COMP205 IMPERATIVE LANGUAGES

POINTERS |

4. MORE ON BASIC DATA
TYPES

1) Pointers

2) Type declarations

3) Accesdreference values
4) Type renaming/aliasing
5) Subtypes

6) Macro substitution

¢ Pointer variables have as their value an address, i.e. a
reference to another dataitem.
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« A pointer may take a special value nul | which indicates
that the pointer is pointing nowhere.

« Given apointer we can access the value "pointed" to
through a process known as dereferencing.

C POINTERS

C makes extensive use of pointers and uses two prefix
operators:

* (Asterisk)

& (Ampersand)
* when used ip adeclaration isread as "pointer to
<DATATYPE>": ‘ int *nunberpbtr; ‘

* when used elsewhere isinterpreted as "the value
contained in the reference pointed at (i.e. the pointer is

dereferenced)”: *number Ptr = *nunberPtr + 1;

& when used anywhere is read as the "reference/address
of . ‘nunberPtr = & ‘

Inthiscase x isreferred to asareference variable.

#include <stdio. h> |

n=2
voi d mai n(voi d) address of n = 2063808352
{ nptr = 2063808352

H * .
UG [y e address of nptr = 2063808356

n=2 val ue pointed at = 2
nptr = &n; n=4
printf("n = %l\n",n); address of n = 2063808352

printf("address of n = %l\i1nptr = 2063808352

pr?mig"ng;r = %1} n",nptr)iaddress of nptr = 2063808356
printf("address of nptr = . -
printf("value pointed at = vl o (o) i el e &

n = 4,

printf("n = %\n",n);

printf("address of n = %\ n", &n);
printf("nptr = %\ n",nptr);
printf("address of nptr = %\ n", &ptr);
printf("value pointed at = %l\n\n", *nptr);

}

ACCESSREFERENCE VALUES
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« Although language such as Ada and Pascal do not
specifically support the concept of pointersasused in C,
however it is possible to define a variable that has asit
value an address.

» Such dataitems are known as access or reference
variables (the concept also exists in Java).

« However, before we can explore the concept of access
values we need to consider type declarations in imperative
languages.




| TYPEDECLARATIONS |

| TYPE DECLARATIONSIN ADA |

* There are many situations whereit is desirable for
programmers to define their own types.

1) To enhance clarity and readability.

2) To obtain a better representation of reality.

3) To facilitate automatic checks on values.
i.e. to produce more reliable programs.

» Not all languages support the concept of programmer
defined types (Ada does, C does not).

» Where supported programmer-defined types are presented
using a type declaration statement. Thisbindsa"new"
type definition to a type name (whereas a data declaration
statement binds an existing type definition to a dataitem
name).

* In Ada type declaration statements have the general

form: [{ype <TYPE NAME> is <TYPE
DEFI NI TI ONb;

« Example type declarations incorporating specific ranges
and/or precisions:

type SCORE is range 0 .. 100;
type TEMPERATURE is digits 3;
type PERCENTAGE is digits 4 range 0.0 .. 100.0;

* Note that in each case the compiler will deduce that the
types SCORE and TEMPERATURE are integer types.
Similarly the compiler will deduce that the type
PERCENTAGE is afloating point type.

TYPE DECLARATIONSIN ADA
CONTINUED

» Once the above types have been declared they can be
utilised in the usual manner:

A VALUE: SCORE;

SUMMER: TEMPERATURE : = 20;

X_VALU, Y_VALU. PERCENTAGE := 100.0;

BACK TO ACCESS'REFERENCE
VALUES

with CS 1G use CS IO

¢ To declare an access
value we use atype
declaration and
include the reserved
word access inthe

procedure EXAMPLE is
type | NTEGERPTR i s
access integer;
I NT_PTR | NTEGERPTR: =
new i nteger' (2);

definition. .
begi n
. . . . put (I NT_PTR. ALL);
* If, in the above declarations, an attempt is made to assign 0 e
avalue outside the specified range an error will result. end EXAVPLE:
DISTINCTION BETWEEN MORE ON TYPE

POINTERS AND ACCESS
VALUES

« Pointers are more versatile than reference values:
1) We can inspect the value (address) of a pointer.
2) We can perform arithmetic on pointer values.
3) We can look at “the value pointed at” (dereferencing).

» Access valuesonly allow “access’ to the dataitem
referred to.

DECLARATIONS

* We have noted that the use of user defined types offers
advantages of.

1) To enhance clarity and readability.
2) To obtain a better representation of reality.
3) To facilitate automatic checks on values.
i.e. to produce more reliable programs.
» These advantages can be improved upon through a
number of other “typing” techniques:
1) Aliasing/renaming of predefined type names.
2) Creating sub-types of existing types
3) Using macro substitutions




ALIASING (RENAMING) TYPE
NAMES

* |tissometimes desirable, given a particular application,
to use more descriptive (application dependent) type
names for particular types.

« This may offer further advantages of
1) Clarity, and
2) Brevity
* InAdathisis achieved (again) using atype declaration
Statement:

Type REAL is float
NUVBERL: REAL;

In C atype definition construct is used:

typedef float REAL, *REALPTR
REAL Xx;
REALPTR xPtr;

In both examples an alternative name for the type
"float" has been declared.

In addition, in the C example, a pointer to the new
type has also been declared.

Note that by convention, in C, alternative names
are typed in uppercase.

SUB-TYPES

PREDEFINED SUB-TYPES

» Given aparticular application it is sometimes useful to
characterise a sub-set of values of some other type.

» Thisissupported by languages such as Ada (but not C).

* In Adathisis achieved using a subtype declaration
Statement:

subtype DAY_NUMBER is integer range 1..31;
Y: DAY_NUMBER = 10;

Some imperative languages that support the concept of

sub-types also provide some predefined (“built-in") sub-

types.

For examples Ada supports two predefined sub-types of

the type | NTEGER which are defined as follows:

subt ype NATURAL is | NTECGER range
0..| NTEGER LAST;

subtype POSITIVE is | NTEGER range
1. .1 NTEGER LAST;

(note the use of the integer attribute last).

ADVANTAGESOF SUB-TYPES

Use of subtypes offers similar advantages to those
associated with the use of programmer defined types:
1) Readability. 2) Good representation of reality.
3) Error checking.

CMACRO SUBSTITUTION

WHEN TO USE TYPE AND
SUBTYPE DECLARATIONS

Both offer similar advantages (see above), however
generally speaking, where adataitemisrequired to
display many of the features of the standard | NTEGER or
FLOAT types a subtype declaration should be used. Type
declarations are usually used to describe compound types
(e.g. arrays), but more on this later.

Macro substitution is where some string replaces every
occurrence of an identifier in a program.

Thisis supported by C (but not Ada and Pascal).
To define amacro substitution we include a statement at
the beginning of our program of the form:

#define <macro name> <nmacro string> ‘

For example:

#define TRUE 1
#defi ne FALSE O
The effect of thisisthat wherever the name TRUE

appearsin our program thiswill be replaced with the
string 1 on compilation, and FALSE by 0.




SUMMARY

1) Pointers

2) Type declarations

3) Accesdreference values
4) Type renaming/aliasing
5) Subtypes

6) Macro substitution




