Vol. 49, No. 1
Jan, 5, 1980

compared to the normal value of 1:354 A% for
C(sp»)~F distances. A simjlar tendency was observed
in the microwave studies ; when the ring was assumed
undistorted (same geometry as that of pyridine), the
C-F bond distance was obtained as 11:297 A. The
microwave results were interpreted in terms of the
‘caving-in * of the ring. The NMR results are in

agreement with the view,

The molecular orientation of 2-fluorepyridine is
like that of most of the aromatics in the nematic
phases®. The molecule orients preferentially with its
plane along the magnetic field direction. The principal
axis system for the order-parameter tensor Is rotated
by —31:0° in MBBA and —29-7° in Morck Phase
IV solutions. The - Jargest principal S value then
almost points along the direction F-H(2) with values
of 0-0915 and 0°1168 in MBBA and Merck Phase
IV solutions respectively, The largest molecular
dimensions are also along the F~H(2) direction.
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A STANDARD SYSTEM OF KEYS FOR PROGRAMMABLE CALCULATORS
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Department of Statistics, College of Agriculture, Vellayani, Trivandrum 695 522 (India)

ABSTRACT
A standard system of keys involving 36 keys that are used for programming has been

proposed for a calculator,

INTRODUCTION

PROGRAMMAI LE calculators (PCs) will become
widespread in the near future. These are suitable
machines for processing small scale data. Programming
in a calculator is a much more challenging task than
programming in, a higher level language such as
FORTRAN. Here all the manipulations have to be
made within the very limited capacity of the machine.
At present the use of a programme is confined to that
particular model alone, One way to get over this
difficulty is 1o choose the most popular brand as stan-
dard and then to identily and redesignate the keys of
other machines by those of the standard. Sometimes
two or more keys have to be identificd with a single
key of the standard or vice versa. 1If the keys are
designated by a single symbol, the programme wili
look ¢legant, Unfortunately in the oxisting PCs
rmany of the keys are charectcrised by more than one
symbol and 80 are not sujtable for treating as stan-
dard, Further, not all keys given are mnocessary.
The author discusses a few keys of PCs (cach desig-
nated by a single symboel) which are capabla of solving
problems what require versatility of the order of

FORTRAN. Once the keys of a PC are identified
with those given here, programmes can be written
using these symbols. In this manner, calculator
programmes, like computer programmes, can be made
machine independent, A programme wrijtten in this
system Or a particular calculator will have to be
slightly modificd in the same way as a computer
programme, o run in other machines, In short,

this system will serve the purpose of a language for
PCs,

MATERIALS AND METHODS

The PC discussed in this paper has the following
features.

Programme steps

Each pressing of a key is rechoned as a programme
step or simply step for brevity. A step can be stored
in what js cailed a programme memory, There are
1000 programma momories sorially numbered in three
digits from 000 to 999, A step is always associated
with a programme memory where it is stored. Woe
call the serial aumber of this programme memory
as step numuber, There iv a plice jn the muchios,
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called stcp counter, which displays the step number
of the Aoy next to be executed. A programme is a
sejuence of stups for solving a specific problem. It
can .he stuted from any desired location.

The programm- is to be wnitlen in Such a way that
the log'c i1s gasly treced and the step numbers readily
determined. A poogromme can be divided into
smaller togical units, preferably corresponding  to
FORTRAN statemonts, cach coaisting of a  few
sters.  We may write these steps in a line giving only
the stp number of the first key in the line, This
simplifics the trecing of logic. The step number can
easily be obtained by starting with the first key in the
line. A logicel unit can be written In two Or mdcre
lings when a ling 1s not sufficient or when there s
some re¢ason to do So.

when there js some reason to do so. A programmc

wTitlten in this manncr will bave the appecarance of a

FORTRAN programmes,
Registers

Registers are places where numbers can be stored and
manipuleted. Thoere arc four types of rcgisters namely

disolay Tegister, internal rogister, data register {(DR)

and index register (IR). The first three work
exactly as in ordinary calculators, The display
register is used to display data entered and results
calculated. The internal registar, in association with
the display register, psrforms all calculations., The
DR js the same as memory in ordinary calculators.
We uss the  words DR and memory jnterchangeably.
There are 200 DRs serially numbered from 000 to
199. Theosoe are called addresscs of DRs and these
registers are disting'ushed from oné another by
their addresses. - The addiess must be stated when-
ever DRs are cousidered. 1ndex registers are mainly
used to address memories indirectly, This makes the
use of subscripted variables possible, Indirect address-
ing is one of the most important features of calculatar
programming. There are 10 IRs serially numbered
from 0 to 9. These nos. are called the addresses of
TIRs and must be stated whenever they are referred.
The number of DRs, TRs or programme steps will
in no way affect our system of keys and may vary
from machine to machjine. We have given their
numbers as 200, 10 and 1000 because it is sufficient
to process many of the practical problems. Using
this capacity, progran mes have been written to analyse
data from most of the statistically designed experi-
ments, inversion of a matrix of order up to 13, multiple
linear regression analysis for variables up to 17, forma-
tion of clusters in D?, etc,

Output medium

The outputs can be read from the display register
or printed on a paper. Only one pumber- can be
printed per line,

Similsrly two or morc units
£an be written in a line when they are 100 short or

Current
Scrence

Mode of operation

The machine should have algebraic mode of opera-
tion.

KEYS AND THEIR FUNCTIONS

The various keys and their functions are explained

below

Ordinary Calculator keys

There arc 23 keys which fun¢tion as in ordinary
calculators, These are the numeralkess 0,1, 2,3, 4,5,
6, 7, 8, 9; the arithmstic operation ksys +, —, X,

=, \/; the change sign k&; -+, the clear keys C,
G ; the parentheses keys (£)}; the decim 1 point key -
and the exchange key E. The key C clears display.
G is meant to clear the display, * internal and data
registers along  with  ths* -arithmstic  operation
command given to the machine, However, in view
of the existing calculators, let us use the combi-
nation G4 for this purpose. Simularly, let us .use
GO0 to clear the display and internal registers
and arithmetic operation command. The key E
exchanges the conteonts of display and internal registers.
The sequence x = is used to find the sjuare of numbers.

The data register control keys

"The four keys S, M, Z and F control the operations
on DRs. These must be followed by a 3 digit number
indicating the address of the DR concerned. The
S key stores the display in the respective DR, The
M key displays the content of the DR. The Z key
interchanges the content of the display register and
that of the data register concerned. The F key adds
the display to the content of the respective DR. The
following table gxplzains the functioning of these keys

-using DR150 as a typical data register, Suppose 15

is already on display.

TasLE I
Functioning of S, M, Z and F keys

Keys Display Comment
.e 15 Already on display
S150 15 Stores 15 in DR150
20 20 20 is entered
F150 20 20 is added to the content of
DR150
Misa 35 Content of DR150 displayed
25 25 25 18 entered
Z150 35 DR150 displayed and 25 stored
there
M130 25 Content of DR150

WW“WW
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‘Two of ong 'digit nombers can be used as memory
addresses provided -the -address is followed by a
n(}nnumﬂral key. as in MI2 X MO = F2 =., The

= key can be used to terminate memory addresses as
in the case of the second = key here.

The index register control keys

The four keys T, R, I, and D control the operations
on IRs. These keys must be followed by a s'ngle
digit integer indir ating the address of the IR concerned,
T stores the display in the respective IR. R recalls
(displays) the content.of the IR. I increments and
D decrements the content by unity. The most
important property of IRs is that they can be used to
address the DRs indirectly, This means that the
content of IR can be treated as a DR address. This
18 done by recalling the IR in place of DR zddress,
Suppose IRO contains 150. Then pressing RO
will display 150. Pressing MRO wijll display the
content of DR150 since, RO i1s now equivalent to
150, (Micro 2200 of HCL uses the decimal point
key mstea.d of the R ke 7). These points are illus-
trated in Table II° using IRO as a ftypical index

register. - Suppose 15 is' already on display.
TABLE II
Functioning of T, R, I and D Keys
Kess Display Comment
13 Already on display
T0 1S Stores 15 in IRO
10 15 Increments IR0 by 1
RO 16  Content of IR0
4+ 2 = 18 16 + 2 = 18 displayed
SRO 18 Stores 18 in the DR whose
address 1s in IR0, Here 18
is stored in DR16
25 25 25 entered
FRO 23 25 added to DRI16
ZRO 43 Exchanges DR16 and Display
MRO 25 Conient of DR16
DO 25 Decrements IR0 by 1
RO 15 Content of IRO

el T — o

The jump keys

Norm.lly a programme is executcd step by sicp,
There are two keys which can be used to transfor
control to any desired location (step), These are thg
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uncondltlonal ]ump key —. and ths conditienal ] jamp
key < . These keys have to be followed by-a 3 dl.glt
integst indicating the step number to which jump is
dssired. —  immesdiatsly  transfers control to the
step numbsr following it. < kss passes control to
the stap number following it only if the figure on display
is less than or ejual to the figure in the internal register,
otherwis¢ the jump command is ignored, The <7 key,
in comYination with ths IR control koys, forms a
powerful tool for forming loops.

The printer control keys

Thase are the P and A keys. The P ksy prints the
numosr displayed and the A key advances the paper
by a fixad amount. H:ace this ke provides spaces
betweea lines in the print out.

The halt key

Ths key H halts execution of the programmes,
The step countar will show ths stsp number of _the
ksy immsdiately following the H key. Mainual inter-
vention 1S nacessary to resums execution. This can be
dons by a resums key, (In Micro 2200, the RYD
key performs this). The H key is made use of for
entering data.

All the keys described above should only do the
functions assignad ta thsm and nothing else. In
particular, the keys S, F,.T, I, D, P, A, —, and <
should not affecct the disnlay and internal registers
and the arjthmetic operation comumand given to the
machine,

LOOPING

Repeated execution of a programme or part of a
progr. mme 1S cilied loop'ng, and the sejuence of
kess involved, & loop. The keys — and << are used
to form lcops. Since the jum> in the case of — is
unconditivnal, an infin‘te loop will be formed if this
kes is used. The control can nc/er coms out of the
loop. In the case of <<, the loop will be executed
so long as its condiuion is satisfied, The control
can be brought out of the loop by breiking the condi-
tion., So, if a loop is to be exccuted » times, w¢ store
this number in some register say DRO. Another
register preferably an index register say IR0, is
assigned the task of counting the number of repatintons.
If it contains 1 initiclly ond increases its content by
unity with each evesution, the loop can be mude to
oxccute so long as tho contont of IR is less than or
¢yual to the conteat of DX, Taat i3, the loop will
bo terminatsd whon the LR value exceads that of DR,
Thgse comirisons are nide by muans of displey and
intern . rog sters,  Taosg arg exoloined in the AW RI
that ‘follows. DRI is used as an accumulator for

total,
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Example : 1, Write a programme for finding tho
total and mean of » values,
Tasre III
Programmee for finding total and mean
Step Keys Comment
No.

000 AC Leives some space and clears

display
2 HP 50 n 1s fed and stored in DRO and

006 = papér advanced

008 0 St = DRI injtialised to 0

012 1 TO IR0 is initialised to 1

015 HP F1 Loop started. Numbers are
added one by one to DRI1

019 10 IR0 incremented

021 MO n recatled, it is

023 E stored In the internal register

024 RO No. of values added plus one
displayed

026 < and testesd whather it is less than
or equal to »

027 118] If 50, control goes to 015 to add
the next value and if not
proceeds to 030 below

030 AMIP Leaves some space and prints
total

034 — MO =

PA Mean printed and paper advanced

040 Halt End of programme.

TABLE
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The addition is done in a loop. Initially we put
0 in DRI to start the accumulation. Each execution
of the loop (steps 015 to 029) will add a value to DRI
and unity to IR0, so that after each iteration DRI
will contain the total of the values added so far and
[RO, the number of values added plus one. Then
a test will be made (steps 021 to 029) to ascertain
whether all values are added. If not, control goes
to step 015 to add the next number, The loop is
terminated when all the values are added. Then
DR1 will contain the total and IR0, n 4+ 1. In the
programme all inputs are printed and space provided
at appropriate places.

A programme can have more than one loop, Loops
can be nested.

The system of keys given here is sufficient to handle
very intricate problems eventhough many features of
programming are not discussed. When we expand
our system to include all these, most of the letters
of the alphabet will be used. Then a keyboard similal
to that of a typewriter can be designed. Hence we
will get a standard keyboard configuration also.

We conclude this paper by giving a programme to
evaluate a polynomial side by side with a FORTRAN
programme to jllustrate the correspondence between
them. In both the programmes, all inputs are printed.
Ia the calculator programme spaces have been provided
at appropriate places, The comments are left to the
reader,

Example © 2, Write a pcogramme to evaluate the
polynomial y = @y + ay x + +*+ + a, x"for values of
X = Xy, Xa, TRy Ky

The polynomial can be rewritten as y = (++» (@, x
+a,)x + -+ 4+ a)x + a, Itcan be evaluated in a
loop. The allocation of variables and registers is

given below,

v

Allocation of variables and registeres for evaluating a polynomial

Algebraic variable n x y i, ay a, ; j
FORTRAN variable N X Y A}y AM® AN+3) 1 J
Register allocated DRO DRI DR2 DR3 DR4 DR (n + 3) IR0 IR1

iy __—-PI'."-. P T e —y

P
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TABLE V

Calculator programme to evaluate a polynomial

000 AC

002 H SO =
006 PA

008 0 TV
011 3 TIL
014 H SR1
018 P

019 I0

021 Ii

023 MOE RO < 014
032 DI

034 A R1 TO
039 H S1

042 P

043 MRO S2

048 DO

050 M1 x M2 4+ MRO = 82
062 ROE 4 < 043

070 M2 P

073 — 034

077 Halt

The inputs are to be given in the order », 4, ...,
@y X1y Xop oo o5 Xopo After entering #n x value, the
corresponding y valuc will be clculited end printed,

From this example, wc see that a calculator pro-
gramme can first be written in FORTRAN, keeping
the limitations of the celculator in mind 2nd then
translating it into our ‘calculator language’. This is
a great facility for understanding the logic by others

or for the progremmer himseglf on different occasions.

APPENDIX

The correspondence of the keys of our system to
that of Micro 2200 is given here. The symbols A,

Cur Sci1--3

TABLE VI
FORTRAN programme to evaluate a polynomial

DIMENSION A (197)
READ, N
PRINT, N
I=0
J=3

14 READ, A ()
PRINT, A (J)
I=1+1
J=JT+1
IFQdQ.LE.N)GO TO 14
J=J—1

34 I=17-,
READ, X" "'
PRINT, X
Y = A ()

48 I1=1-1
Y =Y*X + A()
IF4.LE.I)GOTO 48
PRINT, Y
GO TO 34
END

CCD,EFGHILMPR,S T 2Z - and <«
correspond to SPACE, CE, DEX, EX, MFN, GOLD,
HLT, INX, MEM, PRINT, RCX, STM, STX, EXM,
GTO snd X<{Y respectively. Any R key following
F, M, § and Z must be replcced by the decimal point

key.
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