from Basic, but an answer is
brought back.

Calling Sequence CALL (4,M,R)

4 is the subroutine number

N the number of the switch to be tested, and R the result of the test. If

the switch is set R becomes equal to I otherwise R equals 2.

This is a standard Honeywell library subroutine written in Fortran, so no
special programming was called for., It should be noted that sense switch
one is used to cause a program breck in Basic, and is therefore not

available for user options.

MDP 200 Clock and DiZitel Switch Read

This routine performs the dual function of reading the time from the MDP
clock, and inputing a value in the range O to 9999 from the digit switch-
es on the mobile cabinet. These switches take the form of thumb wheels

which are turned until the reguired digit shows in a small window,

Calling Sequence CALL(3,H,S,D)

3 is the subroutine number




When the call is executed; control passes to a Fortran subroutine which

itself calls a machine code subroutine to access the data logger. At this

level, a data word is sent out from the computer instructing the logger to
read the hours anrnd minutes from its clock. ‘When the computer rcceives a

1

nal to say this is ready, it accepts the value, converts it from ICD to

3

i

6}

[

a binary number and stores it. This procedure is then repeated for the
seconds and tenths of seconds followed by the digit switches. The three
words of information are now in the computer, but only available at the
mechine code level, as integers. These are transferred back to the Fortran
level, and here converted to the floating point numbers which are taken

back to the Basic level, Here it is set ecual to a four digit number re-

presenting the hours and minutes, between 0000 end 2359 Similarly, S
is the seconds and tenths in the range 0000 %o 5999 and D the digit

switch value 0 +to 9999

In this subroutine data is only being transferred in one direction,

from the logger to the computer,

Channel inmut

Each of the 39 channels can be 'read' by the computer. The system is cap-

able of expansion to 99 channels in steps of I0 by adding modules. Any

type of electrical analogue inptu may be used, the ones currently in oper-

atiorn with this machine are :-

Thermocouples (Cr-21) .
Pressure transducers
Differential pressure transmitters

Flow meters

Calling Sequence CALL(2,C,V,)

2 is the subroutine number
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auses V to be set egual to the value of the input
on chammel €. This involves passing the velue €, in the range T to 39,
to the 1og“er, and returning with the input value. The process is as
follows., A Fortran subroutine is called which converts the value of C

from floating pointto integer. At this point a machine code subroutine

is cafled. to access the data logger. This does the actual data lozging,

and passes the input value back to the Basic prograom via the Fortran
I ¥ prog
level., So, by one simple call statement the whole series of dsta logring

instructions at machine code level have becn performed., This enables a

ot

person with very little knowledge of the syvstem to use it effectively.

Error Diasnostics

In this subroutine there are two possible error conditions. One that the
ch nnel number specified is less than or equal to zero, two, channel rumb-
er gfeater than 39. These are indicated by error messages in the usual

Basic format, that is, two letters represernting the type of error; follow-

A

by the line number at which the error occurs.

. . . | ~ <
Thus, CU indicates 'Channel Under flow' (co)

CO  'Channel Overilow' (C>39)

At first sight this may not appear necessary, but it was found that mean-

ingless answers were produced if non-existant channels were interrormated

Tinmings Znd delay, Subroutine T

This is the most complex subrouvtine, and

the computers real time clock, togetther with simultaneous interrunt from
the teletype and real time clock. During timing a delay may be called for,

in which case the delay time is incorporated in the elpsed time without

loss,




Calling Sequence CALL (1,T,D,E)

1 is the subroutine number.

This routine is called in three different ways; fo start and stop
timing and to cause a delay.

The argument T specifies which function is being pefformed by

this call <
i.e. T=1 for a delay

T=2 to start timing
T=3 to stop timing

D is the required delay, in seconds. This may be in the range
0.02 to 655.0. (The computer can handle numbers in the range p
215 -1, 655 x 50 = 32750 .. this is the biggest possible delay).
T is the elapsed time (when timing).

Although both D and T are no£)used at the same time, both must

be used in the call statement for completeness.

Timing

When called for timing the actipﬁ of  the subroutine is to start
the computer's real time clock (T=2), then return to normal
execution of the BASIC program. To retrieve the elapsed time
another call is made, with T=3. This causes the time, in seconds,

to be allocated the name T. Time is counted in 50ths of a second,

so very accurate timing is possible using this mechanism.

-

A delay is called for by putting T=1, and D equal to the required
delay. In operation the delay is set on the real time clock, while
the Eomputer goes into a wailting program. Computation may be
continued, but the usual reason for a delay is to keep the machine
running awaiting further action, e.g. a sample, is to occur. At
the end of the deléy the clock causes an interrupt, which‘brings

the computer out of the waiting loop and returns




to the Dasic vrogram, At an early stage it was found that once a delay was

Jda

entered the operator waw incapable of toking any action to control his
program, In this situvation the teletype interrupt mechanism provided an
ideal solution. The deley program has been written so that during the
delay the overator may cause action by typing commands on the teletype.
Thelength of the delay is unaffected, because the real time clock within

the computer is running 'undexr' thie program. Typing a C ceauses prograrn

ol

control to be returned directly to the operator, ie. the 'command mode'

-

of

[y

lasic. An 'R' (for ‘return') causes the delay to be terminated, but
program execution to be continued as if the delay had run its full pexiod.
If timing was in progress as well as a delay, and an R is typed the elapsed
time will be the actual elapsed time, and not that which would have in-

cluded'the full delay time. Any character other than C or R will be ignor-

ed, having no effect on the tiging or delay.

Timing and Delay

The same clock, that in the computer, is used for both timing and delay.
However, it is possible to use it for both ‘'simultaneously'. Eence, even
though timing is in progress, a delay may be used. This is done atl the

machine code level.

Exrror diagnostics

A
There are four error conditions possible in this subroutine, each of which

is identified by its own message, these are:-

RU 'Rumning' - this indicates that a call has been made to start the
clock timing, whilst timing is already in progress.

NR 'Not running' - the user has tried to stop timing before he has
started.

W 'Type wrong' - argument I'(T in the example) is not a I,2 or 3.




™ fTime underflow' - a delay of less than 0:02 seconds has been re-

A

requested, which is out of the permitted range.

If a delay greater than 655 seconds is called for an error occurs in the
Fortran number conversion, which again results in detection and a printout
from Basic.

Program LExamples

To illustrate the use of the Basoon system the following examples have been

chosen, they are written in Honeywell Basic.

Example I To input the values of chamnels I to 25 then ring the bell.
10 DI K(25)
20 FOR S=I, 25
20 CALL (2,8,K(8))
40 HEXT S
50 CALL (5)

60 STOP

Examnle 2 To read the digit switch on the MDP 200 mobile cabinet.
10 CALL (3,4,3,C)
20 PRINT C
30 STOP .
Examovle 3 To read the time from the KDP 200 clock.
10 cALL (3,43,0)
20 PRINT A4; 'HOURS/MINS'; B; 'SECS, SECS/IO!
30 STOP
Example 4 To test the states of all sense switches.
10 PRINT 'SENSE SWITCH STATES ARG~—w-'

20 FOR F=I,4




For the

Example

Example

: Examnle

30
40
50
60
70

M=0

CALL (4,F,M)

IF M=l THEN PRINT
PRINT "RESDT Y
STOP

Ty "SET"s GO TO 70

It

5 To time a calculation

5 A=0
10 CALL (1,2,A,A)
20 REM A IS A DUMMY ARGUMENT
30 FOR H=1, 1000
40 G= H+1

50 NEXT H CALL (1,2,A,T)
60 CALL (1,3,A,T)

70 REM A IS A DUMMY

80 REM T THE ELAPSED TIME
S0 PRINT "THAT TOOK"; T3
100 STOP

"SECONDS™

above example the time will be about 6:06 seconds.
6 To cause a delay.

5 D=0: A=0
10 CALL (1,1,D,A)
20 REM D IS THE DELAY
30 REM A IS A DUMMY
40 STOP

7 To scan a channel every N seconds.

10
20
30
40
50
60
70
80
90

INPUT N,C

REM N IS TIME BETWEEN SCANS, CHANNEL C
CALL (1,2,A,A): REM START TIMING

CALL (2,C,V)

PRINT V

CALL (1,3,A,T)

D=N-T

CALL (1,1,D,A)

GOTO 30
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5.3. The Basoon subroutines - detailed description

This section comprises a detailed description of the operation
of each of the assembler subroutines, together with its

calling sequence through the different programming languages.




5.3.1. Subroutine 1. Timing and Delay

This is the largest and most important subroutine in the seriecs.

Figure FS1 is a flowchart and Figure L3 a complete aséémbly listing.

The calling sequence begins with the BASIC statement:-
CALL (1,ARG1,ARG2,ARG3)

This passes control to the FORTRAN level, where the program FTIME

takes over. This is listed in Figure 14. ' o

FTIME does the following:-

(TYPE OF CALL) ARG1  converted from floating point
to integer.

-(TIME DELAY) ARG2  the number of seconds in the delay -
this is multiplied by 50, to give the
number of clock increments and
converted to a negative integer.

(ELAPSED

TIME) ARG3 Set equal to zero.

N.B. On the return from the assembler
subroutine the number of clock increments
is divided by 50 converted from integer
to floating point and stored in ARG3.
FTIME then transfers control to the assembler level by calling

TIM by the FORTRAN statement:-

CALL TIM (ARG1,ARG2,ARG3)
Program control is then passed to the assembler level where the

required action takes place.
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The first thing done is to call the argument transfer subroutine
FEAT. This causes the locations at which the arguments are stored
to be transferred to the subroutine lines 23 to 27 in Figure L3.
The arguments themselves are accessed by indirect addressing
through FP, DP and RT.

TYPE 1

The processing part of TIM begins by fetching the first argument,
LDA®FP — line 30 Figure L3, and testing this to determine what
action is required. (see Figure FSI; block Ti). A true fésult
indicates that a delay has been réquested, this causes TIM to

test whether it has previously been called for.timing (block T2).
This is necessary because the same clock must be used for timing
and delays. If the clock is not béing used, it is clear for use
and a clock interrupt isvset up for the required time delay. If,
however, the clock was being used it must be handled with care

or the timing part will be lost. The clock is first stopped and

a flag set to indicate that timing was in progress when the delay
was entered. The elapsed time is fétched, and added to the
requested delay, and the result stored in the B registér, leaving
the clock free and the total timezsaved. A clock interrupt is ﬁow
set up in the same way as it is when the clock is initially free.
During the delay the machine executes a time~wasting program;
this must be done to keep it runniﬁg. It should be noted that if
there is any other computation to be performed the delay time cquld

be used for this.




While the clock is in operation it increments location '61 every
20 ms (50 times/second) and when this location changes from -1 to
zero (1177777 to '000000) it causes an interrupt to be generated.
This is the reason for using a negative integer for the time delay.

Teletype action during delay

To permit operator action during the delay a teletype interrupt
handling routine is built into TIM. This enables interrupts to
be generated by the teletype as well as the clock, whilst a delay
is in progress.
The TIM interrupt handler tests whether the clock or teletype
interrupted and takes appropriate action. 1In the case of the
clock, this indicates the end of the delay, before a return to
the FORTRAN level, the flag is tested to check whether timing was
in progress when the delay began; if so, the elapsed time must be
restored and the clock re-~started before returning. The teletype
causes a different action, . there are three possibilitieé:—
i) an "R" for RETURN - this instructs the program

to terminate the delay immediately, as if it

had run its full time. A correction is made

when timing is also in progress, so that the

recorded time is the actual time elapsed, and

not that which would have elapsed if the delay

had run its full course.




ii) a "C" for COMMAND - this causes all the necessary
initialisations to be performed and an exit made
direct to the COMMAND MODE of BASIC. This can be
very useful if an extremely long delay is entered

accidentally.

iii) Any other character ~ this causes an interrupt,
but when the character is tested and found to be

invalid, a return is made to the delay.

It should be noted that the clock is kept running during these service

routines so that the delay is exact, no time being lost or gained no

matter how many invalid characters are typed.

TYPE 2 (start timing)

If the type call was-not a 1, the type argument digit is tested for
; being a 2, (figure FS1, block T4). If this is true, TIM tests

whether it is already tiﬁing a program by examining the "running

flagh The flag is set whilét timing is in progress, so if it is

found set the user has tried to start the clock whilst already

running. This causes an exit from the subroutine via the error
processor of BASIC, producing the‘message RU ;(RUNNING). The
running flag is re-set whilst the error is processed.-‘Normally
the clock is not running, in this case the running flag i; set

and the cléck started., Control is then returned to the BASIC

level via FORTRAN.




TYPE 3 (stop timing)

Having found that argument 1 is not a 1 or 2 TIM tests it for being
a 3, (figure FS1, block T5). If the argument is not a 3 a wrong
type call has been made and an exit is méde giving the message

TW at the BASIC level. |
A true result causes the running flag to be tested; this indicates
an error if not set, as a stop clock command has been given whilst
the clock is stopped. This results in the message NR for
NOT RUNNING.

Correct calling results in the .clock being stopped, the running
flag being re-—set and the elapsed time fetched ready for conversion
to seconds. The time isliﬁ clock increments and must be divided

by 50 to give seconds. This is done at the FORTRAN level.




5.3.2. Subroutine 2 — Channel Fetcher.

Calling begins at the BASIC level with the statement CALL
(2,ARC1,ARC2), control passes to the FORTRAN level, where the
intermediate subroutine FCHANL takes over (Figure L10).

FCHANL performs the conversion of the channel number (ARG1)

the input value from integer to floating point. The actual
data 1ogging réufine which operates at the ASSEMBLER level is
FET. (Figure FS2 is a flowchart; Figure L1 an assembly listing),
at the FORTRAN level the call is o

CALL FET (ARG1,ARG2)
FET

_ Upon entry FET calls the argument transfer routine FEAT, which
transfers the locations of the ;rgumenté into the subroutine.

In the data logger there are 39 inputs, numbered serialiy from

1 to 39, hence any call éutside this range ?ill result in useless
data being fetched. To avoid this, the first argument, (the
channel number) is tested first to see if it isggo and then »39,

blocks T1 and T2 of Figure FS2. The appropriate error printouts

ares—

CU - CHANNEL UNDERFLOW if ARG1Z0

00 - CHANNEL OVERFLOW if ARGL)30
Having passed the range teét, the numher is converted to BCD and
put into the appropriate format for output to the data logger.
This takes the fbrm TIONM, |
I is used to tell the data logger that the amplifier gains are
pre-—set on a‘patch panel. N and M are the fwg digits of the

channel number.




SJIBs00TINE CHANL

SUBROJTINE CHANLCC, 8)

i

1C=15TXCC+05)

CalLL, FETCIC,I14)
A=FLOATCIA)
RETUAN

END

@ L10
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This word is assembled in the A register and transmitted to the
data logger which examines the specified channel and returns thé
input value to the comﬁuter. " The sign is tested before éghversion
from ECD to binary, and a fldg set if;the result is positive.
(Negation is by twos complement wﬁicﬁ would give a meaningless
answer when applied to a BCD number, this led to some extraordinary
results during carly development work)."

After conversion reference is made to thig flag to determine
whether negation is required. The result is now in integer

format and is passed back to the FORTRAN level for conversion

to floating point and return to BASIC.




5.3.3. Subroutine 3 — Reading the MDP 200 Clock and
data switches.

Two functions are performed by subroutine 3; firstly the time is

read from the MDP clock, secondly the scan data switches (integer

|

digital data) are read. Figure FS3 shows the flowchart, figure
L5 the assembly listing. |
The calling sequenceé at the BASIC level is:—
CALL  (3,ARG1, ARG2, ARG3)
Execution of this transfers control to the FORTRAN level, where
the program FCLTS operates, (Figure L6), allocating storage for
the data, and initialiéing this to zeros. Transfer to the assembler

level is achieved by the FORTRAN statement:-—

CALL  CLTS (ARG1,ARG2,ARG3)

As before the argument locations are transferred before any other
operation. The required information is retrieved by loading the
appropriate code into the A register and calling a subroutine

FECO (Figure L7). This is similar to FET, but its function is only

to output the contents of the A register and exit with the

corresponding input in the A register. No sign test is required
because the time and data will always be positive. The input value

is converted to binary and passed back to the FORTRAN level before

the second and third arguments are processed. Control is returned

to FORTRAN for floating the inputs and final transfer back to BASIC.
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5.3.4. Subroutine 4 - Sense Switch Test

This is a Honeywell extension of FORTRAN IV (Figure L8 - listing)
which allows the user to test the sense switches. The program is
called as a FORTRAN subroutine directly from BASIC:-

CALL (4,N,M)
Switch N is tested, and M made equal to 1 if the switch is set
and 2 otherwise. It should be noted that switch one is used to

cause a program break in BASIC precluding its use for options.
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5.3.5. Subroutine 5 - Audible Warning

This is a direct transfer from BASIC to ASSEMBLER and back again,
because no arguments are to be converted and/or transferred.
Figure FS4 shows a flowchart and Figure L9O an assembly listing.
The routine operates simply, in that it loads the appropriate

code for the teletype BELL into the A register ('207) and outputs
this to the teletype. Before returning to BASIC the routine sets
the teletYpe interface back into the input mode, this is necessary
because the BASIC compiler operates with the interface 'set for

input, only setting it to output as necessary.
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5.3.0. FORTRAN ERROR ROUTINE — FEER

Throughout BASOON, FORTRAN subroutines are intermingled frecly with
ASSEMBLER routines and linked to tlie BASIC compiler; however, it must
not be forgotteh that these use their own error detection @echanism
FEER. This is a Honeywell subroutine which is called whenever an
error condition is detected, its function is to print a two-letter

error mnemonic and halt. Thus program execution is stopped, with

no satisfactory means of recovery back to the calling level (BASIC).
During the development of BASOON it was necessary to know not only

what error had occurred, but also in which of the FORTRAN

subroutines the occurrence took place — with this in mind,
FEER was re-vritten. The new routine retains the name FEER, to
save re-writing the whole FORTRAN package, and performs the
following functions:—

i) the two—lettér FORTRAN mnemonic is pfinted

ii) the octal location from which the error

routine was called is printed.

iii) an exit is made to the error processor in

the BASIC compiler. ,
An error printout from the FORTRAN level would therefore have the
followiﬂg forms -

XX a two-letter error MNEMONIC from FORTRAN

NNNNN  the octal location from which the call was
made, together with a "MEMORY MAP" - this
enables the faulty routine to be located.

>< is a BASIC message to tell the user that
-an error occurred at the FORTRAN level.

' Z2ZZ  is the.line number in the BASIC program

which was being executed.

This special FZER is listed in Fig. I 11
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5.4. BASOON INITTIALISATION

The entire package 1s contained in one self
loading tape. When loaded into the machine and execution
started an initialisation routine is performed. A printout
is provided below, Fig. L 13 for reference. The ! signifies
that the compiler is requesting a reply from the user.

The special modifications necessary to the
compiler were done at ASSEMBLER level, and are listed in
appendix 6 (BASIC INIT. MODS).




BASOON INITIALISATION

L 13
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6. The uvse of the Basoon system for data acauisition

The data acouisition system may be used in a

variety of ways, the most usual are:

( i ) Yonitoring - Scanning channels looking for
abnormal reading and taking some action if
these are found.

(ii ) Simple data acquisition — When the data is
not used immedietely, but is processed at
a later time, perhaps on a different
computer.

(iii) As (ii) but at a specified time interval.

(iv ) Data input followed by immediate processing.
In (iii) and (iv) two possibilities exist, these are:

a) That the time between samples will be greater than the
acquisition and output or vprocessing time, in which case a
delay will be called for until the next sample.

b) Time between samples less than output or processing time,
here some extra programming is called for to ensure that
the samples are taken on tine.

6.1. Monitoring only

Here we are concerned with inputing a value and
seeing whether it is within predetermined limits.

Consider all 39 channels are to be monitored. The
limits would be determined and held in an array, say L. As
each value is input it can be compared with the upper and
lower limits and appropriate action taken.
eg. 10 DIM L(2,39): T=0

20 FOR A=1, 39
30 CALL (2,4A,I)
40 IF I)L(1,A) THEN GOSUB 110
50 IF I<(2,A) THEN GOSUB 110
60 NEXT A ‘
70 CALL (4,4,T): REM TEST SS4
80 IF T=1 GOTO 100:REM EXIT IF SET .
90 - GOTO 20
100 STOP )
110 PRINT "CHANNEL"™ ; Ay "IS"; I; "LIMITS ARE%;




115 PRINT L(1,A); "TO" 5 L(2,4)
120 RETURN

This example will test all the channels, and print the
message eg.

CHANNEL 24 IS 705 LIMITS ARE 1000 TO 1020

After each scan a test of sense switch 4 is performed to see
if further monitoring is required. This type of program
could easily be built into a more sophisticated data logging

routine.

6.2. Simple Data Acauisition

Consider the case of examining 10 temperatures
during an experiment in which the operater must decide at
what point to take his reading. Here only the data is
reguired, with no processing. A typical program would be:

10 DIM R(25) -

20 FOR C = 15, 24:REM CHANNELS 15 TO 24
30 CALL (2,C,R(C))

40 NEXT C

50 PRINT ¢PRINT:REM SPACING

60 FOR C=15,24

70 PRINT R(C)

80 NEXT C

90 STOP

Typing "RUN" would cause channels 15 to 24 to be scanned
and the input data stored in the array R. The data is then
printed. A data tape could be obtained at the same time as
the printing by switching on the teletype punch.
Alternatively if a Basic program is going to be used for
the processing a special program could be written which
would output the information in the form of data statements.

6.3. Input and Printing at reeunlar time intervals

‘ This uses the Basoon timing and delay subroutines.
The length of time taken to fetch the data and print it is
measured, and a delay entered for the remainder of the time




to the next sample. The case where the printing time is
greater than the sampling time is dealt with in section

6.4

' For an example consider taking readings from channels
-1 to 10 inclusive every 2 minutes, and printing the results.

10 DIM R(10) : A=0 = T=0
20 INPUT S : REM TINE BETVEEN SANPLES
30 CALL (1,2,A,A):REM START TIMING
40 FOR C=1, 10
50 CALL (2,C,R(C))
60 NEXT C
70 PRINT :REM SPACING
80 FOR C=1, 10
90 PRINT R(C)
100 NEXT C
110 CALL (1,3,A,T,):REM STOP TIMING
120 REM T=ELAPSED TIME
130 D=S-T
140 REM D=REQUIRED DELAY
150 IF D=0 THEN GOTO 180
160 CALL (1,1,D,A) + REM CALLING DELAY
. 170 GOTO 30:REM RESTART
180 PRINT “SAWMPIE TIME TOO SHORT!"
190 GOTO 30 |

The above program would examine the regquired channels every
S seconds and print the results, if the printing took longer
than S seconds a message would be printed and the next sample
taken. For most applications this overshoot would not be a

-

serious problem.

6.4. Input and Processing at regular time intervals

For some agpplications the overshoot mentioned in
section 6.3. would not be acceptable, for example, when the
samples are required to be taken at exact time intervals.
The difficulty can be overcome by some extra programming,
forming an operating system. '

The method consists of having a small subroutine
which keeps track of élapsed time and returns
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to the processing, or, as the next semple time approaches
the subroutine calls the sample at the appropriate time then

returns to processing. A possible flow chart is given in

FIG. (Fs)s.

The test subroutine is called at various convenient
places during the processing part of the program, and 2t the
end of processing a test is made to see if data processing
was in progress, and in the NO case a delay is caused until
the next sample is required. For YES, the elapsed time is
found by stopping timing and adding the time onto the

running time total, if there is sufficient time for more

processing a return is made to the processing program.
Insufficient time leads to a short delay until the exact
time the next semple is due. The incoming data is put into
temporary storage, then if processing was in progress it is
packed into an array column to await its own processing turn,
otherwise it is transferred to the current data array and
processing started immediately.

This programming proceedure allows samples to be
taken at very short time intervals and processed as the
machine is ready. The number of samples which can be taken

is limited only by the storage capacity of the computer. If

8 very large number of samples was reouired a further refine-—

ment could be incorporated so that as the stored data array
was processed the columns which had been used could be
overwritten by further incoming data. Eventually however

the stage would be reached where the array had been comvlete—
ly filled and filled again up to the data set currently

“being processed, and at this point no more data could be




T.1l. RESULTS AND DISCUSSION

The intention of this research project has
been to investigate the possibilities of developing a flexible
user orientated computer package to link a high speed
digital computer and existing data logger. This has been
found possible, and fully implemented, to this extent
the software package is a major result. Some aspects of
the uge of the system have been studied, and the results of
these studies are reported here to enable users to make the
begt use of available functions.

7.2, DEMONSTRATION PROGRANS

Thig program provides the user with a complete
demonstration of the capabilities of the package. Each
channel is read, timed, and sense switches tested. The
program is listed in Table 7.1l. and provides a reference
for users. A sample execution of this program is given in
Table 7.2.

Te3.1. THE DISTRIBUTION ANALYSIS PROGRAM

Thig program was intended to show the dlstrib-
ution about its mean point of the incoming data. The
program itself is listed in Appendix 5. A sample printout
is provided in Table 7.3. which shows an analysis of data
taken from channel 22, 200 samples were taken and a very
good distribution obtained. The printout shows the
digtribution first in a numerical taﬁle and then in the
form of a histo gram to give a graphical representation.
The data, as shown by this printout is very accurate, so
this program does not show a great deal and was superseded
by the Ensemble test.

Te3.2. DATA CARRY-OVER FROM PREVIOQOUS SCANS

When the data logger is operating there couvld
be a tendancy for the incoming signal to be retained in

the digital voltmeter and buffer and affect the next results.

04




If +this happened it would be most apparent when changing
channels, in which case the first scan of any channel
would be the most likely to be inaccurate. To investigate
$his possibility the sampling test was written. (The

program is listed in Appendix 5).

This program takes 50 scans of a channel
consecutively, followed by 50 scans non-consecutively. To
obtain the non~consecutive samples, scanning takes place
from the channel below the one on test to the one above.
¥or example, when testing channel 20, one scan of channels
19,20 and 21 would be performed with the scan of channel
20 being the required input. Table 7.4. shows the output
from this program. Each of the 100 input samples are print-
ed together with some analysis. This test was performed on
ell the available input channels and the results are
included for reference.

7.4.1. ACCURACY OF INCOMING DATA

As we are concerned with a system for high
speed data acquisition it is of prime importance that
these data are accurate. The programs that have been written
and used were intended to test the accuracy of the system
and enable recommendations to be made to future users.

The factors influencing accuracy are:

a) Data carry-over from previous scens - dealt with above.
b) The rate of scanning the channels.

¢) The number of consecutive scans which are averaged to
give an input sample, (ideally this should be 1).

Al

Ted4.2. THE RATE OF SCANNING & THE NUMBER OF SCANS PER SANMPLE

It was decided that both of these could be
inVestigated by one test progrem. This has been titled
The Ensemble Test Program. (See listing in Appendix 5).
The Ensemble is defined as the number of scans in any given

Y
¥
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sample. Thus if an Ensemble of 5 is used the channel is
gcanned 5 times, and the average of the 5 scans is taken
as the sample.

The Ensemble Test Program begins by taking
one complete scan of channels 1 to 29, this is timed to

-determine the scanning rate. The '"true mean® of each

channel is taken in this instance as being the average of
50 consecutive scans of a channel., This is found for each
of the channels used,; i.e. 12 to 29 inclusive.

For each of these channels 20 scans are then
taken, and the average calculated for an ensemble of 1 to
20. These data are then printed, Table 7.5. gives these
data for scanning rates of 7,9,12 and 14 channels per
second. . It will be noted looking at the 5 pages which each
printout occupies that it is somewhat difficult to inter-
pret this data readily. The program was therefore extended
to include accuracy codes. These codes are the letters of
the alphabet A to H and the asterisk (*), which are printed
in the form of an array and represent the deviation of each

.sample from its true mean. The program has been,written

in such a way that the percentage bands represented by
these accuracy codes can be altered easily, hence the
current values assigned to each code are printed before the
arrays. The full results considered together show that the
sccuracy is very high even with fast scanning rates. As
might be expected at the fast rates, slight inaccuracies
do occur, the equipment was found to require approximately
30 minutes to warm up and a set of results of the Ensemble
Test teken during this period are included for reference.
(It will be noted from the results that channel 15, one of
the pressure transducers, prbduces erratic resulits, this
indicates that there is a fault somewhere on this line).

T.5. SCANNING RATES

The scanning rate is adjusted by a potentiometer
located on one of the printed circuit boards in the data

‘logger. This adjusts the scanning rate by varying the time

between the closure of the read relays and the operation

&
&




of the analogue to digital converter. The minimum and

maximum rates obtainable are 7 and 14 channels per second,
respectively. In view of the results of the test programs
the system may be confidently used at maximum scanning

rate teking only one scan to each sample.




TABLE 7
THE RESULTS OF VARIOUS PROGRAMS

1. The Demonstation Progranm
2. Sample Printout from Demonstration Program
3. Sample Printout from Distribution Analysis Program

4. Complete Printout of Execution of Sampling Test Program
showing 50 consecutive samples and 50 non-consecutive

semples for channels 12 to 29 inclusive.

5. Ensemble Test and Accuracy Codes - Printouts at 7,9,12

and 14 channels per second, showing the accuracy of
incoming data.

6. Ensemble Test and Accuracy Codes - an execution during
the warm up period showing how this affects the results.




LIST.

{1 A=0:T=0: PEINT “DEMONSTRATION PROGRAM"
2 DIM Z(39) :
5 X=20 . ,
¢ PPINT ¢ PRINT : PRINT

40

55
60
61
€2
63
€6
€7
€8
g0
90
. 100
101
105
106
110
120
130
135
140
145
150
155
160
170
180
190
185
196
200
210
220

PEINT “ONE SCAN OF CHANNELS 1=-39%

PRINT "BELL INDICATES START & END OF SCAN®
CALL (5) _ ,

CALL (1,25 151) S

FOR G=1,39 o N o ¢
CALL (2,G5Z2(G)) S :
NFXT G

CeLL (5) . : - .,

CALL (153,A,T)

PEINT "“THAT TOOK"3 T;'"SECONDS"
PRINT ¢ PRINT |

PRINT "THE VALUES AREeseeces' "

FOR (=1, 39

PRINT €»Z2(Q)

EXT © ’ :
PRINT "NOW A DFLAY OF 20 SECONDS"

PRINT "BETURN TO COMMAND MODE DURING DELAY BY

PRINT "RETURN AND CONTINUE PROGRAM BY TY PING
PRINT , ‘

CoLL (15 1,%XsB) ‘ . \ .

PRINT ¢ PRINT . o

PFINT 'MDP CLOCK TIME"

CALL (350585 0) . » ) -

PRINT AsB o . g o

PRINT . - S C

PRINT "SCAN DATA Sww™sC ' :

PRINT "SENSE SW STATES AREoo.

FOR F=2s 4 A

M=0 ) . ' ~ .

CALL C45FsM) - . -

IF M=1 THEN PRINT F3"SET": GOTO 190

PEINT F3"RESET" T

NEXT F . N T S
PRINT L B .
PRINT

PRINT "THAT'S YOUR LOT"
PRINT ¢ PRINT t PRINT. .
STOP. .

t

TN D .

R"

. TABIE 7.1 DEMONSTRATION PROGRAM.

TYPING C"




ONE SCAN OF CHANNELS 1-39
FFLL INDICATES STAHT & END OF SCAN .
THAT TOOK 2.16 SECONDS ' ~

mE V[\LUES AFEooout
-9999 - « .
9999 » o , . _ o
-9999 : .
-9999 ' , ' -
-9999 ‘ S : S
-9999
-9999 : .
-9999 R e
-401 - ' ‘
10 - -9999
11 9999 - - - o
12 -9999 : R .
13 -9999 IR . _ .
14 ~9999 ' o o o« , _ -
15 -9999 . S ¢
16 -9999 , : . S n
17 ~9999 T, R
18 _9999 : S ) ST . i . ’\‘-,.«'
19 o =4401 ‘ : : ..
20 ' -9999 . - T L
21 9999 . . = o - ] T
00 ~ =9999 S SEE R ‘
23 9999 : o ’ o A
24 -9999" e . ' -
25 ~ -9999 o o .
o6 -9999 - . - . F o
27 . =not o N e
o8 -9999 = S I o . o
29 -7101 e S e
30 _ -9999 . o . :
31 9999 Tt e _
32 =-9999 : L e ' :
33 -9999 ] L
34 -9999 - _ Lo o
35 -7999 ; e
36 -9999 <
37 - =9999 LA
38 - 3799 I
39 -9999 o -
NOVW A DFLAY OF 20 eECOVDs ' .
EETUFN TO COMMAND MODE DURING DELAY BY TYPING € : ,
RETUEN AND CONTINUE PROGEAM BY TYPING R ¥ o i -
R . : o : , )

ORI DU D WN -

MLP CLOCK TIME R T
1340 3130 . S

SCAN DATA SKV 5676 s e .
SENSE SW STATES AREeee - . ot o o o L
2 PRESET N A P
3 SET e

4 RESET PABIE 7.5 IR o

THAT'S YOUR LOT -

220 EXIT
3
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TABLE 7.3, ‘

RUN [

DISTRINUTION ANALYSISe \,

CHANNFL ? '

P R 122

1 - {  TIME BETWEEN SAMFLES? }
. : . ; 12 !

SCANS/SAMFLE?
120 ;
SAMFLES? i
1200

P . ANALYSIS OF DATA FLIiOM CHANNEL 2e
I 20 SCANS TO FEACH SAMFLE. é
P j © . SAMPLES TAKEN EVERY 2 SECONDS ;
‘ . e s aah ) BETIE R Ies -~ - e aiSan dmret e e A et e e i 42 % # v ST —— = - . — e cpmmaes . - =
l‘_ e e e e o e et et oot 4 e e i 5 §
ANALYSIS OF SAMPLE MFEANSe
LARGEST SAMFLE MEAN 753 |
SUALLFST 751 4 ;
LARGEST STe DEVe . 128145 ;
SMALLEST 0 ;
! ' THE MEAN OF THE SAMFLES IS 7526055
AND THEIR STe DEVe 928921 L
Lo '"“'"ij e —_— SN (., ......
: i
DISTRIBUTION OF SAMTLES : -;
VALUE NOe. OF POINTS 4
751 3
! .. 752 183 (-
. 753 14 ,
g f
: » L )
e B

~

! 751 kkx '
f 752 TOO MANY FOR ONE LINEI

TS53  skkoskskodoksksdorskdkeokokk

P U

' Samplé Printout of DISTRIBUTION ANALYSIS PROGRAM
- : . (Section 7.3.1.)
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Ae CHARD SAMPLING TESTe- PAGE oO.

PURPOSE: TO TEST THE ACCURACY OF DATA BEING -
SCANNED FROM A CHANNEL CONSECUTIVELY-
AND IN THE MIDST OF OTHER CHANNELSe -

TEST BEGINS. STARTING TIME 1048 3860

& ¢ L] L] © © L4 A 4 ® ¢ . L4 ® . L e ® . e




Ae CHARD SAMPLING TESTe PAGE . ..~

N
CHANNEL 12 50 CONSECUTIVE SCANS«

«4032 =4033 =-4032 ~4033 ~4032
-4033  ~4032 ~4033 4032 ~4033
-4032  =4033 =4032 ~4033 -4032
~4 031 =4032  ~4031 ~4031 -4033

N

«4032  ~4033 -4032 ~4033 ~4032
~4033 =4032 ~-4033 ~-4032 -4033 -
-4032 =4033 =403l ~4033 =4031
~4033  =4032 -4033 -4032 ~4033
~4032 =4033 ~-4032 -4033 -4032
~4031  =4031 ~4033 ~-4031  =4033

CHANNEL 12 50 INTERRUPTED SCANSe

. =4032 =4023  ~4030 ~4034 «4033 -

. -4030 ~4034 4028 =-40383 ~4030.
~4089  =4033 ~4033 ~4032 ~4034 -
«4033 =-A033 ~4027 ~4033 -4033 -
~4033 ~4033 =4033 ~4033 ~4033
«-#4033  ~4033 ~4033 ~4033 ~4033
~-4033 ~4034  -4032 -4033 -4033
4032 =-4034 =~4033 ~4033 -4034
4033 -4033 ~4033 =~4033 -4033
-4033 ~4032  ~4034 -4033 -4033 -

DATA ANALYSIS. = CHANNEL 12

CONSECUTIVE INTERRUPTED o
SCANS SCANS=

SAMPLE RANG -4033 TO ~4031 =4034 TO -4023. -

=

MEAN .+ =4032:28 - . =4032.36

STe DEUN. «729552 1499755

DIFFERENCE IN MEAN VALUES ~elE=01 7+

' SCANNING RATE - 7 CHANNELS / SEC ONDe




A. CHARD SAMPLING TESTe PAGE .2

CHANNEL 13 . . 50 CONSECUTIVE SCANS. -
0373 371 371 373 373
37t 373 371 371 371
371 373 _ 373 373 373 -
373 373 . 373 373 373 -
373 373 373 373 373
373 373 373 373 _ 373
373 373 373 373 373
373 , 373 373 373 373
373 373 373 373 373
373 373 37t 373 373
CHANNEL 13 50 INTERRUPTED SCANS.
371 371 369 369 369
369 369 369 367 367
367 369 - 369 367 367
367 367 369 369 367
369 369 - 369 369 367
367 369 369 369 369
367 369 369 369 367 -
367 369 369 369 369 -
1367 369 367 369 369 -
367 367 367 369 369
DATA ANALYSISe . CHANNEL . 13 -~
CONSECUTIVE .. .. INTFERRUPTED. -
SCANS- ... .. ... 'SCANS.
SAMPLE RANGE 371 TO 373... . 367 .TQ . 371
MEAN 37268 ... 36836 -
ST« DEUN.  «T4065% .- . 1el0213 =
DIFFERENCE IN MEAN VALUES 115 %

SCANNING RATE 7 CHANNELS 7/ SECONDe -




A« CHARD SAMPLING TEST. PAGE -3

CHANNEL 14 . 50 CONSECUTIVE SCANSw -
9999 9999 9399 9999 9999 -
9999 9999 9999 9939 9999
9999 9999 9999 9999 9939 -
9999 9999 9999 9999 9999
9999 9999 9999 9999 9999

9959 9999 9999 9999 9999
9999 9999 9999 9999 9999
9999 9999 9999 9999 9999
9999 9999 9999 9999 9999
9999 9999 - 9999 9399 9999

CHANNEL 14 > 50 INTERRUPTED SCANS e -
9999 9999 9999 9999 9999
9999 9999 9939 9999 9999
9999 9999 9999 9999 9999 -
9999 9999  $999 9999 9999
9999 9993 9999 9999  .93599
9999 9999 9999 9999 . 9939 -
9999 9999 9993  959% 9999 -
9999 9999 9939 9999 9999
9999 9999 9999 9999 9999 - 1
9999 9993 9999  $999 9999 :
. DATA ANALYSIS. CHANNEL 14 1
: CONSECUTIVE INTERRUPTED . -
‘ SCANS. SCANS-
SAMPLE RANGE 9999 TO 9999 19999 TO 9999
MEAN . 9999 9999 -
F ST+ DEUNe. 0 ‘ . o - :
+ DIFFERENCE IN MEAN VALUES 0 %

SCANNING RATEH 7., CHANNELS / SECONDe-




CHANNEL 1

Ul

16 17 - 19 19 17
19 19 - 19 19 19
19 19 19 19 19

19 19 19 19 19
19 19 19 19 19
19 19 19 19" 19 .
19 19 19 19 19

19 19 19 19 19

19 19 19 19 19

19 19 19 19 19 -

CHANNEL 1

(92}

71 73 65 73 71
73 65 73 71 65
73 71 65 73 71
63 71 71 73 65
73 71 67 73 . 71
65 71 71 71 9
73 71 63 69 71
71 63 73 71 65
73 71 69 73 71
73 65 73 71 67

"DATA ANALYSIS. CHANNE

CONSECUTIVE
SCANS -

SAMPLE RANGE 16 TO 19
MEAN ' 18-86

ST‘e DE.\IE\To 0571786

DIFFERENCE IN MEAN VALUES

S A6 4

50 CONSECUTIVE SCANSw

50 INTERRUPTED SCANSe =

15
INTERRURTED «
SCANS .

63 TO . 73

69.88 -

326165 -

27.0.51 %-

SCANNING RATE 7 CHANNELS + SECONDe-




3
=)
[93]

Ae CHARD SAMPLING TESTs PA

~

CHANNEL 50 CONSECUTIVE SCANSe -

o))

~3983  =-39%3 =-3982 -3983 -3982
-3981 =-3980 -3983 -3983 =3983_ -
~3982 =3983 ~3982 ~3981 «3980
-3983 =3981 ~3981 ~3982 ~39383
~3982  =3983 ~3982 ~3981 =3980
-3943 =392 =-3981 -3982 =3983
~3982 -3981 ~3982 -3383 -~3980 -
-3983 ~3982 =-3983 ~3982 =~3983 -
-3982 =3981 =3980 -3983 =-3981
-3981 ~3982 -3983 -398% -3981 -

CHANNE 16 50 INTERRUPTED SCANSe -

~3961 =3963 =3971 ~3965 =3972
~3971 =3963 =3962 =3963 =~3963 -
-3965 =3962 =3973 =3966 ~3974
~3967 =3961 =3961 =~3962 =3963 -
-3963 =3967 =3966 ~3370 ~3971 .
-3963 ~3959 =-3962 =3962 =3963
-3962 -3971 =~3967 ~3968 =3973 -
~3969 ~3962 =3961 =3262 =3964
~3964 =3963 ~3962 =3969 ~3967
~3974 =3970 =3964 =3962 =3961

DATA ANALYSIS. - CHANNEL 16 -

CONSECUTIVE . INTERRUPTED. -
SCANS. ‘ . SCANS .
SAMPLE RANGE ~-3983 TO -3980 -3974 TO -3959

MEAN © =3981.92 4 . =3965.38 -

STe DEUN. 1.00692 . . 4e11513 -

DIFFERENCE IN MEAN VALUES- -2 %=

SCANNING RATE 7 CHANNELS /- SECONDe -




Ae CHARD SAMPLING TESTs PAGIE 5
7
L

CHANNEL 7 50 CONSECUTIVE SCANSw-

-3988 =3987 -3988 ~3989 ~-3986 —
-3987 =3987 ~=3987 ~3986 =3987 - L
~3986 - ~3987 =3988 ~3987 =3986 - T
-3987 =3986 =~3987 =3988 -3987

-3988  -3987 ~3986 =3989 ~3986

-3987 -3988 -3987 =3986 ~398%

-3986 ~3989 -3988 =3935 =3986 -

-3987 =3985 =3989 =3987 =3987

~-3988 =-3987 =~3987 ~3989 =-3987 -

~3987 =3988 - ~3987 =3986 =3987 -

CHANNEL 17 50 INTERRUPTED SCANSe

-3987 -3987 =3987 =3987 =3987
«3987 =3987 =3987 =3987 =3987 .-
-39¢7  -3985 =3987 =3985 -3987
“3985 =3987 -3985 -3987 ~3987
-3987 ~3987 ~3987  =3989 =3987
-3987 =~3989 ~3989 =~3989 =3987
-3987 ~3987 =3987 ~3989 ~398&7
-3987 =3987 =3987 ~3985 =3987
-3987 =3987 ~=3985 =3987 =3985
~-3987 =3985 ~3987 =~3987 ~3987

DATA ANALYSISe. CHANNEL . .17 . -

CONSECUTIVE . . INTERRUPTED. -
SCANS _— SCANS .
SAMPLE RANGE «3989 TO f3985. : -3989 TO -3985 -

MEAN -3987.12 - ~3986«88 -

STe DEUNe ©1.023 1023 -

DIFFERENCE IN MEAN VALUES ~e1E-01 %

SCANNING RATE. 7 CHANNELS / SECONDe-




Ae. CHARD SAMPLING TEST.

CHANNBL 18 . 50 CONSECUTIVE

-1288 ~1289 ~1288 =~1287 <1287
-1289 -1283 ~1289 ~1288 -1289
-1288 ~1287 ~1287 =1289 =-1288
~1289 ~1288 ~-1289 ~1288 ~1289

~1288 ~1289 «1287 =1287 -1288

PAGE

C; H\TS o

~1289  =~1288% ~1289 ~1288 -1287

-1287 ~1287 -1287 =-1289 -~1288
~1289 ~1288 -1289 ~1288 =-1289

-1287  ~1287  -1287 <~1£69 «1288 -

~1289 ~1288 -1289 -1288  ~-1287
CHANNEL 18 50 INTERRUPTED

-1289 ~1289 ~1289 =-1289 =1289
~1289 =1289 =1289 «1289 =1289
~1289. -1289 ~1289 <1289 —12@9,

-1289  ~1289 - ~128% -12389 ~-1289 -

-1289 ~1289 -1289 ~1289 -128

~-1289  -1289 -1289 -1289 ~12%9

-1289 I -1289 -1289  ~1289

~1289 ~1289 -1289 -1289 -12B39

~1289 ~1289 -1289 -1£89 =-1289

-1289 ~128% - -1289  -1289 -1201

DATA ANALYSISe CHANNEL

CONSECUTIVE
SCANGS -
SAMPLE RANGE *12?9 TO - 1.

S
o
-l

MEAN ~-1288.08

ST DEV:\IO ’ 0801107'1

DIFFERENCE IN MEAN UVALUES -1

18 -

INTERRUPTED. -

-1289

e93 %

SCANNING BATE 7 CHANNELS « SECONDe

SCANS -
TO 1

~1263«24

182439




A« CHARD

CHANNEL 19

-3548
-3547

~3544

«3547
-3545
~3547
-3545

~3545  ~3545
-3546 -3545
-3545  ~3545

~3545
~3546
~3545
-3546
~3545
~3546

-3545

CHANNEL

~3547
-3545
-3545

~3545
-3545
-3545

-3545 =3545
-3545 =3545
~3545  ~3545

-3545
~3545
-3545
~3545

~3545
-3543
~3545

DATA
SAMPLE RANGE
MEAN

ST

DEVN e

DIFFERENCE IN

SCANNING BRATE

19

~3545

-3
~3

FRURRA
(o

w 3

w
3
- 7
J
-3
-3
-3
-3

-3
-3
-3
-3
«3
=3
=3
=3
~3
-3

ANALYSIS.

ME

SAMPLING TESTe PAGE

50 CONSECUTIVE SCANSS -

545 =3545 =3548
547  «3546 =3545
S44  «3545 ~3545
547 3546  ~3545
S44  ~3545 -3545
547  =3546  =3545
544 ~3545  =3544
545 «3546 -3545
S44  ~3545 =3544
545 -3546 3545

S50 INTERRUPTED SCANSw

S45  ~3545 =3545
545 ~3545 «3545
545 =3545 3545 .
545  ~3545 ~3545
545 ~3545 ~3545
545  «3545 <3545
545 =3545 «3545
545  ~3545  =3545
545  ~3545  ~3545
545 ~3545 -3545

CHANNEL
CONSECUTIVE
SCANS .
-3548  TO =3544

~3545.56

942424

AN VALUES. -e2E-01 % -

7 CHANNELS "/ SECONDe »

19

-3547

o8

INTERRUPTED e -

SCANS
TO -3543

~3545

«40406)




CHANNEL 20

-844  -845
“845 =844
~845  -845
-845 -84
~845 =845’
-845 =844
~845 =845
-845  -g44
-845  ~845
~845  -ga4
CHANNEL 20
-847  -84T
-845  ~845
~847 =845
847 . -84T
~847 =845
~847 =845
-845  -g84a7
845 =847
~84T 845
-845 =845

SAMPLING TESTs PAGHE 9

50 CONSECUTIVE SCANSe

~§45 =845 =544

~845 ~845  -g45

-845  -845  -g4s5 -
-845  «845  -845

-845  -845  -gaa

~845 =845 =845

~845  ~845  -Ba4

~845  -845  ~B4S
-845  -845  -844

-845  ~845 ~845

50 INTERRUPTED SCANSe -

-845 =847  ~845

-847 1 =845

-847  -845 847

-845  -845  -845

=845 =847 =845

=847  -845 =847 -
~845  -845 - ~845
=845 -845  -845

~847 845  ~84T

-847 =845 =845

CHANNEL 20

DATA ANALYSISe

SAMPLE RANGE
MEAN

STe DEUN-.

DIFFERENCE IN

SCANNING RATE

CONSECUTIVE

INTERRUPTED .«

SCANS SCANS -
-845 TO ~844 -847 TO 1
LV ’ ~828 .88

404061

MEAN VALUES

;19"97 62

~1.89 %

7 CHANNELS / SECONDe-.




A« CHARD

10 .

CHANNEL 21 50 CONSECUTIVE SCANSw -
-848 =849  -848  -849 =847
-847  ~847 ~ 849 -848  ~849 -
-847 847  -846 = =847 ~847
~84ar1  -847 - -847 848 =847
- 847 - 847 ~846 847  ~848
- 849 848 =847 -847 -847
-847  ~847 -846 =847  -848
=849 =847 ~847  -848 ~8A47
~847  -847 _  -846  -847  ~846
~847  -8471 ~847  -84T  ~84T

CHANNEL 21 50 INTERRUPTED SCANSe -
=849 =847 =849 <847 =847
~847 =847 -847  -847  -847
847  -84T  -84T7 ~g47 847 -
-847 847 -84T  «847  ~847
~847 =849  -847  «84T  ~84T .
-847  -847  -84T ~B49  «84T -
-847  -847 -847  -847 =847
-849 847  -847 ~8a7 -847
~847 -647  : -847 84T  ~84T
-847 =847 -84T7  -84T  ~84T

DATA ANALYSIS.

CHANNEL

CONSECUTIVE

21

INTERRUPTEDS -

SCANS _ . SCANS-
SAMPLE RANGE 849 TO =846 849 TO =847
MEAN -847 «3 ~BUT 2 =

STe DEUN.

“814411

DIFFERENCE IN MEAN VALUES ~e2E=-01 %+

SCANNING RATE 7 CHANNELS 7/ SEC (NDe~




A« CHARD SAMPLING TESTe .  PAGE 11

CHANNEL 22 - 50 CONSECUTIVE SCANS -
<852 -853 -852 =853 =852
~853 ~852 ~851 =651  -853
-852 . -§53 -§52 ~851 =852
-851 -850  -851  -&51 -851
-851  -§51 - =852 351 =851 -
-851 _ -850  -851  ~851 =853
“852 ~851 =851 =851 =850
-851 =851 =851  -852 =853
-852 -851 =851 =851 -850
-853 -852 ~853 -852 -853
CHANNEL 22 50 INTERRUPTED SCANSe-
-851 =851 =851  ~-§51 -85}
-851  ~851  ~849 =851 =851
-851 =851  ~851 _ =851 =851
-g51 = =851  =~g51 =851 -85}
~-851  ~851 =851 =851 =849
~g51  ~851 =851 =851 =851
-851  -851  =-85] =851 =851
~851  ~851 -850 =851 =851
-851  ~-851  -851  ~851 =85}
-851 =849  -g51  -851 -85l
DATA ANALYSISe CHANNEL .22,
CONSECUTIVE . INTERRUPTED
. SCANS R - . SCANS~
SAMPLE RANGE -853 TO =850 - -851 TO. =849
MEAN “’851»6 . . ""850688
ST: DEUN.  .880631 . $ 479796
DIFFERENCE IN MEAN VALUES ~e9E-01 %
SCANNING RATE. - 7 CHANNELS 7/ SEC ONDe -«

S




Ae CHARD

CHANNEL 23

828
~827
~-828
-827
-828
~829
-826
-829
~827
-827

~829
-827
-829
-827
-827
~-828
-g27
-828
-827
-827

CHANNEL 23

-529
-827
-827
~829
~827
-~ 827
-827
-827

-827

- 827

DATA

SAMPLE

MEAN

SCANNI

~828
~829
~828
-829
~826
-827
-827
-§27

=828

-827

-829  ~827
-829 ~ -g27
-827 -827
~-g27: 827
ANALYSIS.

RANGE

NG RATE

C

-

MEAN

-

7

SAMPLING

50 CONSECUTIVE SCANSS -

-
ecd

H

H

¢

H
R

§
O DN 000NN
]G ed w00 s 00\

i

H

g
o
<2

50 INTER:

-829
- 827
829
-829
- 827
m“O?,

E}f“}(}
~g27
~827.
- 827

CH

ONSECUTIVE

SC.‘z.sJ,J )
829 TO

3

X

VALUES:

826

7807 |

-g28

WPTED SCANS.

”02?
-327

-827 -
- & .
~827. -

~829

-827
-827
- 827 .
*88714~

ANNEL 23

8.

"e&EfOi zZ -

CHANNELS ~/ %mJO“Do~

PAGE

829

i2

ERRUPTED
C‘(‘)/‘\L‘\'P

TO uagp_.~

-827:«3

776176




Ae CHARD

CHANNEL

~860
-850
-858

~ 859

_ 858
~858  -B59
-859  ~658
~859 - 859
~859  ~858
-860  ~859
-859  -858

CHANNEL 24

~861
-859
-859
-859

-859

~859
~859
~859
~&59
-859

-859 =859
~859 =550
-459 =859
-859 =861

-859 =859

SAMPLING TESTe.

-861
~861
-861
-859

~561
-859
-859
~ 859
-859
-859

DATA ANALYSIS.

SAMPLE RANGE
MEAN

STe DEUNe

50 CONSEC

~-859 -858
~858 =859
~859 -358
~85% 859
~853  -858
458 ~859
~859 ~B58
-~ 859 -859
- 859 ~858
~858  -859

50 1

-859  -859
“859  ~861
-859  ~861
~859 <859
~§59 =859
~859 =859

-861
-861
~§61

-861

-859
~859
~£59
- 859

CHANNEL

CONSECUTIVE

7
-8

SCANS -

60 TO --858

“"'858@ 68

«58693

3

DIFFERENCE IN MEAN VALUES

SCANNING RATE

7.

CHANNELS ¢ SE

UTIVE

SCANS»

24

- =86
- gl "/B

CONDe _”'-‘

NTERRUPTED SCANS. -

INTERRUPTED. -

. SCANS .
i1 TO =859

~859 48

62

(o]

&

xR

8

g -




Ao CHARD SAMPLING TEST. PAGE 14
CHANNEL 25 50 CONSECUTIVE SCANSe,

~860  ~859 =858 =859 =858

-861  ~860 =861  -860 =859

~-858 =859 =858 =859  -858

-861  ~860  -859  -858 <859

-858  ~861  -860  -861  -860

-850  ~858 =859  -858  -861

-860 = =861 =860  -859  -858

~-859 =858 = =859  ~859  -859

-§58 =859 =860  ~859  -858

-§59 =858 = =859 = =858  -859

CHANNEL 25 50 INTERRUPTED SCANS. -

-863 =861 =861 =861 =861

~861 =861 =861 =861 =861

-861 =861 = =861 =861 =861

-861 =861 =861 =861 =859

~-861 =861 =861 =861 = =859

~-g61 =861 =861  -861 = =859

-861  -861 = =861 = -861 =861

“861 =861 =861 =861  ~861

-861 =861 =861 _ -861  -861

~-861 =859 =861  -861 = -§6l

DATA ANALYSIS. CHANNEL 25

CONSECUTIVE INTERRURTED o
SCANS , SCANS- -

SAMPLE RANGE -861 TO -=-858 -863 TO =859 -
IEAN ~859.16 -860.88 -
ST« DEUN. 1.0174 $ 627271
DIFFERENCE IN MEAN VALUES -e21 2
'SCANNING RATE 7 CHANNELS / SEC ONDe-




A« CHARD
CHANNEL

<841
~-841]
-840
-841
-841
-84l
-84l
-84l
~841
-841

CHANNEL

-841
-84l
~841
-841
-84
-841
-841
-84y
-841
~841

26

-84
.m"//éo
w?/.g;
=840

-84l

~841

-G41
-841

~841

~84l

26

-~843

G473

~-841
-841
-84
-841
~841
~B41
~841

~-841

SAMPLING TEST.

~841

~841

- 341

50 CONS

-843

-84}

=840

PAGE

ECUTIVE SCANS%-

=342
-841 :
-840 -

841 -84l ~gay -
-841 =841 -840 -
-841 =840 = -84l -
~841 -84l -840
~841 =841 -841 -
-840 =841 -84l

-841

«84;

-84l

-841
~-841
=841
~841
-84l

-84l

-841

-841

DATA ANALYSIS. .

SAMPLE
TEAN

$T% DEUN

RANGE

@

CONSECUTIVE

-

DIFFERENCE IN MEAN

SCANNING

RATE

7

-84l

50 INTE

~841

-841

~843

-843
-843

-gal

~84]

-84

SCANS
843 TO

RRUPTED

-841

“sa1

~g4l

~841

~843
-841 +
841 -
-84l -
-84l -
-841 -
“841ri"
-84l .
»84;:_W

CHANNEL 26

-840 . .-843

"‘"84@388_ .

»520596

VALUES

-«5E=01 2.

CHANNELS / SEC OND-ws

SCANS e -

INTERRUPTEDS

. SCANS +
_TO =84l

~841e24 =

1

«656521 -




Ae CHARD SAMPLING TEST. PAGE 16
|
CHANNEL 27 . 50 CONSECUTIVE SCANSe

~829 =831 -830  -831 =830 -
-831  -830. =-831  -831 = -831
-830  -829  -828  ~831 =830
~-831 =830 =829 =830  -829 -
-829 =831  ~828  -831 =830
~831  -830  -831 =829  «§29
-828  ~831  ~830  -831  -830
-831  -830 _ -829  -828  -831
-829 =831  ~830 =831  -830
-829  ~830 @ -831 =829 = =829 -

CHANNEL 27 50 INTERRUPTED SCANSe

~831  ~833  -833  ~831 =831
-831  ~-831  -831 = -831 . =631
-831  ~831  ~831 _ ~831 =833
~831 ~ =833 - -831 _ -831 =831
-831  -833  -831  ~831 =831
-831  -831 - ~-831 =833  -831 -
-831  -831  -831 = -831 =831 -
-831 =831  -831 _ ~833  -831 -
-833  -831  ~831 =833  -831
-831 =831 _ -831 =831  ~831 .-

DATA ANALYSISe. CHANNEL . 27

CONSECUTIVE . , INTERRUPTED « -
SCANS ‘ 'SCANS
SAMPLE RANGE ~831 TO -828 -833  TO .-831 .

MEAN - ~829.98 .. . -831.36

STe DEUN. | T 979172 L STT61T6

DIFFERENCE IN MEAN VALUES “e17 %~

SCANNING RATE 7. CHANNELS 7 SECOND.-




Ao

CHANNEL

-974
-975
-973
~975
-973
-975
~973
~975
-974
~975

CHANNEL

-977
~977
-977
~975
~977
-977
~975
~975
-975
-977

CHARD

28

“975

~97 4

~975
~07 4
-973
-974
-975
-974
-975
-974

28

~975
-977

-977

~975
-975
~975
~977
-97

7
-975

-977

SAMPLING

~974
“975
-973
~975
-973
-073
-97 4
“975
-974

-Q75

~975
-975
“977
~977
-977
m9?7
~977
~975
-975

~ 7

=971

DATA ANALYSISe

'
=
92
=3
L4

50 CONSECUTIVE

-975
-Q7 4
-G75
Q74
-975
-Q74
-975
«973
-375
-873

~97 4
-973
-Q7 4
~973
~Q7 4
-975
-Q7 4
-975
«97 4
975

50 INTERRUPTED

~977

-977
~977
=975
~975
=975
-977
~977

~977-

~977

-975
“977

-975

..,97,7, ‘

-977
=975
~977"
»977
~975

~975

CHANNEL

C QNSECUTIVE

SCANS:

SAMPLE RANGE
MEAN

ST« DEVN.

-975 TO =973
~974.2

782461

DIFFERENCE IN MEAN VALUEDS

SCANNING RATE

7 CHANNELS. /

PAGE

n

~
CANS o

SCANS«"

28

17

INTERRUPTED«

-977

"21.2:

SEC (NDe

SCANS - 7
TO. =975

~976.16 -

1 +997 139 -




Ae CHARD SAMPLING TESTe PAGE 18

CHANNEL 29 50 CONSECUTIVE SCANS.

~058 =959 -958  ~959 ~358
-959 ~957 -957 w357 =359
~957 ~957 ~957 ~957 ~Q57
957 -2 57 -9 57 ~357 -957
~957 “957 ~957 -957 -957
~-957 -Q57 «Q57 -957 Q57

-G 57 -957 -357 857 -956
-357 -957 -9 57 -G 57 -957. -,
~-Q57 -Q57 =957 ~957 -356
-957 957 - =959  ~957 ~957

CHANNEL 29 50 INTERRUPTED SCANSe -

¢
W
(821
Q3

£

“957 «957 “957
~957 ~957 ~957
~957 =957 =957
~957 ~957 =957
~957 ~957
~957 -957 -957
~957 “957

H

H
O W W WO DD

957
~957
~957
«957
-957
~957
~G57

H

H

]
W0
[S3]
~3

b

§
e}
[@2]
]

H

“957  -957  ~957
~957  ~95 ~257 - ~957

4

SIS RS IR IRS RN IS IS N

LU oe ey e,

~957 =957 =957 -957-

DATA ANALYSISe CHANNEL 29 -

CONSECUTIVE .~ INTERRUPTED. -
SCANS. .. . . scaNs .
SAMPLE RANGE ~959 TO =956 ~ .. =957 .T0Q ~957

MEAN ~957 «22 | . . =957

STe DEUN. | « 678834 - 0

DIFFERENCE IN MEAN VALUES =«3E-01 %

"SCANNING RATE 7 CHANNELS / S
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CHANNEL
NJMBER

12
13
14
15
16
17
18

19

TRUE
MEANe.

4034 .82

383 .52

9999

174976

2343 <44

6513 .62

1296 .96

3493 <4

908.24

909.92

912 .5

694

804 .06

903 .2

907 8

E76 <3

1000 .94

977 24

ENSEM3LZ
CHANNZLS /3EC OND »

SAMPLE

1
4051
378
9999
2729
3100
6499
1312
3487
915
910
913
8956
€13
895
907
878
1001

994

25T«

RESJLTS
MZAN FOR G IVEN

9999

6364

2713 <5

6507

1304 .5

3490

911 .5

S10

913

895

813

900

907 «5

877 5

1002

986 «5

PAGE 1
NO. O SCANS.
3 4
40490 4038.5
380 380.75
9699 9999
1575 656 Bl 8l <5
2584 <66 2520 +25
6510 65115
1301 <66 1300 .5
3491 3491 <5
910 .33 909»}75
910 910
912 <66 912 .5
894 <66 894 «5
812 ¢33 812
901 .66 902 «5
907 <66 907 «75
877 «33 BIT «25
1002 .33 1002 .5
984 982 <75




CHANNZL
NJM3ER

12

13

14

15

16

17

18

TRUE
MEAN

4034 .82

383 .52

9999

174976

2343 <44

6513 62

1296 .95

3493 ¢4

30 8.24

909.92

912 .5

894

804 .06

903 .2

907 « 8

876 3

977 «24

5
4037
381
9999
8545
2481
6512
1299
3491
909

310

907
877
1002

982

)

ol

o7

o4

8

« 8

o4

9

RESJLTS
SAMPLE MZAN FOR GIVEN NO. OF

6
4037 «16
381 .83
9999
76804 416
2456416
6513
1299.15
3492
909.156
910 .33
912 .5
894 .33
Bl1 .66
903
907 « 83
877 «16
1002 66

981 <5

PAGE
SCANS «

7 &
403685  4036.62
382.14 3E2 .5

9999 9999
6752414  5918.12
2437 .85  2424.12
6513 <42 6513.75
1298.85  1298.5
3492.14  3492.25
909 90 8.+ 7
910 .42 910 .5
912 .57 912 .62
894 02 8 894 <25
811 .57 811 .37
903 .14 903 .25
907 85 907 « 81
877 14 877 «12
100271 1002475
981 .28 981




CHANNEL
NJM3ER

12
13
14
15
16
17
18

19

TRUE
MEAN.

4034 .82
383 .52
9999
1749.76
2343 W44
6513 «52
1296 .95
3493 .4
90§ .24
90 9.92
912 .5
894
804 «05
903 «2
907 « 8
876 +3
1000 «94

977 24

SAMPLE

RESULTS
MEAN FOR G IVEN

9 10
4036 +33 4035 .2

362 477 383

9999 9999
5237 455 4665 8
2413 .44 2404 .9
6514 6514 42
1298.33  1298.2
3492433 34924
909 908.9
910 .55 910 .7
912 .66 912 o7
894 .22 894 «3
811 .33 811 .3
903 +33 903 «3
907 .88 907 <9
61711 877+l
1002.77  1002.8
980 .« 88 980 o7

PAGE 3
NO. OF SCANS .
11 12
4036 .09 4036
383.18  383.33
9999 9999
4198 3817 <16
2397 .9  2392.08
651427 651433
1298.09 1298
3492 .54 3492.656
908.9 906491
910 .72 910475
912 .72 912475
894 427 894 ¢33
8l1.18  811.08
903 +356 903 +41
907 «9 907 « 91
817 .09 877 .08
1002481 100283
980 +63 980 +5 6
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NUM3ZR

12

13

14

16

17

18

19

TRUE
MEAN.

4034 .82

383 .52

99399

1749.76

2343 44

6513 <62

1296 .95

3493 <4

90 8.24

809.92

912 .5

894

804 056

903 «2

937 « 8

876 3

1000 .94

977 .24

SAMPLE

RESULTS  PAGE 4
MEAN FOR GIVEN NO. OF SCANS

13 14 15 16
4035.92  4035.92  4035.86  4035.&7
383 .46 383 .57 363 +66 383 .62

9999 9999 9999 9999
3514 3 3277 76 307448 2894 493
2367 .15  2382.92  2379.26 2376406
6514.38  6514.42 65144 6514 437
1297 «92 1297 «85 1297 «8 1297 «75

3492476  3492.85  3492.93 3493
90 8.92 90 8.92 90 8«93 908+ 87
910476 910.78 910 86 910 .87
912 .76 912 .7 & 912 .8 912 <81
894 .38 894 42 894 o4 894 «37
811 .07 811 810 +93 810 . 93
903 <46 903 «5 903 +53 903 .56
907 92 907 « 92 907 +93 907 « 93
877 +07 877 «07 877 06 677 <06
1002.84  1002.85 1002.86 1002 .87
980 «45 980 .42 980 «4 980 «37




CEANNEL
NJMBER
12
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13
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15

16

17

18

19

at

28

29

TRIJA

MEAN.
4034 .82
383 .52
89999
1749.76
2343 <44
6513 <62
1296 96
3493 «4
908.24
90 9.92
912 <5
894
804 <06
903 «2
807 8
876 «3
1000 .94

9717 «24

17
4035 .76
383 .58
9999
2730 .47
2373 +23
6514 .35
1297 o7
3493 .05
90 8.88
910 .88
912 .62
894 41
810 94
903 58
907 .94
877
1002 .88

980 .29

RESJLTS
SAMPLE MEAN FOR GIVEN NO. OF SCANS.

18
4035 .72
38361
9999
2576 38
2370 .72
651433
1297 .66
3493611
908+83
910 .88
912 .83
894 <44
811
903 <61
907 « 94
877
1002 .88

980 «22

PASE

19
4035 «6 8
383 463
9999
2435 .94
2368457
6514 31
1297 63
3493 .15
90878
910 .89
912 84
894 «47
811405
903 +63
907 «94
877
1002 .89

980 <21

20
403565
38365

9999
231679

2366 54

3493 .2
90875
910.9
912 « 85
894»5
811 .05
903 «65
907 « 95
8717

1002 .9

980 -2




ACCURACY CODES »
INDICATINZ DEVIATION OF SAMPLE MEAN
FROM TRJE MEAN.

BLANK > 10
a < 10
B < 8
C < 7
D < 6
) < )
F < 4
G < 3
H < 2
P <= i

SCANNIN: RATE

P4

BJT

BUT

BJT

BUT

BJT

37T

BJT

BJT

BN

i2

RESJLTS PAGE

8 %
> 7T Z
> 6 Z
5 7
4  Z
> 3 Z
2 %
1z

CHANNELS

/ SEC OND «




ACCURACY CODES « RESULTS PAGE 7

CHANNEL ACCJRACY C ODE «

NJMBER . 1 TO 10 SCANS .
12 k ok ok ok ok ok ok ok %k ok
13 H H % % % % % % %
14 % ok ok ok ok ok ok %k kX
15
16 3 D E E F G @&
17 k ok ok %k ok ok ok ok ok %k
18 H % % % % % % % & %k
19 * ok k- k% k% ¥ %k %k x
20 x % ok ok ok %k % %k ok %
21 k% k ok ok ok ok ok k%
22 x %k %k ok ok ok ok ok ok %
23 ok ok ok %k % ok ok kX%
24 H H H % % % % % % %
25 % % %k %k %k ok ok ok ok %
26 k %k %k %k %k % ok ¥k ok ok
27 * k% ok ok %k ok % k%
28 * ok ok ok ok ok ok ok ok %k
29 H * % % % % % % %k %
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RESULTS PAGE
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* %
* ok
* %
H x
¥ %
* ok
* %
¥ %
* %
* ok
* %
* %
¥ %
% %
* %
* %

8
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RESULTS  PAGE 2
TRUE  SAMPLE MEAN FOR GIVEY 0. OF SCANS.

AN 5 6 . 7 8
12 AB22. 32 4542 0 4840156 4833 . 28 4337
13 3652 368.2 363+ 33 36342 36345

14 9999 8999 9992 9999 2999

16 237102 2909.6 238610 2732+ 23 20765
17 o473 64582 64 6Te 65 540626 1 4 646325
13 1295.13 13428 1385.33 1304. 14 1382.37

Pt
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W
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w
L]
A
0N

34973 3499 3499.585 35755

o A N Do
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27 863.32 363.2 836316 63e 14 363.25
) ®
es 191618 1516 1516 1816 1816

29 955.9 9935 993105 .992.71 992.25




RESULTS PAGE 3
CHANNEL TRUE SAMPLE IZay FOR GIVZY HO. ¥ OSCANS.
NUMBER MEAN . S 19 11 i2

i2 1529« B2 4335633 4335 1 4334636 433375
13 368s 2 36855 36306 36363 363.66

o
&>
O
O

O
e}
(9]
O
O
O
O
O
O
O
\O

Y
\O
\D
\O
O
\O
\O

15 1747565 524933 468¢ 4213663 3535

16 2371ﬂ82 2633ﬂ77 2599f29 257139 2547 53
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8. CONCLUSION

The system has been developed and implemented,
in use it has enabled programs to be developed quickly
and easily because of the inter-active nature of BASIC.

It could be argued that the running speed is slow compared
with that which might be obtained using FORTRAN as the
written language. However, the ease and speed of program
development far outweighs this consideration.

The data acquisition subroutines are themselves
in machine code and hence, operate at the maximum possible
speed which compensates to a large extent for the relative-
ly slow BASIC processing.




APPENDIX 1

BASOON -- ON-LINE FROM BASIC

Basoon is an inter-active on-line package.

On Line capability is provided via the MDP-200 data logging
system and the inter-active facility by the computer programming
language BASIC. The user does not need any previous knowledge
of data logging or of the MDP-200 system. All the conversions
and programs which refer to the data logging are done by sub-
routines which are called from BASIC.

There are five sub-routines in this system.- these are:-

1. Timer and delay

2. Channel Reader

3. MDP Clock and Scan Data Switches.
4. Sense Switch Tester.

5. Audible Warning.

¢

SUBROUTINE CALLS

Timer and Delay

Calling Sequence -CALL (1, ARG1, ARG2, ARG3)

Use This subroutine is used to time the running of a program
and to cause time delays for a given time interval.
e.g. To examine a data ﬁalue every minute and print its value:-
1. First start the timer. R
2. Scan the channel and print the result.

3. Stop timer.

4. Subtract elapsed time from one minute

to give required delay.
5. Enter delay routine for this length of delay.

6. Go to béginning to repeat.




ARGUMENTS

ARG1 - TYPE NUMBER

. For delay. In this case the delay will be ARG2

seconds and ARG3 will be a dummy argument.

. Start timing. This starts the real time clock

in the H 316; the arguments ARG2 and ARG3 are

both dummies for this call.

. Stop timing. This stops the real time clock

and sets ARG3 equal to the time elapsed in

seconds. For this call ARG2 is a dummy.

After calling for a time étart (a "2" call) a time delay may

be called for; this will have no effect on the elapsed time except

that the delay will be included in it.

During a time delay the user ma& wish to take action. This

he may do

i)

ii)

in two ways:-—

If an R is typed on the ASR the delay will be terminated
as if it had run its full course. (Note: if this is done
during timing the elapsed time will be the acfual time
and not the time which would have elapsed after the full
delay had run its course.)

If a C is typed an immediate return will be made to the

command mode of BASIC.

Other characters will have no effect in any way.




ERROR MESSAGES

Subroutine 1 incorporates the following error detections:-—

TW ~ TYPE WRONG. Argument 1 is not a
1,2 or 3.
TU ~ TIME UNDERFLOW. Argument 2 is too small.
RU ~ RUNNING. " Clock is already running when a
start clock call is given.
NR - NCT RUNNING. Clock was not running when

a stop clock call was given.

Argument 2 may be integer or non-integer. e.g. 1,1.0; 90.02 are
all acceptable.

Numbers may be used in place of identifiers in the arguments
and I recommend using a number for ARGl only. Numbers in place

_of variables for ARG2 and ARG3 may cause undetectable errors.

2. Channel Reader

Calling Sequence  CALL (2,ARG1,ARG2).

Use To input the value of a channel from the data logger.
Arguments: -
ARG1 is the channel number which is to be interrogated.
ARG2  is what the resulting value is to be called. This
will be a 4 digit integer which must be scaled by
the user. (see example iii).

(-9999 to 9999 in the actual range
-0.999 to 9.999 volts).

Argument 1 may be a number in the range 1 to 39 because only

these channels are built into the system.




However, a wrong call is detected and leads to the following error

messages:—~

Co Channel Overflow i.e. channel>39

CU  Channel Underflow i.e. channel <1
With all error messages the line number is given.
Argument 1 may be a variable or a number.

Program Examples:—

i) To fetch and store

5 DIM K (39)
10 FOR J=1,39
20 CALL (2,7J,K(]))
30 NEXT (J)
40 REM THIS WILL SCAN CHANNELS 1 TO 39

50 REM AND PUT THE VALUES IN ARRAY K

ii) Calling by value

10 CALL (2,22,V)

20 PRINT V

‘will have the same effect as:-

10 C=22
20 CALL (2,C,V)

30 PRINT V




Program Examples

i) To time a calculation:-

5 A=0

10 CALL  (1,2,A,A)

20 REM A IS A DUMMY ARGUMENT

30 FOR H=1, 1000

40 C=H+1

50 NEXT H

60 CALL (1,3,A,T)

70 REM A IS A DUMMY

80 REM T IS THE ELAPSED TIME

90 PRINT "THAT TOOK"; T; "SECONDS".
100 STOP

In this example T 6:06 seconds.

ii) To cause a delay:-—
5 D=10 |
10 CALL (1,1,D,A)
20 REM D IS THE DELAY

30 REM A IS A DUMMY ARGUMENT.

Delays up to 655 seconds are allowed. Larger
than this overflows the machine word length.

Further use of the delay will be explained under

subroutine 2 -~ Channel reader.




Program Examples (cont'd)

iii) To scan a channel every N seconds:—

10
20
30
40
50
60
70
80
90
~100
110
120
130

140

INPUT N,C
REM INPUT TIME BETWEEN SCANS N, AND CHANNEL‘C
CALL (1,2,A,A)

REM A IS A DUMMY

CALL (2,C?V)

REM CHANNEL C

PRINT V

CALL (1,3,A,T)

D=N-T

REM TIME TO NEXT SCAN=N-TIME ELAPSED

CALL (1,1,D,A)

'REM DELAY FOR D

GO TO 30

REM GO AND DO IT AGAIN

V will be the form 1234, knowing the range is 0-10 volts

multiplication by 1074 will give 0.1234 which is the actual

voltage of the analogue input.




3. MDP Clock and Scan Data Switches

Calling Sequence CALL (3,ARG1,ARG2,ARG3)

Use 1) To read the MDP clock
ii) To input the currént value which is sét on the scan
data switéhes situated on the MDP mobile cabinet.
Arguments
These must all be variablés. If numbers are used'the input values
will be lost.
"ARG1 -~ will be set equal to the current value of the HOURS and
MINUTES from the MDP 200 clock. This is in the form of
a four digit integer. e.g. 1249 is 12 hours, 49 minutes.
ARG2 ~ will be the current value of the seconds and tenths of
~seconds in a similar form. e.g. 3046 is 30.46 seconds.
ARG3 -~ 1s a 4 digit number taken from the thumb switches on
the MDP mobile cabinet; again a four digit integer

range 0000 to 9999.

- Program Examples:—

10 CALL (3,A,B,C)

20 PRINT A: "HOURS, MINS"; B/100; "SECS",.

30 PRINT "TEST NUMBER"; C

40 REM A USEFUL WAY OF INCLUDING A TEST NO.




4. Sense Switches

Calling Sequence  CALL (4,ARG1,ARG2)

Use To test sense switches on the computer control panel or the
MDP 200 mobile cabinet.

NB S.S. one is used to cause a "program break" in BASIC; this
returns the user to thé command mode. So only'switches
2,3, and 4 are~avai1able for user options;

Arguments

ARG 1 is the sense switch which is to be tested, and may be a

number or a variable name.
ARG 2 is set to 1 if the switch is set, and to 2 if the switch

is reset.

Program Examples:- .

5. R=0

10 | FOR S = 2,4

20 CALL (4,S,R)

30 IF R =1 THEN PRINT "SET"
40 IFR=1ﬁIENG0T060
50  PRINT S; "RESET"

60  NEXT S

70 REM THIS WILL PRINT THE STATUS OF ALL SWITCHES




5. Audible Warning

Calling Sequence CALL (5)

Use To ring the bell on the ASR

Arguments

There are none.

Program Examples:-

10
20
30
40
50
60

FOR H = 1,39
CALL (2,H,Z)

IF Z O THEN CALL (5)

NEXT H

REM)THIS WILL RING THE BELL wﬁEN

)
REM)A NEGATIVE VALUE IS FOUND

Complete Test and Demonstration Program

Thenfollowing program has been written to.show how each of the

subroutines can be used. A printout of its execution is also

included for reference.




LIST

D

1
2
5 X=20
6

A=0: T=0: PRINT "DEMONSTRATION PROGRAM"

IM 2¢39) o . e

PRINT ¢ PRINT ¢ PRINT

10
20
25
26
30
40

PRINT "ONE SCAN OF CHANNFLS 1-39" .
PRINT "RFLL INDICATES START & END OF SCAN"
CALL (5) : . o
CALL (1,2, 15 1) 4 e )
FOR G=15 39 R
CALL €2,Gs2C¢G)) » O

50 NFXT G

55
60
61
€2
63
66
67

CeLL (5 . o - , :
CALL (15 35A>T) . , o : \
PRINT "THAT TOOK®; T3 "SECONDS"™ I R
PRINT ¢ PEINT T
PRINT "THE UVALUES AREscses ' B

FOR 0=15 39

PRINT @ ZCQ)

€8 NEXT €

1]
90
100
101
105
106
110
120
130
135
140
145
150
. 155
160
170
180
190
195
196
200
210
220

PEINT “NOW A DFLAY OF 20 SECONDS"

PEINT "RETUPRN TO COMMAND MODE DURING DELAY BY TYPING
PHINT "“RETURN AND CONTINUE PROGRAM BY TYPING R"
PRINT _ _ S
CaoLL (15 1,¥X,B) . . \

C PRINT ¢ PRINT _ :

PRINT '"MDP CLOCK TIME"

CAHLL (35 05 B (0D R ) .

PRINT A5 B : _ 1 .

PRINT . ) R

PRINT '"SCAN DATA Swu';3C -

PRINT "“SENSE SW STATES AREese'

FOR F=2, 4 o A

M=0 : ~—

CALL, C4s FaM) . oo :

IF M=1 THEFEN PRINT FS"SET": GOTO 190

PRINT F3"“RESET" L -

NEXT F . ~ P

PEINT } A A R

PRINT

PRINT "“THAT'S YOUR LOT"
PRINT ¢ PRINT t PRINT
STOP o :

N

[

CH T




ONE SCAN OF CHANNELS 1-39 -
FFLL INDICATES START & END OF SCAN
THAT TOOK o, 16 SECONDS SN

THE VALUES AREs e e

1 -9999
.9999
3 “9999
4 -9999
5 -9999 -
6 -9999
7 -9999
3 -9999 ‘
9 - 401 ’
10 -9999 y
11 9999
12 -9999
13 © =9999
14 ~9999
15 -9999
16 -9999
17 -9999 ‘ : ‘ |
18 -9999 - j
19 - =4401
20 -9999
21 9999
oo -9999
23 9999
24 ~-9999
o5 -9999
. o -9999
4 27 - 401
o8 -9999
29 =7101
30 -9999
31 9999 ~
32 - =9999 S ' 7
33 -9999 : :
34 - =-9999 >
35 ~-7999 oo
36 -9999
37 - ~-9999 )
38 - =3799 . h
39 -9999
NOW A DELAY OF 20 SECONDS
RETUEN TO COMMAND MODE DURING DELAY BY TYPING C

: RETUEN AND CONTINUE PROGRAM BY TYPING R i
R : . ;.

MDP CLOCK TIME N
1340 - 3130

SCAN DATA SWW 5676

SENSE SW STATES AREese , o
2 RESET ’ ‘ o
3 SET
4 RESET

ISP R

THAT'S YOUR LOT

200 EXIT
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RN YR

INSTRUCTION REPERTOIRE

MNEMONIC 7yPE | 0P CODE [ DEFINITION DESCRIPTION
Loat and Store instructions
CRA G 140040 Clear A 0> (A}
LDA MR 02 Load A [EA} 1A}
otp' MR o2 Double-Precision Losd  ~ [EA] = {ALIEA + 1] =B}
STA MA 04 Store A (A) > {EA]
osT' MR 04 Dcuble Precision Store tA) -+ (€AY 81 Y [EA 4 1]
DX} MR 15 Load X {EA} X!
. {EA} ~* 100000}
STX MR 15 Store X (Xi~[£a}
1AB G 000201 tatzrchange A and B {A) = (3)
) sCA G 000041 Shift Count to A ISC) = A 1318)
. 02 A -]
1MA MR 12 Interchange Memory and A (AY = {EAL
¢ INK G 000043 Input Keys €)= A}
{DP Mods) ~+ (Ay)
(PMI) => (A )
07 {A 4-j0)
E (SC) = {A |-y ¢!
oTK G 171020 Output Keys Ay} =+ iC) 2
(A3} =~ (OP sode)
{A4] = LEXT Mode)
{A 110} > Shift Count
Acithmetic Instructions *
ADD MR 06 Add (A) + {EA} —iA) 2
Overflow stotus = (C)
oap MR 06 Doubie-Precision Add (AB) ¢+ [EAEA + 1} 7 (AB) 3
Quarfiow status = (C) -
1L(EA « 1) 1948, ) sum invalid
SUB MR o7 Subtract (A) - {EA] % (A) 2
. Overfiow Status > {C} -
osg'? MR 07 Doutte-Precision Subtract A8} {EAEA + 1] > (A8} 3 -
Overflow Status =7 {C}
FUIEA = 11§ #1(8 () sum invalid
G- npy! MR 15 At < [EA) ~(AB) 5%
- oiv! MR 17 Dwide (A8 = [EA] (A} n
kY Remaundac > (B tmax}
4 teaprojier Givide Status 7 {CH
% aca - G 141216 AdoCto A (Al (C]  A) 1
H Querflow status == (C}
1 AOA G 141206 Add One to A (A} +1 (A 1
% Overflow status = {C}
d TCca G 140407 Two's Complement A (A} + 1A} i%
b
£
Logicat tnstructions
ANA MR 03 AND 10 A T{a) A[EA] 2 A) 2
ERA MR 05 Exciusve OR 10 A (A} ¥ {EA] ~1A) 2
S CMA G 140401 Complement A (£} (A) K 1
S CSA G 140320 Copy Sign and Set Sign Pius (A}) = (C},0 > (A) 1
y SSM G 140500 Set A Swgn Minus 1Ay . 1
kY ssp G 140100 Set A Sgn Plus 0 1A} ) 1 "
3 CHS G 140024 Complement A San (A~ (A} 1
3 '
b
{,
Shift instructions - .
H K
ALS SH 0415 Arithmetic Left Shift 1+ %N
n A At o
Overtiow stati:
X ARS Sk 2405 Arithmetic Right Shift — 1 [ - 1+ %N
it —
: Loy e
ALR SH 0418 Logical Laft Rotate A}“ —J 1 1+ %N
3 ‘—I C e Am
ARR SH 0406 Logicat Right Rotate - 1+ %N L
E . Ay Agg <
{ LGL SH o414 Logucat Left Shift B P! 1+ %N
S C ORI S
LGR sy 0404 Logical Rght Shity r_‘~ 1+ uN
v
LLs SH 0411 Long Arithmetic Left Shitt — f s T R
Ay -{AwA Wig, ! LagiB, 0
'r—‘j Bl 1 Age? v 181 Broge B ]
Overfiow stm = {Ct .
LRS S 0401 1 vng Argthinetic Right Shift = { fr—— 1+ %N
: Lo a A,A,,, 15, } B?ro<
{2 [ 8 B l"'
LR srt 0412 Long Left flotate o= | o T e
RPN [:1 A,J..“Bx 8 oled
Cagp il e T AL o ML
LRRA Sit 0402 Long Rugm Rotate [ = [— Ve— 14uN
| RN ROV Gl

4

R e

e

Kot o

& i ki

VA

Ly

v

-

4
3
3
5




e

*No. OF
MuEMONIC | TYPE | OP CODE DEFINITION DESCRIPTION . CYCLES
5
LLL sk 0410 Long Laft Logical Shifs 14 EN
’ H—cv}_,_ Ay 8, 8,k0
LRL SH 0400 Loag Right Lagicat Shift " — 1+ %N
0 —efA; Ay b8, ﬂ.ar—{rh
* | ER—— S R
NRM! G 000101 Normatise et S P [ 1+ %N
) s
) Shiftuntil (Ay) #(A,)
Number of shitts = (SC}
Hatf-Word instructions
cAL G 141050 - Clear A, Left Malf 0-+{A,g) 1
{Ag.14) ace unchanged
CAR G 141044 Clear A, Right Half 0 (A, 6t 1
(Ay.g }are unchanged
ICA G 141340 Interchange Characters in A (Ajgt =tAg ) 1
Ay is interchanged with Ag,
Ay with A g, etc.
L G 141140 Inteichange and Clear (Agg) 1Ay ,) 1
Left Haif of A 0 {A s} -
[ G 141240 tnterchange and Clear (Ag.16) = (A gl 1
Right Kaif of A 07 lAg-4)
Controt tnstructions
CAS MR 1 Compare s Skip 1t {A) > {EA], axecute next instruction 3
1f {A] = [EA], skip next inste
11A) <{EA], skip two nstruct .
SMP MR o1 Unconditional Jump EA -+ (P) 1
Nextinst. 1o be execulsd 1s at EA
JST MR i0 Jump and Store Location 123 v 5} P [EA 5 4,5} IEA 2] not changed 3
(EA; 1ol + 1—1P5 40 ‘
Nextinst tobe eapcuted s st EA + 1
RS MR 12 Increment, Replace and [EAT + 12 (BAL J onginai 3
Skip (EA] + 12 0. skip next inst.
SKP G 100000 Unconditionat $xip Skip next instruction 1
sPL G 100400 Skip f A Sign Plus Shap next st if {A,) € O 1
S G 101400 Ship it A Sign Minus neacmstif (A ) = 3 1
Sz G 100040 ipif A Zero Skip next instif (A} < 0 1
SNZ G 101040 Skop if A Noazero Skip next st if (A} #0 - 1
sLz G 100100 Skip il Ay 4) Zeo Skip nestinst if {A;4) <0 1
SLN G 101160 Skip if (A 41 Nonzero Ship pext inst. if {Aye) = 1 1
SRC G 100001 Skip 1t C Reset Skip next mst. i (C) = 0 1
SSC G 101001 Ship if C Set Sxip nextinst. if (C) = 1 1
SR1 G 100020 Skip of Sense Swach 1is Skip next inst. if SS1 1s off 1
Reset .
SR2 G 100010 Skip if Sense Switch 2 is Skip next it if 552 is off 1
Reset :
SR3 K 100004 Skip if Sense Switch 3 is Skip next inst. it S§3 is off 1 2
Reset
SR4 G 100002 Skip if Sense Switch 4 is Skip next inst. if $S4 is off ]
Resot  °
SSR G . | 100038 Skep if No Sense Switch Set Skip next instruction if 81l sanse switches are off 1
ss1 G ¢ | 101020 Skip if Sensa Switch 1 is Set Skup nexi st 1 SS1 s on 1
$52 G 101010 Skip if Sense Switch 2 15 Set Sk next inst. 1t S82 is on 1 E
S$3 [ 101004 Skip f Sensa Switen 3 is Set Skip naxt inst. +f $53 15 on 1
sS4 G 101002 Skip if Sense Switch 4 is Set Skip next inst. s $$4 s on 1 .
3 G 161038 Ship f Any Sense Swiich Set | Sk.p neat instraction if sy sanse switch s on 1
senh G 100200 Skep on No Meaary Pority Skip next wstruction f ponty ortoe thp-flop is resst 1
Eiror
spsh® G 101200 Skip on Memory Panty Ecror | Skip next instruction if parity eeror fip-flop is sat 1 2
ampl® G 000021 Reset Memory Pariiy Etror Reset parity enror fip-iop it
HLY G 000000 Halt Stop computer operation "%
NOP G 161000 No Operation Next inst, 1o be executed n at EA + 1 1
Performs no operation
RCB G 140200 Reset C Bit 0-(C 1
sce G 145600 SatC Bit (o] - 1.
ENG G 0C0431 Enable Program Intarrup! Enabis nterrupt (P) indicator tights] 1
INH G 001001 tahibil Program interrust Ietibit interrupt (P inkcs1or 13 extinguished ]
soi! G COGOS Enter Single-Precision mode Piaces compurer in sirgle precis:on mode 1
oBL' G 000007 Enter Double-Pracimon modz | Flaces computer it doubl t
exals G 000013 Enable £xTended Addressing Places computer m est 1 Bs
pxak® G 200011 Disstte Extended Addresng | Restores computer to nasmal addressing 1
gam’S G ¢01401 Enter Restricted Mode Places computar o rastricied mode 1
Input/Output instructions
ocp 10 14 Output Conurol Puise (FO5. 1o} 7 (ADB-_; .} Direct 2
Controi Pulse (F) 10 10 . :
- Device U
INA 10 54 Input to A {1 NOT1Eady, NO MPUL, execute Nextnstruction 2
VEready, and (Fy) « 1, ?
NS = (A) and shap next inst
. itcesay and {F ) = QUINBIVIA] ~»{A) and skip next inst. .
oya’ o 74 Output from A iF ot raxdy, 00 OUIPUL, Exevule neat stILSLON ?
if ready, tA) ~(OTB), skip next mstru




»

The nomine! cycle ums for the H316 15 1.6s: tha nominat cycle time for the DOP-516 is 0.96us.

s MNEMONIC TYPE CODE ODEFINITION DESCRIPTION CYCLES
smk? o 74 Set Mask (A)-OT8) 2
$KS 16 34 Sikip if Revdy Line sut Siip ot execule next instruction depending on 2
sense conditon . 5
N
NOTES

1 instruction used vaith H316 or DOP-516 options
2 tnstructions STX and LDX have the same operation code (15}, STX has an indux bit of 0: LDX hes an index bit of 1.
3 instructions OTA and SMK have same oparation code (73). SMK nas device address D =20 or '24; OTA has © = ¢ 20 nor 24,
3 =
4 CPU must be in doubils precision mocde.
5 This instruction is wsed with options avadadie oniy on the DOP-516.
ABBREVIATIONS
h A A-register (16 brts) X Index register (16 bits)
‘b ADB Address bus (3B Contents of a harcware register
8 B-register (16 bats} [ 1 ° Contents of memory iocation . 5
c Carry bit (C-ow) A togical AND R “f‘f‘{
o Fnput-output devics code v Logica! OR e T8 mteeng
op Double-prac.sich moie bit v €xclusive OR F”‘*" ]
£A Effective address - Logical MOT . TRATKS
F Input sutput tunction code ¥ Algabraic addition : -
4 s Genesic instruction e Reploces - 187 ¢5 4¢3 24
J I8 Input bus = 15 exchanged with 2
10 Input-output and test instruction Oiscarded rs
MR Memory reference nstuction (index Bit, .
indirect address bit, snd sector bit applicattel
OT8  Cutputbus €
[ Program counter registar 114 o 15 bas) o
P Program intercupt enble indicatar A BEG BLTS
P Previous mode indicator lextunded addressing \ &
nption) N
sc Shift count § to B [ i3e 140015 1y
Set Shift instrucrion . e
Specific number of shifts 1o be performed °
e
N

b, SUMMARY OF DAP-15 PSEUDO-OPERATIONS
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APPENDIX 3

PREPARATION OF A DAP-16 PROGRAM

The stages involved in using the assembler to produce a
working program are very similar to those described for

FORTRAN. (Section 3). i.e.

i) Prepare program - by writing it

ii) -Punch a source tape

iii) Load assembler into computer

iv) Use éssegbler to convert source -to object tape.
v) Load "loader" into computer

vi) Use loader to load object tape

vii) Run program

(1) Program preparation consists of the writer detailing exactly
what he wants the machine to do. Each program line represents

~one machine code instruction, which can make very long programs

which run extremely quickly.

(ii) Preparation of Source Tape. Each DAP instruction must be
put in the appropriate columns of a coding “sheet, similar to

FORTRAN.




There are four "fields":-

Location field - used for defining variable names or
’ identifiers
Operation field ~ defines the operation performed - by .

this instruction

Variable — the variable which is to be used

for the operation

Comments . -~ to enable remarks to be put in; this
can make the program much easier to

understand.
Instead of spacing the fields out in full, a back‘slash character /
may be typed which causes the field to be terminated. This enables
programs to be typed very quickly without having to worry about

spaces.

iii) Assembler léading. This is a self-loading tape, as thé
FORTRAN compiler.

iv)  Assembly. The assembler may be used in two modes; one pass
aﬁd two pass.

One pass assembly In this mode the source tape is read only once by

the assembler and the object code tape produced immediately. The
»dlsadvantage is that references to variables which have not yet been
defined have to be filled in at the end. This is done automatically,
the only difference in the final tape being the physical length, because

of the extra information.




ITwo Pass Assembly The source tape is read by the assembler twice;

.during>the first pass all the variables are defined, and given
symbolic locations. No object tape is produced qntil the second
pass, when reference is made to the variable table. In this way
all the variable's addresses are known and can be filled in.
Although two passes of the source tape are necessary, this mode of
assembly is much better tﬂan single pass because a better object

code tape is produced.

v) Load "loader" into computer. Once the assembler has been used
and the object tape is satisfactory the loader is put‘into the

machine ready to load the object tape.

vi) The loader is then used, and puts the object program into
the store.
vii) Finally the program can be run by putting its starting

address into the P register and pressing the start button.

+

If there are any user written subroutines (also in DAP-16)
these would be loaded after the main program, but before

execution.




APPENDIX 4

COMMUNICATION BETWEEN DAP-16 AND FORTRAN
ON THE HONEYWELL 316

Introduction

Communication between DAP and FORTRAN can be achieved by loading
fogether subprograms in DAP object and FORTRAN object format.
In this context a. subprogram may be a DAP or FORTRAN main
- program, DAP subroutine, FORTRAN subroutine or FORTRAN function.
Transfer of information may be achieved in either of two ways.
These are:—
\

a) by reference to items in COMMON

b) by argument transfer.
The first of these requires a knowledge of the way DAP and
FORTRAN allocate COMMON storage and the second requires a
+knowledge of how FORTRAN compiles CALL statements. These will

be dealt with separately.

Common Storage Allocation

Comnon storage declared in FORTRAN programmes is allocated in the
following way:- |
a) Blank'common storage is allocated first in such a way that
the variables in blank common are assigned storage, in the
reverse order to which they are declared, starting at the
high end of store, immediately below the initial common

base, and working downwards in the store.




b) Variables in both named block and unnamed blocks of common
storage are then assigned storage in the reverse order to
which they are declared starting immediately below any
variables in blank common (or, if there is no blank
common, below the initial common base) and, again,

working downwards in the store. Thus the following

statements:—
COMMON A,B/BL1/C,D/ / E,F
COMMON X,Y,Z/BL2/R,S,T

will result in the following allocations:-—

cIple[F[R]s|T[A]BIX]Y[Z] — s high end
U of store.
B BNB B C
L plL L o)
Bk N B| L
o 2o Nlo M
L2 A L] A
c bic & L M
. K Ik Mk 2 O
-

DAP Common

Common storage declared in DAP programmes is illustrated by the

following example:~ :




AA COMN 4
BC COMN 6
CC COMN 6
Db COMN 8

-The first statement allocates identifier 'AA! 4 words below the

N

initial common base, and the second allocates 'BC! 6 words below

_ 'AA' (i.e. 10 words below the initial common base).

FC CCBC BCAA  AA
+ +
5 3

)
S

Thus if the DAP program with the COMN statements above is loaded
with the FORTRAN example, and the common base is the-samé, there

will be the following association of identifiers:-—




VS5 p——
;oS — A
BCH2 ———————e— B
BCH, ———————— X
I R
COH2 e S
(V101 — T
1)) [
DDA2 e D
DD+4 — E
DDH6 ———meeee F

Common Base In the case of FORTRAN compiled code the initial
COMMON base is a user option which can be set by the loader,

in default this is set to '100 below the top of the storeA(in

‘the case of the 12K machine '27700). To change the COMMON

base to any other value, the location FIL7 ('2000 abgve the

bottom of the loader) is changed to the desired value.

In the case of DAP programmes using the DAP MOD-2 assembler the
COMMON base is set by the pseudo operétion SETC (set common).

Thus SETC '27700.

‘This allows COMMON to be located anywhere in the store, thus saving

the change of FIL7 referred to above.

o




ARGUMENT TRANSFER

In this case the way in which FORTRAN compiles the CALL statement

must be known. The code generated is:-

JST  Routine ) when there is only

DAC  ARCG1 ) one argument.

JST Routine )

DAC  ARG1 % where there are
T ) N arguments (N> 1)
DAC  ARGN ) '

oOcT O

Knowing this it is possible to write a DAP subprogram which will
make a CALL on a FORTRAN subprogram by following this format.

The return will be made to the location following the OCT O.

'

When writing a DAP subprogram that is CALLED by a FORTRAN program
. it is possibie to use the standard Honeywell FORTRAN argument

| transfer library subroutine FZAT (doc.no.180071000) to effect
'the transfer. This has the advantage that all levels of indirect
‘addressing are removed from the argument on transfer, which can
increase the opérating speed.

An example of such a call would be:-

DAC ¢ Link word of subprogram

(used to store return address)
CALL FPAT ,
oCt 3 Number of arguments
OCT 0O ) space for the addresses
OCT 0 ) of the arguments to be

OCT § .. ) stored in




The call to FZAT must be immediately following the link word of
the called subprogram.

FPAT does not transfer the argument itself, but the storage
location at which it is located. '

For example
if the following piece of

program was in sector '05

15100 . CALL DAP Storage
15101 DAC A | 15 200 A
15102 DAC B 15 201 B
15103 DAC C 15 410 C
15104 DAC D 15274 D °

15105  LDA A
15106 ADD B
15107  STA SIM

15110 IDA C

15111~ SUB D
15112 STA DIFF
15113 IAB

Upon execution of the JST¥*, control would be transferred to

126600, where the following might be stored:-




126 600
126 601
126 602
126 603
126 604

126 605.

126 606
126 607
126 600
126 611
126 612

126 613

DAC 3¢
CALL -~ FPAT
OCT 4

oCT O

.0CT O

oCT ©
ocr ©
LDA % -4
STA AL
LDA * *-3
STA BL

JMP % 126 600

upon execution of FPAT, the locations '26 602 to 26 606 -

would be given the values '5200, '5201, '5410, '5274, i.e.

the places where the arguments are stored. Because there are

arguments stored after the CALL, the return cannot be made to

the usual place i.e. immediately after the CALL ('5101). FgAT

increments the return address by the number of arguments in this

case 4,.s0 return will be made to the correct place '5 105.

@




The subroutine may use the arguments by indirect addressing or
can transfer them into itself. In the example at-126-607 the

first argument is fetched by indirectly loading it’and~thep

storing in AL. >Similarly B is fetched and stored lbéally,;
New values of arguments can bebpassed/béck'By indirectly

storing the new values through the a dresses transferred.
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