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Scope of Variables

(For the moment, we are discussing only programs
whose source code is contained entirely in one

file)

A variable defined or declared outside of any
function has global scope

- the variable is visible (read/writable) to all functions
that appear after it in the source file

Scope of Variables (cont'd)

Variables with different scopes, even if they have
the same name, are completely independent
variables

- changes to one do not affect the other!

- suggestion: use different names for different
variables, and avoid this source of confusion

- exception: very locally used iteration counters

Why not just make everything global scope?

Blocks

A block is a set of statements delimited by curly
braces: { }

- e.g., body of f or loop, whi | e loop, function definition,
or anywhere you want o define a new scope
int sum= 0;
int main (void)
{
int i;
for (i=0; i<n; i++) {
E

}
if (n>60) {
E
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Scope of Variables (cont'd)

A variable defined inside a block (including a
function) has scope only within that block

- if there is a conflict with a globally-scoped variable
with the same name, then...

most local scope prevails

i o= Example
int ] =0

int main (void)

t char ='b';
int sum= 0;

for (int k = 1; k < 4; k++)
sum += k;

(void) printf("c=%, i=%l, sunr%l\n", c, i, sum;
j =1 +13;
(void) printf("c=%, i=%, j=%\n", c, i--, j);

}
(void) printf("c=%, i=%l, j=%\n", c, i, j);
E




Scope of Labels

T —
The scope of (got 0) labels is the current function

- i.e., two functions may have labeled statements with
the same labels, without ambiguity

- corollary: you cannot got O a label defined in another
function

Lifetime (Storage Class) of Variables

Memory space for a global variable is statically-
allocated at compile and load time

- this is called the static storage class

A Kernel virtual memory

User stack
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Shared libraries Linux run.-tlme
' memory image

Run-time heap (malloc’ed)
Statically defined data

Increasing memory addresses

Instructions (code)

(unused)
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Lifetimes

;:.h‘ar c="a;

int | =0;

int main (void)
char_c = 'b';

int sum= 0;
for (int k = 1; k < 4; k++)

sum += k;
(void) printf("c=%, i=%l, sun¥%l\n", c, i, sum;
j =1 +13;
(void) printf("c=%, i=%, j=%\n", c, i--, j);
}
(void) printf("c=%, i=%l, j=%\n", c, i, j);
E
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Scope of Labels... (cont'd)

int f1(int b) {
if (b < 10)
goto | abel 1;

(void) printf(G < 10\n0);

ﬁlrfe}urn 0;

}

int f2(int a) {
if (a>5)
goto | abel 1;

(void) printf(Ga > 5\n0;

| abel 1:

[reuno

Lifetime... (cont'd)

Memory space for a variable declared inside a
block is dynamically-allocated at run time

- entry into the block triggers memory allocation and

exit triggers deallocation

- this is called the
auto Storage class

Kernel virtual memory

User stack

" !

Shared libraries

?

Run-time heap (malloc’ed)

Statically defined data

Instructions (code)

(unused)
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Lifetime... (cont'd)

The programmer can force variables declared
inside a block to be static storage class by
qualifying the declaration with the st ati c

keyword

- memory space is allocated only once, upon first

execution of the block

- local and global declarations with same identifier are

still different variables, even if declared static

Why is this useful?




Lifetime

;:.h‘ar c ="'a;

int | =0;

Int main (void)
char_c = 'b';

int sum= 0;
for (int k = 1; k < 4; k++)

sum += k;
(void) printf("c=%, i=%, sunr%l\n", c, i, sum;
{
| static int i = 35 |

] =1 + 13

(void) printf("c=%, i=%, j=%\n", c, i--, j);
}
(void) printf("c=%, i=%l, j=%\n", c, i, j);
E

}
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st ati c Keyword and Initialization

int f(void);
mai nE(voi d) { Results?

%\ nG, f());

printf (Ocount
E

_printf(Ocount = %\ nG, f());
E

printf(Ocount = %\ nO f());

int f(void) {
static int j = 0;
return (j ++);

}
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The const Keyword

An indicator that the value of a variable should not
be changed after initialization

- a good programming practice

const char ¢ = 'a';

const int i =15 + (39 %3);
E

(E

const int i = 15 + (39 % 3);
const int j =i * 6 + f();
E}

System dependent result if you try to change value
of a const variable
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Initialization of Variables

e

stati c class variables with global scope can be
initialized only with constant expressions

char ¢ = 'a';

int i =15 + (39 %3);

int j =0;

Default value, if there is no explicit initialization,
is 0

Static class variables are initialized only oncel!

Initialization ... (cont'd)

T —

aut o class variables can be initialized using any
valid expression at the point at which they are
declared (E

int i =15 + (39 %3);
intj=i*6+f();
E}

- i.e., each time the block is executed, initialization can
occur, and it can be different each time

- there is no default initial value; relying upon some
default initial value is system dependent!

The r egi st er Storage Class

A recommendation (not required to be followed) to
the compiler to consider storing the variable in a
register instead of memory

- what difference does that make?

int main (void)

(O
E
int i = 25;
doubl e m=_0.0;
for ( = 1; k < 1000000; k++)
sum += K,
E
}




The r egi ster E (cont'd)

Can only be specified for block-scoped variables
(i.e., cannot use for global variables)

- some restrictions on what types of variables can be
specified as r egi st er class, see reference manual
for details

Not often used

- optimizing compilers should be able (in most cases) to
do a better job than you can

The Stack (cont'd)

Provides storage for
- passing copies of input parameter values to functions
- saving the return address of caller
- allocating auto variables local to the block
- saving register values
- returning the result value computed by the function

All of this is called the activation record or stack
frame of the called function (i.e., the callee)
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The Stack (cont'd)

Most processors have support for stack-based
operations

cal | instruction means...

- push return address
- transfer control (jump, goto) callee first instruction

r et ur n instruction
- pop return address

- transfer control (fJump, goto) back to caller
instruction just after the cal |

Stack is perfect for supporting recursion; why?
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The Stack

An area of memory reserved for dynamic allocation
of storage needed by functions

Reminder: operations are push (insert into stack
memory area) and pop (remove most recently
pushed value)
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Example of Stack Contents

Local variables for 2()

Input parameters for 2()

> Activation record for function f2()
Saved register values

return address in 1()

return value from f2()

Local variables for f1()

Input parameters for f1() > Activation record for function f1()

Increasing memory addresses

Saved register values

return address in main()

return value from f1()
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Some Recommendations
The GNOME project:

- "Use const whenever you can (for pointers
that is)."

- "Learn the correct use of the static
keyword. Do not make all your symbols global.”

- "Learn the correct use of the const keyword.
Use it consistently, as it can make the
compiler catch a lot of stupid bugs for you.”
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Viewing the Stack with gdb
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Compared with Java

Global variables
Local variables
Scoping

Dynamic allocation

static qualifier
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Recommendations... (cont'd)

The Linux Project:

- "Descriptive names for global variables are a
must. To call a global function "f 00" is a
shooting offense.”

- “Global variables (to be used only if you really
need them) need to have descriptive names, as
do global functions”

- "Local variable hames should be short, and to
the point”
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