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Expressions

Mathematical operations +, - , * , /, MOD

You have already seen some of the ways in which the ZX Spec trum Next can cal cu late with num bers. It 
can per form the four arith me tic op er a tions +, -, * and / (re mem ber that * is used for mul ti pli ca tion, and 
/ is used for di vi sion), and it can find the value of a vari able, given its name. The example:

gives just a hint of the very important fact that these calculations can be combined. Such a
combination, Iike sum*20/100, is called an expression; so an expression is just a shorthand way of
telling the computer to do several calculations, one after the other. In our example, the expression
sum*20/100 means look up the value of the variable called "sum", multiply it by 20, and divide by 100.

There's also one more mathematical operation, the modulo which returns the remainder of a division.
It is used in the same way as the division operator but is denoted instead by MOD. Modulo operators
can only be used within an integer expression. As an example the direct command:

will return 5 which is the remainder of the division of 17 by 6.

To recap the order in which mathematical expressions are evaluated: multiplications and divisions are
done first. They have higher priority than addition and subtraction. Relative to each other, multiplication 
and division have the same priority, which means that the multiplications and divisions are done in
order from left to right. When they are dealt with, the additions and subtractions come next - these
again have the same priority as each other, so we do them in order from left to right.

Although all you really need to know is whether one operation has a higher or lower priority than
another, the computer does this by having a number between 1 and 16 to represent the priority of
each operation: * and / have priority 8, and + and - have priority 6.

This order of calculation is absolutely rigid, but you can circumvent it by using parentheses; anything
in parentheses is evaluated first and then treated as a single number.

Unary NOT (!)

In Integer expressions, NextBASIC provides one unary operator, that is an operator that only requires
one (integer) number alone. This is:

! bitwise NOT

Bitwise NOT inverts the bits of said number from 0 to 1 and vice-versa. 

returns 65520 as binary 15 (0000 0000 0000 1111) gets 
inverted to become 65520 (1111 1111 1111 0000)

returns 21845 as binary 43690 (1010 1010 1010 1010) gets
inverted to become 21845 (0101 0101 0101 0101)

Bitwise operations <<, >>, &, !, ^

NextBASIC, can also perform 5 bitwise operations (that is operations on the individual binary digits that
make up a number) on integer variables and expressions. These are:
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Specifically for Integer Expressions, the order of calculations is strictly left-to-right with the exception
of the use of parentheses. In the case of multiple sets of parentheses, their contents are also
evaluated from left-to-right



<< x Shift each bit x places left

>> x Shift each bit x places right

x & y Bitwise AND between x and y

x | y Bitwise OR between x and y

x  y Bitwise XOR between x and y

More information on Bitwise operations can be found on Integer Expressions below.

Binary relational operations <, >, = ,<=, >=, <>

< less than

> greater than

= equal to

<= less than or equal to

>= greater than or equal to

<> not equal to

The six binary relational operators, work very much like their regular counterparts, but only within
integer expressions and always produce a result of $0000 for false and $FFFF for true.

Expressions

Expressions are useful because, whenever the computer is expecting a number from you, you can
give it an expression instead and it will work out the answer. The exceptions to this rule are so few that
they will be stated explicitly in every case.

You can add together as many strings (or string variables) as you like in a single expression, and if you
want, you can even use parentheses. In the case of Integer Expressions there are some further
considerations and limitations as well as additional capabilities (ie. Bitwise operations and modulus)
so they warrant a separate examination below.

Variable names and limitations

We really ought to tell you what you can and cannot use as the names of variables. As we have already 
said in Chapter 2, the name of a string variable has to be a single letter followed by $; and the name of
the control variable of a FOR - NEXT loop must be a single letter; but the names of ordinary numeric
variables are much freer. They can use any letters or digits as long as the first one is a letter. You can
put spaces in as well to make it easier to read, but they won't count as part of the name. Also, it doesn't
make any difference to the name whether you type it in capitals or lowercase letters. There are some
restrictions about variable names which are the same as commands (keywords), however, in general, 
if the variable contains a NextBASIC keyword in it (with spaces either side) then it won’t be accepted.

Integer variables are a bit different as they can only be a single letter A to Z (or lower case a to z) and
they're assigned in an expression that begins with a % eg:

Additionally, all integer values are treated as unsigned 16-bit values, and all operations are performed
within the confines of 16bits, meaning all results are truncated to a max value of 65535, with no checks 
for overflow/underflow (except division by zero, which results in error 6, Number too big). Integer
variables are all stored in some of the RAM 8 bank (more about RAM banks in Chapter 24) and as a
result provide the advantage of speed of access by being always at a known locations and lower
memory usage as they do not use space in the normal  NextBASIC/variables area
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Further of note is that if a line contains an integer expression, ALL variables and arrays contained within 
the same expression are integer ones. In cases where there are are more than one integer
expressions within a line, each needs to be preceded with a %.

Here are some examples of the names of variables that are allowed:

x

t42

ItIsWithAHeavyHeartThatIMustSay

nowWeAreSix (these last two names are considered the same,

nOWWeaReSiX and refer to the same variable)

The following are not allowed to be the names of variables:

pi PI is a keyword

2001 (it begins with a digit)

A new variable (contains the separated keyword NEW)

3 bears (begins with a digit)

M*A*S*H (* is not a letter or a digit)

Fotherington-Thomas (- is not a letter or a digit)

Integer variables can only use the letters A to Z (again, case does not matter, so a to z are also
acceptable) - as you can see blow, for a variable to be treated as integer, a % symbol somewhere in
the same expression must precede it.

Scientific notation

Numerical expressions can be represented by a number and exponent; again refer to the Prologue
chapter. Try the following to prove the point:

and so on up to:

You will see that after a while the computer also starts using scientific notation. This is because no
more than fourteen characters can be used to write a number. Similarly, try:

and so on.

PRINT gives only eight significant digits of a number. Try:

This proves that the computer can hold the digits of 4294967295, even though it is not prepared to
display them all at once.

The ZX Spec trum Next, un less in te ger vari ables are ex pressly used (see above), uses float ing point
arith me tic, which means that it keeps sep a rate the dig its of a num ber (its man tissa) and the po si tion of 
the point (the ex po nent). This is not al ways ex act, even for whole numbers.
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Type:

Numbers are held to about nine and a half digits accuracy, so 1e10 is too big to be held exactly right.
The inaccuracy (actually about 2) is more than 1, so the numbers 1e10 and 1e10+1 appear to the
computer to be equal. For an even more peculiar example, type:

Here the inaccuracy in 5e9 is only about 1, and the 1 to be added on in fact gets rounded up to 2. The
numbers 5e9+1 and 5e9+2 appear to the computer to be equal.

The largest integer (whole number) that can be held completely accurately is 1 less than 32 2s
multiplied together (or 4,294,967,295) - in other words: 232 -1

The string "" with no characters at all is called the empty or null string. Remember that spaces are
significant and an empty string is not the same as one containing nothing but spaces.

Try:

When you press ENTER, you will get the flashing question mark that shows there is a mistake
somewhere in the line. When the computer finds the double quotes at the beginning of "Finnegans
Wake", it imagines that these mark the end of the string "Have you finished ", and it then can't work out
what 'Finnegans Wake' means.

There is a special device to get over this; whenever you want to write a string quote symbol in the
middle of a string, you must write it twice, like this:

As you can see from what is printed on the screen, each double quote is only really there once; you
just have to type it twice to get it recognised.

Decimal, Binary and Hexadecimal numbers

Number literals in NextBASIC can be expressed in Decimal (default), Binary (preceded by @) and
Hexadecimal (preceded by $). Only integers can be expressed in Binary and Hexadecimal notation.
The same as any other integer expression apply to binary and hexadecimal literals; they need to be
preceded by %, once per expression. Consider these examples:

The first example is invalid as there are two separate expressions following the PRINT keyword with
the  second one not being expressly marked as an integer one. The second example is valid as it
contains two, properly marked (preceded by %) integer expressions. The third example is also valid
since the  addition of the hexadecimal and binary numbers is a single integer expression (and
therefore it doesn't need a second %).

More about Integer Expressions and Variables

As previously mentioned, the main two reasons for the use of Integer Variables, Arrays and
Expressions is memory efficiency (as the variables and arrays reside outside of normal NextBASIC
space in Bank 8) and speed of execution. Furthermore, integer variables allow for simple bitwise
operations that would otherwise require relatively complex programs and calculations using standard
floating point numbers.

Integer variables can be used in assignments (using keywords LET, INPUT, READ, FOR,
ENDPROC and PROC) by preceding their name with a % symbol.
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It is not possible to access standard numeric variables or functions within an integer expression, or to
access integer variables or operations within a standard numeric expression. In the following
program:

you might expect line 70 to produce 8 and 15. Instead it returns 10 and 10 as the % in lines 50 and 60
indicates that the entire expression is an integer expression, and all the variables named in each line,
are integer variables even though each name is not directly preceded by a % and only line 100
produces a different output; 8 and 10 respectively.

It is, as apparent from the above example, possible therefore, to assign an integer expression to a
standard normal numeric variable, or vice-versa, and the value will be converted appropriately.This
automatic conversion is called casting and it's best illustrated in line 80 above as well as the examples
below which are all valid assignments:

assigns truncated floating point calculation to integer variable A

shifts integer array element A(7) left 3 bits and adds to integer variable B

calculates standard numeric variable addr from low and high bytes in integer array X elements 0 and
1.

To avoid confusion, it would be a good practice to not use one or more single letter standard variables 
when there's a possibility of a similarly named variable existing in its integer form and instead use a
more easily identifiable name.

Bitwise operations on integer variables and arrays are pretty straightforward and involve manipulations 
of the individual bits of an integer number as represented in the ZX Spec trum Next's mem ory.
Shift ing left or right in volves mov ing the bi nary con tent of an in te ger vari able x places (bits) to the left or
right, pad ding from the right or left re spec tively with as many 0s as the places we shift the num ber for. 

To illustrate bit shifting we can do the following example Let's assign the decimal number 1201to
integer variable A, then manipulate its bits by shifting them left and right and print the result:

This will return 1200 when run. To demonstrate what went on we could illustrate the expressions in two
consecutive PRINT statements:
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Once we see how the numbers are stored in memory as a series of bits we can easily understand
what happened:

The remaining bitwise operations are very straightforward. Bitwise AND (&) is used to quickly
determine if a bit inside a number is set to 1or not. The first operand is the number we want to check
and the second one is called the bitmask which is the number we check against. Consider these two
examples:

First example will return 0 while the second 2. Reason for this is that the numbers in the first example
don't have coinciding 1 bits in the same positions while on the second example the second bit will be
1 and as a consequence the bits that match will be the first and second which make binary 10 which
in decimal equals 2. To illustrate further:

170
AND 85 (Bitmask)
Result

As you can see, no bit set to 1 in any position of the two numbers matches each other, therefore the
result returned is 0 whereas in the second example:

227
AND 2 (Bitmask)
Result

Bit 2 of the mask, matches bit 2 of the number and it is 1 therefore 10 is returned (binary equivalent of
decimal 2)

Bitwise OR (|) will return 1 in any position if at least one bit of the two numbers is the same position is 1
and 0 if both are set to 0. For example:
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Fig. 8 - BIt shifting



will return 235 as only bits in positions 3 and 5 in both numbers are set to 0 making the resulting
number 11101011 in binary form (or 235 in decimal). To better illustrate:

170
OR 107 (Bitmask)
Result

Finally, bitwise XOR ( ) will only return 1 in any position if either bit is set to 1 but not both. So two 0s and
two 1s, both return 0 in a position. Using the same numbers as in the previous example:

will return 193 or binary 1100001 since:

170
XOR 107 (Bitmask)
Result

Bitwise expressions are uniquely helpful in determining the condition of flags in several of the ZX
Spec trum Next ports (as we will see in Chap ter 23) as these take the form of in di vid ual bits in a bi nary
num ber and test ing those with reg u lar (float ing point) arith me tic can be cum ber some and slow.
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