ORDER OF PROCEDURE
DECLARATIONS

¢ Inblock structured languages (where procedures and
functions may be nested) the order in which procedures
are declared also effects their visibility.

« Ada (and other block structured languages such as Pascal)
require that any use of an identifier must be preceded by
its declaration.

* The procedure currently being declared cannot see any
following procedures.

 This can be overcome by using an incomplete
declaration (called aprototypein C):

#incl ude <stdio. h> C

meanVal ue
function

float neanVal ue(float, float);

voi d mai n(void) {

float x, y;

printf("Enter 2 real numbers ");
scanf ("% %", &, &) ;

printf("\nThe nean is %\n", neanVal ue(x,y));

}

float meanVal ue(float x1, float x2){
return((x1+x2)/2.0);
}

C
meanVal ue

procedure

#i ncl ude <stdio. h>

voi d neanVal ue(float, float);

voi d mai n(void) {
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float x, y;

printf("Enter 2 real nunbers ");
scanf ("% %", &, &) ;

meanVval ue(x,y);

}

voi d nmeanVal ue(float x1, float x2) {
printf("\nThe nean is %\n", (x1+x2)/2.0);
}
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SCOPE RULES

* Scoperules govern the visibility and life time of data
items (i.e. the parts of a program where they can be
used).

¢ They also bind namesto types.

1) Where thisis determined at compile timethisis called
static binding. The opposite is dynamic binding.
2) Dynamic scopeis afeature of logic languages such as
PROLOG and functional languages such as LISP.
The advantages of static scoping isthat it allows type
checking to be carried out at compile time.

* |n most imperative languages the scope of adeclaration
starts at the end of the declaration and extends to the end
of the block.

ADA SCOPE
RULES




[A] A dataitemisvisible from whereit is

declared to the end of the block in which
the declaration is made.

procedure SUM AND PROD i s
X_ITEM: constant := 2;
Y_ITEM: constant := X | TEM2;
begi n
PUT( X_I| TEM+Y_I TEM ;
NEW LI NE;
PUT(X_I| TEMY_I TEM ;
NEW LI NE;
end SUM AND_PROD;

[B] A dataitem declared within a block

cannot be seen from outside that block,

and isreferred to aslocal dataitem, i.e.
local to ablock.

procedure SUMP_ITEM Q.ITEM: INTECER) is
TOTAL : | NTEGER ;
begi n
TOTAL := P_ITEM + QI TEM
PUT( TOTAL) ;
NEW LI NE;
end SUM
procedure PRODUCT(S_ITEM T_ITEM: |INTEGER) is
PROD : | NTEGER ;
begi n
PROD := S ITEM* T_ITEM
PUT( PROD) ;
NEW LI NE;
end PRODUCT;

[C] Anything declared in ablock isalso
visiblein all enclosed blockswithinit (in
which the data item is not redeclared).

procedure SUM AND_PRODUCT(P_I TEM QI TEM |INTEGER) is
ANSVER : | NTEGER,
procedure SUMA ITEM B ITEM |INTEGER) is
begin
ANSWER : = A_I TEM + B_I TEM
end SUM
procedure PRODUCT(C_I TEM D_ITEM |INTEGER) is
begi n
ANSWER : = C_ITEM * D_I TEM
end PRODUCT;
begi n
SUMP_I TEM QI TEM; PUT(ANSVER); NEW.LI NE;
PRODUCT(P_I TEM Q | TEM; PUT(ANSVER); NEW LI NE;
end SUM_AND_PRODUCT;

[D] Several dataitems with the same
name cannot be used in the same block,
however several items with the same
name can be declared in "different”
blocks.

* In this case the declared quantities have
nothing to do with one another (other than

sharing the same name).




procedure SUMP_ITEM QITEM: INTEGER) is
TOTAL : | NTECER
begi n
TOTAL : = P_ITEM + QI TEM
PUT( TOTAL) ;
NEW LI NE;
end SUM
procedure PRODUCT(P_ITEM QITEM: |NTEGER) is
TOTAL : | NTECER
begi n
TOTAL := P_ITEM* Q.ITEM
PUT( TOTAL) ;
NEW LI NE;
end PRODUCT;

[E] Where anameis used in ablock and
reused in a sub-block nested within it,
the sub -block declaration will override
the super-block declaration during the
life time of the sub-block.

* Thisisreferred to as occlusion. The
identifier which is hidden because of the

inner declaration is said to be occluded.

procedure SUM AND _PROD is
X_ITEM: constant := 2;
Y_ITEM: constant := X | TEM2;

procedure SUMP_ITEM QITEM: INTECER) is
X_I TEM : | NTEGER,
begi n
X ITEM:= P_ITEM + QI TEM
PUT(X_I TEM ;
NEW LI NE;
end SUM
begi n
SUM X_I TEM Y_I TEM ;
end SUM AND_PROD,

| ADA SCOPE RULES SUMMARY

1) Scope of declaration extends from where it is made to
the end of the block in which it is made.

2) Anything declared in ablock is not visible outside of
that block.

3) Anything declared in ablock is visible to all enclosed
blocks within it.

4) Several items with the same name cannot be used in the
same block, however several items with the same name
can be declared in different blocks.

5) Where anameis used in ablock and reused in a sub-
block nested within it, the sub-block declaration will
override (occlude) the super-block declaration during the
life time of the sub-block.

C SCOPE
RULES

C SCOPE RULES

* The scope of adataitemin Cis governed by its storage
class.

« Generaly dataitems belong to one of two storage
classes:
— 1) ext ern (externa) - used to define global variables visible
throughout a program.
— 2) aut o (automatic) - used to define local variables (including
formal parameters to functions) visible only inside a block.
They exist only while the block of code in which they are
declared is executing.
* Notethat alocal variable overrides aglobal variable of
the same name.
« C also supports two other storage classes st at i ¢ and
register.




PARAMETER
PASSING

a) Ada parameter modes
b) Parameter passing
mechanisms

PARAMETER PASSING

» Parameters can be classified into three groups or
modes. They can be used to:

1) Passinformation to a routine.
2) Receive information from aroutine.

3) Passinformation to aroutine whereitis
updated before being returned.
* Adaidentifiesthese asthei n, out andi n out
parameter modes.

procedure EXAMPLE is ADA PARAM ETER

X integer:= 1;

PARAMETER PASSING
MECHANISMS

Y: integer:= 2; MODES
Z: integer:= 3;
Note that by
procedure DOIT (A in integer; default a
B: in out integer;
C. out integer) is parameter
begin ISani n
C = B, B = B+A parameter
end DO IT; 1 2 3
1 3 2
begi n
put (X); put (Y); put(2); new_line;
DO IT(XY,2);
put (X); put (Y); put(2); new_line;
end EXAMPLE;

» We can identify anumber of types of parameter
passing mechanism:

1) Cadl by value

2) Call by constant value.

3) Call by reference.

4) Cal by reference-value.

5) Call by result.

6) Call by copy-restore or value-resullt.

CALL BY VALUE

¢ Call by valueisthe most common and is used
by languages such as C, Pascal, Modula-2,
ALGOL 60.

* Theformal parameter acts asalocal variable
which isinitialised with the value of the actual
parameter and may then be changed.

« However any changes made to the formal
parameter will no effect the value of the actual
parameter.

voi d mai n(void) {
int a=1 b=2 c¢=3;

printf("Before doit: a=%l, b=%l, c=%l\n",a,b,c);

doit(a, b, c);

printf("After doit: a=%l, b=%l, c=%\n",a,b,c);

} Before doit: a=1 b=2 ¢c=3
Start of doit: a=1, b=2, ¢ =3
End of doit: a =200, b=5 ¢=3
After doit: a=1 b=2 ¢c=3

void doit(int a, int b, int c) {

printf("Start of doit: a=%l, b=%l, c=%\n",a, b,c);
a = b*100; b = b+c;

printf("End of doit: a=%l, b=%l, c=%l\n",a, b,c);
}




CALL BY CONSTANT VALUE

CALL BY REFERENCE

+In Ianguages such procedure EXAMPLE is
%Ada(also N1: float:= 4.2;
ALGOL 68) the N2: float:= 9.6;
formal parameter is
alocal constant
rather than alocal

procedure MEAN_VALUE
(X1, X2: in float) is

) begi n
variable and thus put ((X1+X2) /2. 0) ;
can not be changed. new_| i ne;

e Thelatter end MEAN_VALUE;
mechanism is thus N
referred to as call R VAL (3):
by constant value. end EXAVPLE:

The disadvantage of call by value (and call by constant
value) isthat acopy is aways made of the actual
parameter to obtain the formal parameter.

The need to make a copy can be avoided using the call
be r efer ence mechanism.

Found in languages such as ALGOL 68, MODULA |1
and Pascal using VAR parameter mode.

In call be reference the formal parameters become
"diases" for the actual parameters. Consequently
everything that happens to the formal parameters also
happens to the actual parameters.

Approach has all the dangers of aliasing.

program PASSI NG (i nput, output);
var VALUE_ 1, VALUE 2: real;

procedure MEAN VALUE (NUM 1: real; var NUM 2: real);
begin

NUM 2 := (NUM_1+NUM 2)/2;
end;

begi n
readl n(VALUE_1, VALUE_2);
wite(' VALUE 1 = '); wite(VALUE 1);
wite(', VALUE 2 ="); wite(VALUE 2); witeln;
MEAN_VALUE( VALUE_1, VALUE_2);
wite(' MEAN VALUE 2 = '); wite(VALUE 2); witeln;
end.

CALL BY REFERENCE VALUE

Supported by C

In cal by reference value the address of the
actual parameter is passed.

This can then be used by the called routine to
access the actual parameters.

Consequently, in C, we can simul ate the effect of

call bereference using the call by reference value
mechanism.

voi d mai n(void) {

float n1 = 4.2, n2 = 9.6;

meanVal ue( &1, n2); Remember that:

printf("Mean = %\n",nl); e The*

} nl = 4.200000, n2 = 9.600000 operator
Mean = 6.900000 when used in

voi d neanVal ue(float *nl, float n2) { ad_eclaratlon

printf("nl = %, n2 = 9%\\n", *nl,n2); definesa

*nl = (*nl+n2)/2.0; "pointer to a

} datatype'.

* When used elsewhere it isinterpreted as "the value
contained at the address pointed at" (i.e. the pointer is
dereferenced).

* The operator & isinterpreted as "the address of ...".

CALL BY RESULT

Call by result isused in Adato implement out mode
parameters.

The formal parameter acts as an uninitialised local
variable which is given a value during execution of the
procedure.

The value of the formal parameter is then assigned to the
actual parameter on returning from the routine.




procedure EXAMPLE is
N1: float:= 4.2;
N2: float:= 9.6;
MEAN: fl oat;

procedure MEAN_VALUE

begi n
X3:= (X1+X2)/2.0;
end MEAN_VALUE;

begi n
MEAN_VALUE(N1, N2, MEAN);
put (MEAN) ;
new_| i ne;

end EXAMPLE;

CALL BY COPY RESTORE

(X1, X2: in float; X3: out float) is

Call by copy restoreis an amalgamation of call by
value and call by result.
The formal parameter acts asaloca variable whichis
initialised to the value of the actual parameter.
Within the routine, changes to the formal parameter only
affect the local copy.

On returning from the routine the final value of the
formal parameter is assigned to the actual parameter.
Call by copy restore is supported by Adato achieve "in-
out" parameter operation.

Has the same disadvantages as those associated with call
by value.

procedure EXAMPLE is
N1: float:= 4.2;
N2: float:= 9.6;

procedure MEAN_VALUE (X1: in out float;

X2: in float) is
begi n
X1:= (X1+X2)/2.0;
end MEAN_VALUE;

begi n
MEAN_VALUE( N1, N2);
put (N1);
new_| i ne;

end EXAMPLE;

SUMMARY
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