COMP205 IMPERATIVE LANGUAGES

6. COMPOUND (HIGHER LEVEL)
DATA TYPESII --- MORE ON
ARRAYS
1) Constrained (static) and unconstrained

(dynamic) arrays.
2) Flexible arrays
3) Multi-dimensional arrays
4) Arrays of arrays
5) Lists, sets, bags,Etc.
6) Strings

CONSTRAINED AND
UNCONSTRAINED ARRAYS

« A constrained array is an array wheretheindex is
specified (and hence the number of componentsis
specified).

* We say that the bounds are static, hence constrained
arrays are sometimes referred to as static arrays.

« Many imperative languages (including Ada but not C)
al so support some mechanism for declaring unconstrained
arrays.

« Inthis case we say that the bounds are dynamic.

» Adamakes use of the symbol <> to indicate an
unconstrained array:

type LISTL is array (INTEGER range <>) of FLOAT;
L1 : LIST1(START..END);

DYNAMIC ARRAYS

* Although C does not support the concept of unconstrained
arrays, however it does provide facilities to delay the
declaration of an upper bound of an array till runtime, i.e.
the upper bound is declared dynamically hence such an
array isreferred to as adynamic array.

e Two library functionsmal | oc and f r ee are used.

e Themal | oc(<si ze>) function obtains ablock of
memory (for the array) according to the parameter
<si ze>. (Note: The type of this parameter is system
dependent, but isusualy ani nt or anunsi gned
int).

» Thef r ee function releases a block of memory.

int num= 4;

voi d mai n(void) {
int *nunPtr = NULL;

nunPtr = (int *) malloc(sizeof (int)*num;

/* Initialise. */

nunPtr[0] = 2; nunPtr[1] = 4;
nunPtr[2] = 6; nunPtr[3] = 8;
/* CQutput. */
o . . C
printf("Array = %, %, %, %\ (bsn",
nuPtr[0], nunPtr[1], DYNAMIC
nunPtr[ 2], nunPtr[3]); ARRAY
g2 B & EXAMPLE
free(nunPtr);

} |

OTHER TYPES OF ARRAY

 Apart from the standard array forms described
earlier (static or constrained, and dynamic or
unconstrained) we can identify a number of
aternative forms of array which are afeature of
particular imperative languages.

¢ Theseinclude;

1) Flexible arrays
2) Multi-dimensional arrays
3) Arrays of arrays
4) Lists

FLEXIBLE ARRAYS

A powerful feature associated with some imperative
languages is the ability to dynamically "resize" an array
after it has been declared, i.e. during run-time.

e Such an array isreferred to as aflexible array.

« Neither Adaor C support flexible arrays (Algol'68 does).

* A similar effect can be achieved in C using the built-in
functionsmal | oc andr eal | oc.

* real | oc extends or contracts the memory space
available for apreviously declared array.




int num= 4;

void main(void) {
int *nunPtr = NULL;

/* Allocate nmenory and initialise. */

nunPtr = (int *) malloc(sizeof (int)*nunm;

MULTI-DIMENSIONAL
ARRAYS

« Multi-dimensional arrays are arrays where the elements

have more than one index.

nunPtr[0] = 2;
nunPtr[2] = 6;

--- Ouput code ---

/* Real locate menory and reinitialise.

num = 3;

nunPtr = (int *) realloc(nunPtr,sizeof (int)*nun;
1; nunPtr[1] = 3;

nunPtr[0] =
--- Ouput code ---

free(nunPtr)
}

C
FLEXIBLE
nunPtr[1] = 4; ARRAY
= &8 EXAMPLE

nunPt r[ 3]

*/

nunPtr[2] = 5;

« Inthe case of two-dimensional arrays these can be
thought of as comprising rows and columns, where the
row number represents one index and the column

number a second index.

) ; Columns

e Two-dimensional arrays are
therefore useful for storing 12
tables of information. 111 2
Rows | 2 3 4
3|5)|6

with CS_10;

use CS_IO;

voi d mai n(void) {

int ia[3][2] = {{1, 2},

{3, 4},

{5 6}};

procedure EXAMPLE is

type TWO D ARRAY_T is array (1..3, 1..

of integer;
IA: TWO D ARRAY_T := ((1, 2),

(3, 4),

2)

(5, 6));

printf("Size of array = % (bytes)\n",sizeof(ia));
printf("Num el ements = %l\ n",
si zeof (i a)/sizeof (ia[0][0]));

begi n

put (1 ACL,
put (1ACL,
put (1 A(2,
put (1 A(2,
put (1 A(3,
put (1AC3,

1))
2)); new_line;
1)
2));new_|ine;
1)

2)); new_line;

ADA 2-D
ARRAY
EXAMPLE

printf("Array conprises = %, %, %, %, %, %l\n",
ia[0][0],ia[0][1],ia[1][O],
ta[1][1],ia[2][0],ia[2][1]);

} C2-D

ARRAY
EXAMPLE

end EXAMPLE ;

* Notethat the "row" index is declared first, then the

Size of array = 24 (bytes)
Num el ements = 6
Array conprises =1, 2, 3, 4, 5 6

"column” index.
ARRAYSOF ARRAYS | LISTS
Some imperative [procedure ADA EXANPLE is
languages type Ais array (1..2) of integer; * Lists (or sequences) can be considered to be
(including Ada, A A= (1, 2); . ]
but not C) A A= (3 4): special types of arrays but:
SIPROTLAITEYS | a: a= (5, 6); —with an unknown number of elements, and
X _y_ type A OF_Ais array (1..3) of A . . . s
The distinction IA ACFA=Z (AL A2 A3): —without the indexing capability.
between array : - o '
of arrays andys beg'pzt (A1) (1))
(rjri“#gﬁsional is put (1 A(1)(2)); new I i ne; e Lists are p_opular i_n logic and functional languages
that in the put (1A(2) (1)); . but not in imperative languages.
second case the put (1A(2)(2)); new_|ine;
result need not put (1A(3) (1));
be put (1 A(3) (2)); new_line;
“ re(;tangu|ar". end ADA EXAMPLE ;




_ _SETS PASCAL SET EXAMPLE

e A setisagroup of (distinct) elements, al of the same

type, which are al possible values of some other type program SET_EXANMPLE (output);

referred to as the base type. type
* Therelationship is similar to that of an Ada sub-typetoits SOVEBASE T = 0..10;

“super-type’, e.g. positive integers to integers. SOMESET_T = set of SOVEBASE T;
» Thedistinction between an array and a set is that the var

elements are not ordered (indexed) in anyway. SET1, SET2 : SOMESET_T;
 The number of elementsin a set isreferred to asits begin

cardinality. SET1 :=[1, 2, 5];
« The only operations that can be performed on sets are “set SET2 :=[6, 8, 9];

operations’, e.g. menber , uni on,i nt ersecti on,

etc. --- More codein here ---
» Neither Adaor C feature sets, however Pascal and

Modula-2 do. end.

BAGS(MULTISETS) STRINGS

- . A further type of array isthe string.
» Bags (multisets) are similar to sets except that they yp & 9

can contain an eement more than once and record * A string is a sequence of characters usually enclosed in
how many times a value has been inserted. double quotes.

For this reason strings are sometimes referred to asa
character arrays.

« The primary operations on bags are "insert value"

and "remove value" (as opposed to theuni on, « Assuch we can use standard array operations on strings:
i nt ersecti on, etc. operations found in sets). — We can access any character in astring using an index.
— Where supported (Ada) we can access slices of strings.
* Very few imperative languages feature bags. * In Cthelast member of the array must always be the null

terminator ' \ 0' (note single quotes).

STRING DECLARATIONS | | OPERATIONSOM STRINGS
* In Cwe declare a 15 character string, nane, thus: OPERATION Ada C
char nane[ 15]; Concatenation S1 & S2 strcat(sl1, s2)
Comparison S1 = 32 strcmp(sl, s2)
i.e. asan array of characters. Copy S1 := S2 | strcpy(sl, s2)

» Adaprovidesthe basic datatypestri ng: Note: The C st r cpy function does not require
sl ands2 to beof the samelength (thisis not

NAME: string(1 .. 15); the case when using the Ada : = operator).

* Note the similarity with array declarations.




with CS_10;

procedure EXAVPLE is

use CS_ |10 ;
ADA
NAMEL: string(l1..5):= "Henri"; STRING
EXAMPLE

NAME2: string(1..15);

begi n

NAMVE2(1..6):= "E. Bal";
put ("Nane = "); put(NAMEL);

put(" ")
new_| i ne;

put (NAME2(1..6));

Nane = Henri E. Bal

put("lInitials =");
put (NAMEL(1)); put(". ");

put (NAME2(1..4));

Initi

als = H E B

#i ncl ude <stdio. h>
voi d mai n(void) {
char nanel[] = "Dick";

char nanme2[ 15];

strcpy(name2, "G une");

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

}

put (".");

new_| i ne;
end EXAVPLE

C
STRING
EXAMPLE
printf("Nane = % %\n", nanel, nane2);
printf("Initials = %. %.\n", nanel[ 0], nanme2[0]);
printf("Address of namel[0] = %l\n", &anmel[0]);
Nane = Dick Gune
Initials = D G
Address of nanel[0] = 2063808416
namel = 2063808416

SUMMARY

1) Constrained (static) and
unconstrained (dynamic)
arrays.

2) Flexible arrays

3) Multi-dimensional arrays

4) Arrays of arrays

5) Lists, sets, bags, etc.

6) Strings




