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SOME MORE KEYS AND RULES FOR A PROGRAMMABLE CALCULATOR

M. P. ABDURAZAK
Department of Statistics, College of Agriculture, Vellayani, Trivandrum 695 522 (India)

ABSTRACT

The standard system of keys' has been enlarged to incorporate the various concepts of
programming. A set of rules governing arithmetic operations and display is also given.

The Blank Key

THES key, designated as 8, is a null key which does
hothing other than passing the control to the

neat step.

Lffect of a DR Control Key Followed by the [ ov D Key

In such cases, the machine will first perform the
indicated operation on the memory whose address
is given by the content of the concerned IR and then
increment decrement its content. Hence SIp s

cquivalent to SR 1P and SD¢d to SR¢ D¢. The
other keys F, M and Z also work similarly.

Relational Operators

These are keys which cause the machine to take a
decision depending upon the relation between two
numbers. They are < and = which stand for less
than or equal 10 and equal to. The role of < has
already been defined', In view of the convenience
to the programmer, we redefine its role and similarly
define the role of =. Both the keys will cause the
display to be copied in the internal register. The
peneral Torm of thesekeys atrea < b{sss...s)andu = b
(ss5...3), where a and b are the displays before and

after encountering the operator Xey. sss...8 I8 @
sequence of steps which will be executed only if the

indicated relation is true. The bracket need not be
put if there are only four steps inside i,

The Inverse Key

The inverse key V performs the inverse complement
operation of the key succeeding it.  Yence ¥V € stands
for not less than or equal to and YV = for net equal fo,

These ideas are illustrated in the example given
below ;

Example 1. Write a programme for finding the
greatest absolute value of x,, x,, ... x,.

The programme 1s given in Table I. The inputs
are #, Xj, Xg ..., X, and output, the greatest absolute
value. Spaces have been provided at appro-
priate places.

TaBLE 1
Programme  for finding the greatest absolute value

— et -

Programme steps Comment

J—
i S S ——

el

AG4 HP S¢ = A
| T 3 T1
HP SIt I

qu?é Mqﬁ —+¢;f;~15

# is stored in DR¢

Steps @15 to b3

form a loop to store
IL! ...,I“ i.n., DR3

onwards

$31 3 T2 S2 = DR2 is initialised to
ICTO

$38 ¢ V< MI2 (&) Nos. are cailed one

by one
Sign of a negative no.

changed and com-
pared with the con~

V< M2 ES ¢2
R1 V< R2 —$38

p6S§ AMLP tent of DR2. The
greater  no.  being
retained in gf

$69  1lak End of programme

A Syl gprlel T T T R ——



62

Cu rent Science, January 30, 1981, Vol. 50, No. 2

i — —— ey

Two Special Combinations of Keys

The combination DS is used to Delete Sign from
the displayed number, i.e., for getting the absolute
value: and IN, to display the INicgral part simulia-
neously storing the fractional part in the internal
registet, (N is one of the subroutine keys to be
defined below.) The programme in example 1 can be
shortened by means of the DS combination.

Input 'Quipwy Using on Auxilary Srorage Device (ASD)

Dala can be stored on an auxplary storage device
which can be subsequently used as input. An ASD
is divided into blocks which are serally numbered,
Fach block contains as many storage locations as
there are data registers. Each storage location Is
serially numbered and can hold a number at a fime,

The Write Key

The write key W is used for output on an ASD
and the combination YW, for input from an ASD,
The general form of an output statement is a.b W c.d
and input statement, a.b YW c.d where a stands for
the number of data registers jstorage locations involved ;
b, for the starting DR address; c, for the block number
and d, for the starting storage location number in

the block.

The Subrontine Keys

A subroutine is a sequence of steps which forms
part of a programme called the main programme,
If the sequence is required several times in the main
programme, its inclusion every time will consume a
lot of steps. Such duplication of steps can be avoided
by making use of the subroutine keys. These are the
T (i.e., Jump subroutine) and N (ie., returN) keys.
The J key must be followed by the step number of
the first key of the subroutine. The I key together
with this step rumber is called the calling statement.
The I key passes control to the step number following
it, and the N key returns <ontrol to the main pro-
gramme; to the first key after the caling statement.
The J and N keys must occur in pairs and can be
nested. The use of these keys are illustrated in the

example given below.

Example 2. Write a programme to evaluate the

expression |

(5x + 8x +2)*(y* + 8y + 6)/(z* + 622 + 4z + 5)
for different values of ., y and z

This involves evaluation of polynomials and hence

steps ¢dd to ¢71 of the polynoniial evaluation pro-

gramme* can be used as a subroutine. For this, step
$72 is to be changed to N. The main programme
can be started from step ldd onwards. Tt is given
in Tat_a_lE If.

exac! rules.
efficient utilisation of the machine.
to arithmetic operations, display and storage in the
internal register are given below.
trated in Table IIL.

i —— P

Tasrg 11
Programme to illustrate the use of subrontine keys

b I

Programme steps Comment

—

1¢p  AG4

163 Jddd

The subroutine is called.
Control goes to ¢dgp
to evaluate S5x? 4+ 8x
+ 2. The result 3s
stored in DR2.
Upon reaching the N
key, control comes
back to 107 of the
main programme.

107 x =58 G¢ (5x% 4+ 8x + 2)F is
stored in DRS,

113 Jode The subroutine is called
to evaluate
'+ 8y + 6.

117 x M8 =S8 Gd The numerator evaluated
and stored m DRS.

125 I The subroutine is called
10 evaluate
z8 4- 622 + 42z + 5.

129 A -M3E =PA The value of the expres-
sion is printed.

137 Halt End c¢f the programme.

—

Rules Governing Arithmetic Operations, Display and

Internal Regisier Contents

Every operation in a calowlator is governed by
A knowledge of them is essential for the
Some rules related

These are illus-

1. Change of display will cause the previous dis-
play to be stored in the internal register.

2. The pressing of any arithmetic/relational ope-
ration key will cause the display to be copied
in the internal repister.

3. A binary arithmetic operation command will
prevail in the machine until it is cleared or a
new command 1s given.

4. 1f an operand is missing, the content of the
internal register will be taken as operand. If
the operator is missing the prevailing operator
if any will be taken as operator. In such cases

rule 1 1s applicable after inserting the missing
ferms.
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5. A binary arithmetic operation is performed by
treating the content of the internal register as
operand and the display as the number to be
operated upon. The display will then be
replaced by the result.

TapLE LII
Hlustration of rules relating to arithmetic operations
and display

Internal
Key Display register Comment
content
6 6 ..
+ 6 6 rule 2
3 3 6 rule 1
X 9 3 rules 1, S
2 2 9 rule 1
== 18 2 rules 1, 5
. TasLe LV
Evaluation of x* + xy + y?
Internal
Key Display register Comment
content
x X =S¢ X2 X x? stored in DR¢
E X x:
X y = F¢ Xy y xy added to DR¢
E y ry
x = Fe y? y y? added to DR¢

Mddd  x2+xy+y? y*  Expressionevaluated

i e —
. S

By virtue of rule 4, the sequence 6 +35 X — -2
= is equivalent to 6 +5X5—~5 2= and the
sequence 6§ + 5 X 7 =8 =9 =is equivalent 1o 6 + 5
x 7=, 8 x7T=,9%x%x7=, Raising to powers can be
done either by X = = ...... of X X X .....

These rules can save memories and steps as illus-
trated in the following two examples. The x and y
have to be replaced by their numeric values.

Example 3. Give the sequence of keys to evaluate
the expression :

[2x® + (¥ — x*)])3

The required sequence is x X =~ yE + + =~ 3 =.
Note that the value of x is entered only once and no
memory 1S used.

Example 4. Evaluate the expression:
xX¥+ xy + »*
The required sequence is given in Table 1V,

From the above examples we see that the E key is
a very powerful one. Its potential is yet to be under-
stood by many users.

For easily distinguishing negative numbers, they
may be printed in red colour.

In this and the earlier paper®, most of the con cepts
of programming have been discussed with reference
to a calculator. Any perscn well experienced with
ordinary calculators can com rehend them without
much difficulty. In colleges, programming courses
can be taught using a calculater, because many colleges
can afiord it, With this background, students can
study programming languages quickly. In programs-
ming it is not the machine that matters ; but what

‘matters is the logic or the orgarisation of the pre-

gramme. The programmer’s thoughts can.be given
expression both in a calculator and in a computer,
subject to the limitati~ns of the machine, This job
is fairly quick in a sophisticated computer whereas in
a calculator, this sophistication 15 to be matched by
the programmer’s ingenuity.

Calculator programming can be recommended as a
profitable hobby.

APPENDIX

The symbeols £, V, J; N, DS and [N are equivalent

to R/D, INV, JSB, RTN, GOLD 2 and GOLD 3 in

Micro 2200 of the HCL2, The JSB key is to be

followed by a four-digited step number. There are no

equivalent keys for <7, V<, = and V =. But their eflects
can be produced by manipulating the E key and one or
moreof XY, X =Y, X>Y and —, The D key should
not follow a DR control key, j.e., a combination like
MD¢ is not acceptable, But Ml is acceptable. T
machines with MAM, the effect of W key can be
produced by manipulating the SILVER key and one
or more of the blocks of the floppy disc,
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