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C Variables... (cont'd)

The data type of a variable defines its meaning

Ex: compare a 32-bit integer variable and a
floating-point (single precision) variable

- in both cases, suppose the binary value stored in
memory is 1000000010010010000111111011010

- if this is interpreted as type f | oat : 3.1415926
- if this is interpreted as type i nt: 1,078,530,010

Derived C Types

They are derived from the fundamental types:
- arrays
- functions
- pointers
- structures
- unions
- these will all be discussed later E

C Variablesl!

A variable =
a location in memory + its interpretation (?)

Interpretation of a variable is based on its
storage class and data type

Storage class consists of
- lifetime of the variable
- how variable is (or can be) initialized
- scope (visibility) of the variable
- we will discuss t hese lat er

Fundament al C Types

(also called built-in, primitive, basic types)

There are really only 2!
- integer
- floating (point), or real number

- (+ void)

Skipping (for Now)
Enumerated types: wed do t hese later E

_Complex type: we won't do (not supported in gcc
anyway)




Specializations of Fundamental Types

Integers can be...
D signed or unsi gned (si gned by default)

- really short (char ), short, regular (default), | ong,
really long (I ong | ong)

Floating point (always signed) can be...
- Regular precision (f | oat)

- Double precision (doubl e)
- Extended precision (I ong doubl e)

The lengths (in bits) of these types are somewhat
platform dependent

Min and Max Integer Values

Also platform dependent! On my machine (from file
/usr/include/limts.h)..

Type Value
Min 'unsi gned anything' 0
Min 'si gned char' -128
Max 'si gned char'’ 127
Max 'unsi gned char’ 255
Min 'si gned short int' -32,768
Max 'si gned short int’ 32,767
Max 'unsi gned short int’ 65,535

Integer Values... (cont'd)

Type Value
Min 'si gned int"' -2,147 483,648
Max 'si gned int’ 2,147 483,647
Max 'unsi gned int' 4,294,967,295
Min/Max 'si gned | ong int’ same as 'si gned i nt’
Max 'unsi gned | ong int’ same as 'unsi gned i nt'
Min'si gned | ong long int’ -9,223,372,036,854,775,808
Max 'si gned | ong | ong int' 9,223,372,036,854,775,807
Max ‘unsi gned | ong long int'| 18446,744,073,709 551,615

The national debt: $8,890,920,388,097
(+$4008B in last vear :-(.) m

Floating Point (Real Numbers)

Warning! Platform dependent! Lots of gcc options!

Terminology
+793 % 2 36
/ ’ N \
sign of the maghnitude of base of the exponent
mantissa the mantissa exponent

The IEEE Floating Point Standard:
- single precision: 8-bit exponent (base 2), 1-bit sign,
23-bit (really, 24-bit) mantissa (fraction)
- double precision: 11-bit exponent, 1-bit sign, 52-bit
(really, 53-bit) mantissa

Floating Point (cont'd)

Min (normalized) positive values (approximate)
- single: 2-126 (#10-38 )
- double: 2-1022 (x10-308)

Max (normalized) positive values (approximate)
- single: 2127 (x1038)
- double: 21023 (x10308)

"l ong doubl e" = 128-bits

- more precision than doubl e, same range

Reminder: Arithmetic Problems

The type makes a difference in computer
arithmetic

- signed vs. unsigned precisions

- overflow (integer and floating point)
- underflow (floating point)

- finite precision (floating point)

More info about floating point: see CSC236 or
CSC302 or €SC312




Implied Types of Constants

Default type for integer constants: shortest type
compatible with value, starting with
signed int ->unsigned int ->..

Default type for floating point constants: doubl e
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Converting si gned to unsi gned

This only makes sense if you are sure the value
stored in the si gned operand is positive

If si gned is the shorter operand, extend it

int a; int a;

unsi gned b; unsi gned short b;

a = -36; a = -36;

b = (unsigned) a; b = (unsigned short) a;
a = (int) b; a = (int) b;

Result: Result:

a=-36 a = 65500

b = 4294967260 b = 65500
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Converting Floating to Infeger

Round towards zero (“truncate”) to get the integer
part, and discard the fractional part

-+3999! 3
--3999! -3
- obviously some loss of precision can occur here

Overflow if the integer variable is too small
float f = 1.0e10;
int i;
i =f;
Result:
f = 10,000,000,000.0
i=-2147,483,648
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Type Conversions

Data type conversions occur in two ways

- explicitly (e.g., programmer deliberately casts from
one type to another)

- or implicitly (e.g., variables of different types are
combined in a single expression, compiler casts from
one type to another)

unsi gned char a;
int b;

float c;

doubl e d;

E

(float) b;
a+ (b* c);

c
d
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Converting unsi gned to si gned

If si gned is large enough to store the correct
value, no problems

- otherwise, will definitely be an error (overflow)!

int a;
unsi gned int b;

b = 3000000000;
a = (int) b;
Result:

a=-1,294,967,296
b = 3,000,000,000

Converting to Floating

Integer! Floating

- if value cannot be represented exactly in floating
point, convert to the closest value (either higher or
lower)

- how can this happen (can't all integers be represented
as real nhumbers?)

Double precision! Single precision

- if value cannot be represented exactly, convert to
closest value (either higher or lower)

- can overflow or underflow!
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The “Usual Conversions”

Implicit Conversions For.Arithmetic.Operations

For "mixed type" expressions, e.g., Order is significant in this table!
d=a+(b*c);
/ / Rule |If either And Then convert
double short int operand isE other other operand
float unsigned char operand |toE
.. . . isE
Are you better of f explicitly casting o compatible #1 |iong double | Anything |1 ong double |Else..

types before doing the arithmetic?

) #2 |double Anything |doubl e Else..
chars and short s are always converted toi nts :
(or unsi gned i nt s) before evaluating #3 |float Anything |f | oat Else..

expressions
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The "Usual Conversions" (cont'd) Example
- - hort int
#4 |unsi g_ned Anything |unsi gned Else... double float unsigned char shortin
long int longint
#5 |long int unsi gned |l unsi gned Else...
i nt | ong i nt d=a+ (b* c);
#6 |long int Anything |l ongi nt Else... before evaluating:
else convert b to unsigned int
- - ; - - before multiplying:
#7 |unsigned int |Anything |unsignedint |Else.. convert ¢ to unsigned int (rule #7)
#8 (both operands before “‘id'"gld +to £l oat le #3
have type i nt , convert product to oat (rule )
4i when assigning:
e @ETE convert sum to doubl e (rule #2)
needed)
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Casting (Explicit Conversion) Types for Function Arguments
Force a type conversion in the way specified “New" style of function definition

- function return type, and formal parameter types,
must be specified

Ex.: d = (double) c; - the implicit conversions occur if actual parameter
type does not agree with formal parameter type

Syntax: (typenane) expression

Are default rules good? Can you do better with
explicit casts? Advice

Special case: (voi d) expressi on; - use the new style (C90 or later)

- means value of expression must not be used in any way

- why would you ever have such an expression, if result
won't be used?

- be careful about relying on implicit conversions
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Basic | nput and Out put

Streams

e —
A streamis a file or a device from which data is
read, and/or to which data is written

By default, every C program automatically has 3
open streams, called

- the standard input
- the standard out put
- the standard error

If you do not override them...
- standard input = the keyboard
- standard output + standard error = the screen
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Reading One Character from

| Standard Input

Definition (from stdio.h): i nt get char (voi d)

char c;
a = getchar();
if (a == EOF)
{Edo processing for end of input fileE}
el se
{c = (char) a; E}
Notes

D EOF defined instdi 0. h

- storing return value directly into variable of type
char and then comparing to EOF may faill
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I/0OinC

Provided by standard library functions

- part of the C language standard, available on all
platforms

To use, you must specify before use
#i ncl ude <stdio. h>
..and it doesn't hurt to also include

#i ncl ude <stdlib. h>

These are preprocessor statements; the .h files
define function types, parameters, and
constants from the standard library
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Streams... (cont'd)

You can redirect the standard input from a file,
eg.,
pgmd9 < infile.txt

Note: the EOF character on your keyboard is
either ct r| - d (Unix, Linux, Mac OS X) or
ctrl-z (Windows)

You can redirect the standard output to a file, e.g.,

pgnm@9 > outfile.txt
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Writing One Character to the

| Standard Outfput |

Definition (from stdio.h): i nt putchar(int c)
char c;
int b;
b = putchar((int);
if (b == EOF)
{Eerror occurred, do sonethi ngE}
el se

{8

Note

- putchar'ing ¢ without explicit conversion to type i nt relies upon implicit
conversion of function parameters to work correctly
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The printf() function

put char () is too cumbersome to use for
extensive, formatted output

printf() is much more convenient library
function for formatted output, with built-in
conversions of input parameters to printable
form

Def:int printf(const char * format, E)

Variable number of arguments!

f or mat specifies how input arguments must be
converted/formatted for output
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The Format Specifier
1. %
2. 0 or more flags

3. optional minimum output field width (pad with
spaces)

4. optional precision (minimum number of digits)
5. optional length of argument

6. type of conversion to apply

34

Some Types of Conversions

Type Specifier

Char %

% (in decimal)

%0 (in octal)

%, %X (in hex)

(% u, % o, % x for long)

Unsigned integer

%, % (in decimal)
(% d,% i for long)

Signed integer

Float %

Float %, %E (use scientific notation)

(string) %8
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Examples
Code:
char a; int b; float c;
printf(Ga = % (% in octal)\nO a, a);
printf(Ob = % (% in hex)\nO, b, b);
printf(OGc = % (% in sci. notation)\nO, ¢, c);
Resul t:
a d (144 in octal)

b
c

9999 (270f in hex)
3.141593 (3.141593e+00 in sci.

not ati on)
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