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(d) A .GE. 7.6

It must be noted thatthe two sides of a relational operator
must be in the same mode. Otherwise, the computer will give
a syntax error called mixed mode error.

* The arithinetic expressions connected by the relational
operator represent the simplest lorm of logical expression.
The main difference between an arithmetic expression and a
logical expression is that a logical expression can take only
one of the two values, namely FRUE or IFALSE, whereasan
arthmetic expression can take infinite values.

Hierarchy of relational operators

All the six relational operators have the same hierarchy. It
15 not possible to go on combining the dilferent operators in
the same c¢xpression. Once a single relational operator is
used to combine two arithmetic entities, the resulting
expression hecomes logical and it can no longer be con-
nected with other relational operators. Logical expressions
can be connected only with logical operators. But arithmetic
operators take precedence over relational operators. Only
after the arithmetic expressions on the two sides ol a rela-
tional operator are computed, the relational operator will be
performed.

Logical operators

Logical variables and logical expressions can be further
combined only with logical operators. There are three logi-
cal operators, namely. NO1, AND and OR. The combina-
tion ot logical variables with logical operators gives rise Lo
logical expressions and they can again take only one of two
values, namely, 'RUE or FALSF.

Logical expressions and their meanings

We have said that in FORTRAN, variables also can be
declared as logical. So, logical expressions can be formed in
two ways. One, by combining arithmetic entities with rela-
tional operators and two, by combning logical variables
with logical operators. Suppose the variables A and B are
declared as logical in the beginning ot the program by an
explicit declaration statement.

The tollowing examples illustrate how the fogical opera-
tors are coded when combined with the operands:
FORTRAN Coding Meaning of the Logical Operations
Scheme for Logical
Operators

A .AND. B I'his combination can take only one
of the two values, namely, TRUE or
FALSE. I'he *AND® combination of
two logical entities is TRUE only if
both the entities are 1 RUL, other-
wise the combination is FALSE.
R. B 1 his combination also can take only
one of the two values, namely, TRUE

or FALSE. The *OR’ combination of
two logical entities is TRUE if either
both the entities are TRUE or any
one of the entities is TRUE, other-
wise the combination is FALSE,
*NOT" is called an unary operator
since it requires only one operand.
The NOT operator always prccedes
the operand. The NOT operator
simply reverses the values of the
operand following it. If A had been
originally TRUE, then .NOT. A

is FALSE. If A had been originally
FALSE. then .NOT. A is TRUE.

.NOT. A

in FORTRAN, the relational and the logical operators
are coded by placing periods immediately before and after
the codes. This is a necessary punctuation in FORTRAN.

Examples to illustrate the logical operations

Supposc we have the following two logical statements. (A
logical statcment is one which can take one of the two
values, namely, 1TRUE or FALSE.):

(i) December is the first month of a year.

(i) January is the first month of a year.

We know that the first statement is FALSE and the
second statement is TRUE.

Suppose we combine the two statements by AND and
write: December is the first month of a year and January is
the first month ol a year. This single statement which is
obtained by combining onc FALSE statement and onc
I RUE statement by the AND operator is FALSFE.

Suppose we combine the two statements by the OR opera-
tor and write, December is the first month of a year OR
January is the first month of a year. I'his single statement
which is obtained by combining onc FALSE statement and
one FRUE statement by the OR operator is TRUE.

So we can gencralise and write that a combination of two
statements connected by the AND operator will be TRUE
only if both the statements are TRUE, and FALSE if any
one of them is FALSE or both of them are FALSE. A
combination of two statements connccted by the OR opera-
tor will be TRUE if any one of the two statements is TRUE
or both of themare TRUE, and FALSE only if both of them
arc FALSE.

Suppose we write January is NOT the first month of a
year. The NOT operator operating on a statement simply
reverses the TRUE or FALSE value of the statement. Before
the insertion of the NOT operator, the statément was
TRUE. After the insertion of the NOT operator, the state-
ment has become FALSE. In effect, it amounts to saying
that NOT FALSE is TRUE and NOT TRUE is FALSE.

The results-of the three logical operators AND, OR and
NO'T can be represented in what are cailed 1 RUTH tables as
shown below:
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Truth Table for AND Operator

Value of the Value of the Value of

Logical Entity A Logical Entity B A .AND. B
FRUE TRUE TRUE
TIRUE FALSF FALSF
FALSE TRUE FALSE
FALSE FALSL FALSE

Truth Table for OR Operator

Value of the Value of the Value of

Logical Entity A Logical Entity B A .OR.B
TRUE TRUE IRUE
IRUE FALSF IRUFE
FALSE TRUE IRUE
FAISE FALSH FALSE

Truth Table for NOT Operator

Value of the Value of

Logical Entity A NOT. A
TRUF FALSE
FALSE IRUF

It may be noted that the above tables are similar to the
addition, multiplication and division tables in conventional
algebra. In conventional algebra. the tables are very long
since the number of values which a variable can take are
infinitc. ‘

In logical algebra, the number of values which a logical
variable or a logical expression can take is only two, namely,
FRUE or FALSE. This is the reason why the logical opera-
tor tables are very short. These logical operations are more
meaningtul in life than the arithmetic operations. Suppose
we have a situation as follows:

A student is evaluated by an internal and an.cxtcrnal
cxamination for 50 marks each. He must be declared passed
if he gets 20 or more marks in the externaland 50 or more in
both the internal and the external put together, otherwise he
must be declared failed. The logical statement which
resolves this situation can be given as follows:

IF (EXTERNAL MARK > 20) AND (INTERNAL
MARK + EXTERNAL MARK > 50)THEN DECLARE
‘PASS’ OTHERWISE DECLARE ‘FAIL'.

In the above statement we find that the entities within the
brackets are logical entities or logical expressions. It may be
noted that the logical expressions in this case are formed by
combining arithmetic entities with relational operators. The
two logical entities are connected by the AND operator. The
student will be declared ‘pass’ only if the two logical entities
are TRUE, otherwise he will be declared ‘fail’.

The above statement can be coded in the different compu-
ter languages for instructing the computer to compute and
output. In the above case, the relational expressions within

the brackets will be evaluated first and then the logical

operation will be done. This means that relational operators
JANUARY 1986

will take precedence over the logical operators.

Hierarchy of operators

We have seen that there are five arithmetic operators (+, -,

* | and **), six relational operators (. GT.,.LT.,.EQ.,.GE.,

.LE., and .NE.) and three logical operators (NOT., .AND,

and .OR.) in FORTRAN. All of them can appear in an

expression. In such cases we must know the precedence o1

the priority or the sequence in which the various operations

have to be performed.
The following is the hierarchy of all the operators in

FORTRAN:

1. All operations within parantheses

Exponentiation operator

. Multiplication and division operator in the order in
which they occur from left to right.

4. Addition and subtraction operator in the order in which

they occur from left.to right.

5. All relational operators have the same priority. It must be
noted that when two arithmetic variables or expressions
are connected by a relational operator, the combination
becomes a logical expression and logical expressions can
be further combined only by logical operators.

. .NOT. operator

. .AND. operator

. .OR. operator
Suppose one writes the following expression:

A+B+C .GT. D+E+F

The computer will not simply compare C with D,'but it wil

evaluate the arithmetical expressions on the left hand side

and the right hand side of the relational operator .GT. anc
compare the computed valyes of the two arithmetica.
cxpressions. This means that the arithmetical operations ar¢
performed first before the relational operations. The above
can also be explicitly written as
(A+B+C) .GT. (D+E+F)

Suppose one writes an expression using the arithmetic

variables A, B, C and D as follows:
.NOT. A .GT. B.AND. C .LT. D

A .GT. B will be performed first. C.LT. D will be performec

next, .NOT. is performed on (A .GT. B) next and lastly the

.AND. operator is performed. Thus we see that NOT i

given precedence over AND.

Suppose one writes an expression using the arithmetic
variables A, B, C and D as follows:

.NOT. A .GT. B.AND. C .LT. D .OR. A .EQ. B
The priority for the different operations are denoted expli
citly by the following paranthesised expression:

(.NOT. (A .GT. B) .AND. (C .LT. D) ) .OR. (A.EQ.B).
Thus we see that among lugical operators, OR has thi
lowest precedence and NOT has the highest precedence.
FORTRAN permits a variable to be declared as logical
and so logical expressions can be formed in FORTRA?
combining not only arithmetic variables with relations
operators, but also by combining logical variables wit;
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logical operators. It must be noted that logical vanables
must not be combined with either arithmetic or relational
operators. Arithmetic variables can be combined with both
arithmetic operators and relational operators,

Essentially, FORTRAN deals with thiee types of expres-
sions, namely, integer, real and logical I'he computer can be
dmstructed to compute the values of these three types of
CXPressions.

Relational operators in COBOL.

In addition to the arithmetic operators which we have
yeen carlier, COBOL provides for six relational operators in
order to make comparison between vanables and constants.

The following s the coding scheme and the meaning of the
six relational operators:

COBOL. Coding
Scheme 10 Represent
the Relational

Meaning of the Operations

Operators

A-B A s equal to B

A B A is greater than B8
A B A s ess than B
ANOL B A s not equal to B
ANOL - B A s not greater than B
ANOL - B A s not less than B

T he codes tor the sin relational operators are ditlerent
from the codes used in FORTRAN, though their meanmings
arce same. The operands on either side of the different rela-
tional operators can only be either variables or constants
and not expressions | he spacing on either side of the opera-
tor is 4 must. Only data of the sume type can be compared,
i.e.. numene with numeric, alphabetic with alphabeuc and
alphanumeric with alphanumeric. Remember that-the data
types of every.variable must have been described carlier.

Relational or logical expressions

When COBOL variables are connected by relatioral
operators, we get a new class of expressions called refational
or logical expressions. Computation of arithmetic expres-
stons gives rise to numeric values, whereas the computation
of logical expressions gives rise to non-numeric values,
namely, 'RULE or FALSIE.

Remember that there are no logical vatiables in COBOL.
as n the case of FORITRAN. All the relationad operators
have the same hierarchy. Once two variables are connected
by a relational operator, the combination becomes a logical
expression and so it cannot be further combined with any
relational operator. but can be combined only with logical
operators,

Y 'Wmng are examples of valid relational or logical
A
70

BASIC-PAY NOT < 500

MNO NOT= TNO

BALANCE NOT > CHECK-AMOUNT
It must be noted that the operands on either side of the
relational operator can only be variables or constants.

Logical operators

As 1n the case of FORTRAN, there are threc logical
operators in COBOL. Though their meanings are the same,
the ways of coding them are different. The three logical
operators are NOT, AND and OR. They are coded as they
are, without any periods on either side, as in the case of
FORTRAN.

Remember that logical expressions alone can be com-
bined with logical operators and the resulting expression is
agan logical. The operator truth tables are identical with
FORTRAN. The AND combination of two logical staie~
ments will be TRUF only it both the statements are | RUE
and the combinationis FALSE ifany one of themis FALSE
or both of them are FALSE. The OR combination of two
logical statements will be TRUE if any one of themis TRUE
or both of them are TRUE and the combination will be
IFALSE only if both the statements are FALSE. The NOT
operator simply reverses the TRUE or FALSE value of the
original statement.

The hicrarchy of the logical operators is the same as in
FORTRAN, i.c., the operator NOI comes lirst, the opera-
tor AND comes second and the operator OR comes third.
*arantheses cun be used to give priorily to any operation.
Relational operators in BASIC

There are six relational operators in BASIC in order to
mike comparisons between  variables, constants and
cxpressions,

The tollowing is the coding scheme and the meaning of the
six relational operators:

BASIC Coding

Scheme to Represent
the Relational

Meaning of the Operations

Operators

ALQB Asequal to B

ALIB A is less than B

AGI B A is greater than B

ALLB A is less than or equal 10 B
AGEB A is greatei than or equal 10 B
ANE B Als not equal to B

The operands on cither side of the different relational
operators can be either variables or constants or expres-
sions. The spacing on cither side of the operator is a must,
Only data df the same type can be compared, i.¢., numeric
with numeric and string with string.

All relational operators have the same hnerarchy But
when once two grithmetic or siring entities are connécted by
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a relational operator, the combination becomes a logical
expression, and a logical expression can be further com-
bined only with logical operators.

The following are examples of logical expressions formed
by combining arithmetic cxpressions with relational
operators:

(a) A-B/C GT D*E + G/H

(b) A$ + BS LT C$ + DS

(€) A +23-67,78 GT 67.5%23.4+(*]

(d) “KRISHNAN" GT “RAMU’

As we have said before, logical expressions will result only
in one ot the two values, namely, TRUL o1 FALSE. ta the
above examples the expression on the left of the relational
operator will be computed first, then the expression on the
right of the relational operator will be computed. The com-
puted values of the expressions on the left and right will then
be subjected to the relational operator which will say
whether the logical expression is TRUE or FALSE.

Logical operators

Asinthecase of FORTRAN and COBOL logical expres-
sions can be further combined only with logical operators.
There are three logical operators. namely, NOT, AND and
OR. Their meanings are the samc as in the other languages.

Remember that there are no logical variables as in the case
of FORIRAN. In FORTRAN logical variables are
declarcd in the beginning of the program. In BASIC there

are no such declaration statements for defining the nature of

the variables. 1he hierarchy of logical operators is also the
same as in the case of FORIRAN and COBOL. (NOT.
AND and OR).

The AND combination of two logical statements will be
I'RUE only if the two logical entities are 'RUE and the
combination will be FALSE if any onc is FALSE or both of
them are FALSE. 'The OR combination of two logical enti-
ties will be TRUE even if any onc of the entities is TRUE o1
both of them are TRUE, and FALSE only if both of them
are FALSE. The NOT operator simply reverses the FRUE
of FALSE value of the original logical statement.

The truth tables for the different operators are the same as
for FORTRAN.

Relational operators in PL/1

There are eight relational operators in PLFin order to
make comparisons between variables, constants and cight
retational operators. The following is the coding scheme and
the meaning of the cight relational operators.
PL/1 Coding Scheme Meaning of the Operations
to Represent the

Relational

Operators

A=B A iy equal to B
A>8B A 18 greater than B
A< B A iy less than B .
A~>B A is not grcater than B
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A =B A is greater than or equal to B
A~ B A is not less than B

A<=B A is less than or equal to B
A~:=B A is not equal to B

Only the symbolic coding for the operators is allowed
shown above, In the casc of compound operators,there mu:
be no spacing between them. The operands on either side ¢
the different relational operators can be cither variables ¢
constants or expressions. ‘The spacing on either side of tt
operator is optional. Only data of the same type can t
compared, i.e., numeric with numeric and string with strin;

All rclational operators have the same hierarchy. Bi
once two arithmetic or string entities are connected by
relational operator, the combination becomes a logici
expression and a logical expression can be further combine
only with logical operators, I'he arithmetic and the concat
nation operators have highet precedence over the relatiom
operators.

l'he computed value of a relational expression can tak
only one of the two values, namely, TRUE or FALSE. Th:
is why we call these relational expressions as logici
expressions,

Logical operators

There are three logical operators in PL. | having the san
meaning as in the other languages. Only ditference is, the
are coded in symbols instead of their mnemonic names. Tt
following is the coding scheme for the three logical oper:
tors of NOI, AND and OR

Mnemonic Names for the
Logical Operators

Symbolic Coding Used in
PL/1 for the Logical

Operators
NO'T ~
AND &
OR I or!

The following are examples of valid logical expression
formed by combining relational expressions with logic
operators:

(a) IF AzB ! B=C ! C=A

(b) IF A+B = C+D & E+F = (i+H

The expressions A+B, C+D, E+F and G+H can also |
enclosed within parantheses to give the priority explicith

The hierarchy of the logical operators is NOT, AND an
OR. Parantheses can be used to override the implied pric
rity. The meaning of the logical operators is the same as .
other languages.

Relational operators in PASCAL

There are six relational operators with which the arit
metic variables, constants and expressions can be combine
Characier vanables and constants also can be combin
with relational operators. The following is the codi



scheme of the different relational operators and their
meanings. .

Meaning of the Relational
Operations

~ Coding Scheme for
. Representing the
Relational Operators

A=-B Atsequal to B
PA B A iy greater than B
A B A dess than B
!“ A - _ B A s not equal to B
A - = B Ais less than or equal to B
A . = B As greater than or equal to B

© All the relational operators have the same hicrarchy.
- Integers and reals can be combined with the relational opera-

tors and so there is no nuixed mode error as in the case of
' FOR I RAN. Once the arithmetic expressions are connected
by a relational operator, the combination becomes a logical
- expression and it can be further connected only by logical

operators. So one cannot form expressions by going on

combining the relational operators. 1 he computed values of
“a relational or a logical expression can be only either TRUF
cor FALSE.

In PASCAL also, the relational operators are coded by
symbols and not by mnemonic names. Mnemonic names lor
relational operators are allowed only in BASIC. The mean-
ing ot the different relational operators is the same as in the
other languages. In PASCAL the equality operator is dilfer-
ent [rom the assignment operator.

Logical operators

There are three logical operators in PASCAL, namely,
NQO1. AND and OR and they are coded as they are. Spacing
must be left on cither side of the logical operators. Their
meanings are identical with thatin other languages. In PAS-
CAL we have logical variables as in the case of FORTRAN,
Logical operators can be combmed only with fogical van-
ables and fogicat expressions,

There are six arithmetic operators, six relational opera-
tors and thiee logical operators in PASCAL. T'heir prionity
is given as follows:

Precedence Operators

First NOI

Sceond DIV, MOD, AND
Lhied +. - OR

Fourth e T, T

The above scheme tells that tﬁu NOI‘ opcmtor has the
highest priority and the relational operators have the lowest
_priority. The arithmetic operators along with AND and OR
fall in between. Since the relational operators have the low-
est precedence, they must be used with parantheses to pre-
vent syntax errors. For example, il one writes
A BORC <D
‘n will be interpreted as A << (BOR C) < D, since the OR
gpnmﬂ has higher precedence over the relat:onal opera-

tors. The expression B OR C is illegal, since B and C are
arithmetic variables. So we must use parantheses and write
as

(A< BDOR(C < D)

In the above example, we want the relational operators to
precede the logical operator. So we use parantheses to
change the precedence. Operations within parantheses get
the highest priority.

Examples to illustrate logical computations

L.et us now consider some examples to see how the logical
or the boolean expressions in PASCAIL are evaluated. The
values of the arithmetic variables A, Band Carc givenas 2.3
and | respectively. The value of the logical variable
SWITCH is given as TRUE. The computed values of some
expressions are given below:

(1) NOI SWITCH AND

(tA - QORI - A)) I AL ST
(Q3J(A ~B)OR (B =) IRUL
(3)A=2 OR B-4 Hiegal
(4) (A - B)OR@B - O) AT S

With this we end our study about the operators. In the
next lesson we will study about the library functions or
built-in functions and sec how expressions can be written in
the different languages starting from the algebraic form.

(To be continued next month)
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