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C Introduction
Introduction :

Reading: C Programming: A Modern Approach, Chapters 1 and 2 (both 1st and 2nd editions).

¥ Some history (borrowed from William MitchellÕs 352 notes from Spring 05):

¥ In mid-1969 Ken Thompson at Bell Laboratories writes the Þrst version of the UNIX operating system in 
assembler on a Digital Equipment Corporation PDP-7.

¥ Thompson starts to write a FORTRAN compiler but changes direction and creates a language called ÔBÓ, a 
cut-down version of BCPL. (ÒBasic Combined Programming LanguageÓ).

¥ G was interpreted and was oriented towards untyped word-size objects. Dennis Ritchie adds types and writes 
a compiler. Ritchie initially calls it NB for New B, but renames it C. (1972)

¥ In 1973 the Third Edition of UNIX is released. It is largely in C.

¥ In 1978 The C Programming Language by Brian Kernighan and Dennis Ritchie is published.

¥ A standardization effort began in 1983 and culminated in a standard designated as ANSI/ISO 9899:1990. 
This standard was long known as ÒANSI CÓ and is now referred to as ÒC89Ó or ÒC90Ó.

¥ The Þrst public release of C++ was in 1985 and it started attracting C developers immediately. By the late 
1980s there was a substantial and steady migration of developers from C to C++.

¥ In 1999 a new standard, ISO/IEC 9899:1999, was Þnalized but it has not been widely adopted. With the 
advent of this standard, commly called ÒC99Ó, C is no longer a subset of C++.
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Introduction (continued):

¥ What C is used for:

¥ Generally, C can be used for any production software project. It has been used in a large number of 
applications in pretty much every category.

¥ C is a general-purpose programming language which features economy of expression, modern control ßow 
and data structures, and a rich set of operators. C is not a Òvery high levelÓ language, nor a ÒbigÓ one, and 
is not specialized to any particular area of application. But its absence of restrictions and its generality make 
it more convenient and effective for many tasks than supposedly more powerful languages. Kernighan and 
Ritchie, 1978, preface to the First Edition of The C Programming Language. Repeated in the Second Edition, 
1988.

¥ C most commonly today is used in:

¥ ÒSystems softwareÓ: a broad category that includes operating systems, low-level device drivers, 
applications where high performance is crucial (i.e., message passing systems on high-performance, 
clustered computer systems).

¥ ÒEmbedded softwareÓ: characterized by the need for performance plus a small footprint.

¥ Inside just about everything these days!

¥ C is used in follow-on courses to 352 (which is a major reason why we make you take this course!)
452 Ñ Operating Systems
453 Ñ Compilers and Systems Software
422 Ñ Parallel and Distributed Programming
425 Ñ Computer Networking
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433 Ñ Computer Graphics
436 Ñ Software Engineering
477 Ñ Computer Vision
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Introduction (continued):

¥ WhatÕs bad about C?

¥ No abstract types such as strings and lists.

¥ Flat namespace for functions and global variables.

¥ No protection against out-of-bounds array references.

¥ No garbage collection Ñ you (the programmer) have to manage the heap manually.

¥ Bugs often manifest themselves at times and in places that are far removed from the faulty code.

¥ In part, this is a by-product of pointers.

¥ It is very easy to get into trouble with C.

¥ A fact: Most Internet worms exploit bugs in C code Ñ  especially buffer-overrun attacks!

¥ C vs. C++ (copied directly from William MitchellÕs notes Ñ I am only minimally familiar with C++)

¥ C++ is essentially a superset of C that supports type extension, object-oriented programming, and 
programming with generics.

¥ The machine code generated for a body of C++ code is generally as fast and memory-efÞcient as the same 
code in C.

¥ The additional power of C++ comes at a price: C++ is much more complicated than C and is packed with 
pitfalls and subtle complexities.
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           THE PROGRAMMER'S QUICK GUIDE TO THE LANGUAGES

The proliferation of modern programming languages (all of which seem to have stolen 
countless features from one another) sometimes makes it difÞcult to remember what 
language you're currently using. This handy reference is offered as a public service to help 
programmers who Þnd themselves in such a dilemma.

                 TASK: Shoot yourself in the foot.

 C: You shoot yourself in the foot.
You shoot yourself in the foot and then nobody else can Þgure out what you did.

 C++: You accidentally create a dozen instances of yourself and shoot them all in the foot. 
Providing emergency medical assistance is impossible since you canÕt tell which are bitwise 
copies and which are just pointing at others and saying, ÒThatÕs me, over there.Ó

Unix:
$ ls
foot.c foot.h foot.o toe.c toe.o
$ rm  *  .o
rm:.o no such Þle or directory
$ ls
$
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Breaking up is hard to do:

¥ Java and C programs to take the Þrst command-line argument and print the individual characters one to a line:

¥ There are no classes in C.

¥ All executable code is held in functions.

¥ Analogy: Java program with 1 class, named Everything . All code is contained in methods of Everything .
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public class breakUp {

   public static void main(String args[]) {
      char ch;
      int  i;
      int  howLong;

      howLong = args[0].length();
      for (i = 0; i < howLong; i++) {
         ch = args[0].charAt(i);
         System.out.println(ch);
      }
   } // main

} // class breakUp

#include <stdio.h>
#include <string.h>

int
main(int argc, char *argv[])
{
   char ch;
   int  i;
   int  howLong;

   howLong = strlen(argv[1]);

   for (i = 0; i < howLong; i++) {
      ch = argv[1][i];
      printf("%c\n", ch);
   }

   return 0;

} /* main */
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Breaking up is hard to do (continued):

¥ We will use the GNU C compiler, known as gcc  on Fedora (known as cc  or gcc  on OS X).

¥ By default, the gcc  command will take a C source Þle and produce an executable Þle (a ÒbinaryÓ) named a.out.
lectura-> gcc breakUp.c
lectura-> ls -l a.out
-rwx------ 1 patrick dept 6873 2008-09-18 14:24 a.out*
lectura-> file a.out
a.out: ELF 64-bit LSB executable, x86-64, version 1 (SYSV), dynamically linked (uses 
shared libs), for GNU/Linux 2.6.9, not stripped
lectura->

¥ The a.out Þle can be executed:
lectura->  a.out "Hello 352"                   
H
e
l
l
o
 
3
5
2

6



C IntroductionCSc 352 Ñ Systems Programming and UNIX

Breaking up is hard to do (continued):

¥ Three useful options for gcc :

¥ -o filename  will use filename  instead of a.out as the name of the executable

¥ -g  will prepare an executable that supports the gdb debugger.

¥ -Wall  provides more information about possible C mistakes.
lectura->  gcc -g -Wall -o breakUp breakUp.c
lectura->  ls -l breakUp
-rwx------ 1 patrick dept 8497 2008-09-18 14:25 breakUp*
lectura->  file breakUp
breakUp: ELF 64-bit LSB executable, x86-64, version 1 (SYSV), dynamically linked 
(uses shared libs), for GNU/Linux 2.6.9, not stripped

¥ Executables produced by gcc  (and all C compilers) are speciÞc for the platform on which they were compiled.

¥ In the example above, breakUp  will run only on Fedora machines that use the AMD x86-64 architecture.

¥ breakUp.c  needs to be re-compiled to run on OS X:
lectura-> scp breakUp wolf:breakUp
wolf-> file breakUp
breakUp: ELF 64-bit LSB executable, AMD x86-64, version 1 (SYSV), for GNU/Linux 
2.6.9, dynamically linked (uses shared libs), for GNU/Linux 2.6.9, not stripped
wolf-> breakUp "Hello"
breakUp: breakUp: cannot execute [Exec format error]
wolf-> gcc -g -Wall -o breakUp breakUp.c
wolf-> file breakUp
breakUp: Mach-O executable ppc
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wolf-> breakUp "Hello"
H
e
l
l
o
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Breaking up is hard to do (continued):

¥ Can use the time  command to compare the performance of the Java and C versions of breakUp.

¥ Need a nice long command-line argument to break into characters.

¥ Need to re-direct output to /dev/null  so the time to display the characters (a function of the OS and the 
display device and the network) is not charged to either program.

lectura->  time java breakUp "$(cat *.c)" > /dev/null
real    ?
user    ?
sys     ?

lectura->  time breakUp "$(cat *.c)" > /dev/null      
real    ?
user    ?
sys     ?

¥ Error handling is another area of contrast:

lectura->  java breakUp
Exception in thread "main" java.lang.ArrayIndexOutOfBoundsException: 0
        at breakUp.main(breakUp.java:9)

lectura->  breakUp
Memory fault
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Primitive types:

¥ Fundamentally, C operates on only two kinds of data: integers and ßoating-point 
numbers.

¥ Integer data types in C (somewhat simpliÞed):

¥ char , short , int , long , long long .

¥ C provides unsigned  variants of each integer type.

¥ Note: no byte  type, no boolean , (C99 supports boolean ).

¥ Floating-point data types in C:

¥ float , double , long double .

¥ These are scalar types Ñ they hold a single value.

¥ Java deÞnes the size of all scalar types.

¥ In C, the size of scalar types is Òimplementation dependentÓ. C90 speciÞes the 
minimums shown in the table.

¥ It is further required that:

¥ A short  be able to hold a char .

¥ An int  be able to hold a short , etc.

¥ There are minimums for ßoating-point types as well. A double must represent 
numbers in the range 10-37 to 10+37.
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char 8 bits

short 16 bits

int 16 bits

long 32 bits

long long (C99) 64 bits
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Variables:

¥ Scalar variables are declared by specifying a type followed by one or more identiÞers:

char ch;
int  i, j, xray, where;
float  sq_root, pi;
long initial_count, last_one;

¥ The standard speciÞes that identiÞers are composed of letters, digits, and underscores, and may not start with a 
digit. Letters can be upper- or lower-case.

[A-Za-z_][A-Za-z0-9_]*

¥ Most C compilers permit very long identiÞers.

¥ But, C99 guarantees only 31 signiÞcant characters in some cases.

¥ The C90 guarantees only 6 in some cases. (IÕve never run into this problem in my code).

10
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Constants:

¥ Lexical tokens such as 20 are called constants in C.

¥ They are called literals in Java.

¥ Integer constants can be speciÞed in decimal, hexadecimal or octal:

int ten = 10;
int twenty = 0x14;
int thirty = 036;      // leading zero indicates octal

¥ By default, the type of an integer constant is int .

¥ The L and LL sufÞxes can be added to explicitly indicate a long  or long long  constant:

long two_billion = 2000000000L;
long long three_trillion = 3000000000000LL;

¥ C code is said to be ÒportableÓ if it will operate correctly with any C compiler that meets the standard, regardless 
of the underlying machine architecture.

¥ Is the following C code portable?

int one_billion = 1000000000;   // Note: the number is 1,000,000,000

¥ (Is it portable in Java?)

11
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Constants (continued):

¥ Floating-point constants:

float  a = 123.456;
double b = -1e3;
double c = 1234e-10;

¥ By default, a ßoating-point constant has type double .

¥ A sufÞx can be added to a ßoating-point constant to force a type:

111.222F
333.444D
555.666L     (long double )

¥ Character constants are speciÞed by enclosing the character in single quotes:

char letter = 'a', pound = '#';

¥ In C, a character constant is simply another way to specify an int  constant.

¥ A char  can be initialized with an ordinary integer constant. The following two lines are equivalent:

char c1 = 98,  c2 = 0x2a, c3 = 0100;
char c1 = 'b', c2 = '*',  c3 = '@';

12

That is not a typo. A character 
constant is an int .
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String literals and printf :

Reading: Section 3.1, Section 22.3 (both 1st and 2nd editions).

¥ A sequence of characters enclosed in double quotes is a string literal.

¥ "abc"  looks just like a Java string literal, which has the type String .

¥ In C, the meaning of "abc"  is very different:

¥ Causes the creation of an unnamed char  array with four values (97, 98, 99, and 0).

¥ Produces the address of the Þrst value.

¥ Each of the four values is stored in one byte.

¥ For the time being, we will use string literals only in printf  statements.

¥ printf :

¥ Prints the speciÞed text on standard output.

¥ Interpolate argument values as format speciÞers.

¥ Any number of format speciÞers and corresponding arguments may be included:

printf("format specification", arg1, arg2, ...);

13
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String literals and printf  (continued):

¥ Some useful format speciÞers. Section 3.1 gives an overview. Section 22.3 provides lots of details. Tables 22.4 
and 22.5 on pages 488-489 (1st ed.) or Tables 22.4, 22.5, and 22.6 on pages 553-555 (2nd ed.) provide a  good 
summary.  These are good pages to Òdog-earÓ; you will be referring to them often.

¥ %d displays an int  argument as a decimal number.

¥ %o displays an int  argument as an octal number.

¥ %x displays an int  argument as a hexadecimal number. %X uses upper-case ABCDEF for the letters.

int xray = 511;
printf("xray is %d in decimal, %o in octal, %X in hexadecimal\n", xray, xray, xray);

xray is 511 in decimal, 777 in octal, 1FF in hexadecimal

¥ %c displays a char  argument as a single character.

¥ \n  puts a newline character at that spot in the output; \t  puts in a tab.

char ch = 'b';
printf("ch = %c\n\twhich is the character after %c\n", ch, ch - 1);
ch = b
        which is the character after a

¥ Can print just a message; no arguments will follow the format speciÞcation:

printf("An example program to illustrate printf formats\n");

¥ See the sample program format1.c.

14

Note: char Õs are integers!
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Initialization of variables:

¥ Java uses a ÒdeÞnite assignmentÓ rule that requires a local variable be initialized or assigned a value before it is 
used. Compilation errors result when this is not the case. C has no such rule!

lectura->  cat init1.c
#include <stdio.h>

int
main() 
{ 
   double x, y; 
   int i, j; 

   printf("i + j = %d, x + y = %g\n",
          i + j, x + y); 
   return 0;

} /* main */ 

lectura-> gcc -Wall -g -o init1 init1.c
lectura->  init1
i + j = 0, x + y = 6.9532e-310

¥ The values used by i , j , x, y are the values that just happen to be in the memory locations used by those 
variables when the program runs!

15
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Reading: Chapter 4 (1st and 2nd editions), Appendix B (1st edition) or Appendix A (2nd edition).

Operators Ñ Multiplicative :

¥ Multiplication * ,   Division / ,   Remainder  %.

¥ In general, these match their Java counterparts.

¥ The operands of % must be int Õs.

¥ If one operand of *  or /  is integral and the other is ßoating point, the result is ßoating point.

¥ Examples:

5 * 7       // 35

5.5 * 7.7   // 42.35

5 * 7.7     // 38.5

34 / 3      // 11

34.0 / 3.0  // 11.3333

34.0 / 3    // 11.3333

34 % 3      // 1

16

Operators
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Operators Ñ Multiplicative (continued):

¥ In C90: if either operand of /  is negative, whether the quotient truncates towards zero or away from zero is 
implementation speciÞc. I.e., -13 / 4  might produce -3  or -4 .

¥ In C99: the quotient of two integers is Òthe algebraic quotient with any fractional part discardedÓ; that is, it 
truncates toward zero.

¥ gcc  supports the C99 behavior.

¥ C90 and C99 have the same speciÞcation regarding division or remaindering by zero:

¥ In both operations, if the value of the second operand is zero, the behavior is undeÞned.

¥ ÒundeÞnedÓ here indicates an implementation can do whatever it wants (likely whatever is easiest to 
implement).

¥ gcc  on SPARC running Solaris 8 or 9:

¥ Floating point devision by zero produces a representation of inÞnity.

¥ Integer division by zero produces a core dump.

17
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Operators Ñ Multiplicative (continued):

¥ Division by zero, Fedora 4 (lectura) example:

lectura-> cat div1.c
#include <stdio.h>

int
main(int argc, char *argv[])
{
   double q1;
   q1 = 1.0 / 0.0;            // no warning/error
   printf("q1 = %g\n", q1); 

   int q2;
   q2 = 1 / 0;                // generates a warning
   printf("q2 = %d\n", q2);  

   return 0;
} /* main */
lectura->  gcc -Wall -g -o div1 div1.c
div1.c: In function `main':
div1.c:11: warning: division by zero
lectura->  div1
q1 = Inf
Floating Exception

18

The result is different on OS X:
   wolf-> gcc -Wall -g -o div1 div1.c
   div1.c: In function 'main':
   div1.c:11: warning: division by zero
   wolf-> div1
   q1 = inf
   q2 = 0 
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Operators Ñ Additive :

¥ Binary operators: Addition +,    Subtraction -

¥ Unary operators:  Positive +,   Negative -

¥ All four of these behave the same as their Java counterparts.

¥ Examples:

4 + 7        // 11

1e4 + 1e7    // 1.001e+07

1.2 - 3      // -1.8

-(3 - 4)     // 1

+(3 - 4)     // -1
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Operators Ñ Assignment:

¥ Assuming i  is an int , the expression i = 7  does two things:

¥ 7 is produced as the value of the expression.

¥ The side-effect: the value of i  is changed to 7.

¥ Examples:

int i = 7;            // i is declared as an int and 7 is assigned as the value of i

int j = 9;            // j is declared as an int and 9 is assigned as the value of j

int k;                // k is declared as an int

k = i + j;            // 16 is assigned as the value of k

i = 2 * (k = i + 4);  // k is assigned the value 11, i is assigned the value 22.

printf("%d\n", i = 7 + k);  // what is printed?

¥ Assignment vs. Initialization:

¥ Do not confuse these!

k = 7;              // This is an assignment statement

int z = 17;         // This is a declaration with initialization

double x, y = 0.0;  // What is this?
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Operators Ñ Compound Assignment:

¥ There are compound assignment operators for each of the binary multiplicative and additive operators:

+=   -=   *=   /=   %=

¥ They perform essentially the same as their Java equivalents.

¥ E1 op= E2   is equivalent to    E1 = E1 op E2

¥ Exception: E1 is evaluated only once in E1 op= E2. It is evaluated twice in E1 = E1 op E2

¥ Examples:

int k;

k = 9;

k += 13;   // Assigns 22 to k

k %= 2;    // Assigns 0 to k

21
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Operators Ñ Increment and Decrement:

¥ C has preÞx and postÞx increment and decrement operators: ++  --

¥ They behave similarly to their Java equivalents.

¥ It is critical to understand that these operators have two results:

¥ They produce a value.

¥ They change value of the variable.

¥ Consider this assignment statement:

int k, i = 4;

k = 7 * i++;

printf("k = %d,  i = %d\n", k, i);   // What gets printed here?

i = k-- + 14;

printf("k = %d,  i = %d\n", k, i);   // What gets printed here?
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Operators Ñ Increment and Decrement (continued):

¥ The preÞx form is different from the postÞx form:

¥ For ++x , the value of x is incremented and the (new) value of x is returned.

¥ For --x , the value of x is decremented and the (new) value of x is returned.

¥ Example:
lectura-> cat add.c
#include <stdio.h>

int
main(int argc, char *argv[])
{
   int i = 5;

   printf("i++ = %d\n", i++);
   printf("i   = %d\n", i);
   printf("++i = %d\n", ++i);
   printf("i   = %d\n", i);

   return 0;
} /* main */
lectura->  gcc -Wall -g -o add add.c
lectura->  add
i++ = 5
i   = 6
++i = 7
i   = 7

23
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Operators Ñ Relational and Equality :

¥ C provides the ÒstandardÓ six operators:

¥ Relational:    <    >    <=    >=    

¥ Equality:      !=    ==

¥ The tests performed by these are the same as their Java equivalents.

¥ The return type of these operators is different from Java. The return type is int  in C.

¥ They return 1 for true.

¥ They return 0 for false.

¥ Examples:
3 <= 4      // 1
'a' == 'b'  // 0
5.0 > 4.9   // what?
'a' >= 65   // what?

¥ Precedence:

¥ These relational operators all have the same precedence.

¥ The precedence of the relational operators is lower than the arithmetic operators.

¥ The equality operators have the same precedence.

¥ The precedence of the equality operators is lower than the relational operators.

24

Do the following compile?
What do they produce?

    1 < 2 + 3 == 4

    x == y != 'z'

    1 < 2 < 3

    3 > 2 > 1
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Operators Ñ Logical :

¥ Three logical operators:

¥ Binary:   &&    ||

¥ Unary:   !

¥ These produce an int  result of 1 if true, 0 if false.

¥ C uses short-circuit evaluation:

(x == 5) || (y == z)      // if (x == 5) is true, then y == z is NOT evaluated

¥ Analogously for &&.

¥ Java has the same behavior.

¥ Examples:

int i = 0;

3 < 4 || i++     // produces 1, i is unchanged  (a short circuit happened)

3 > 4 || i++     // produces 0, i is incremented to become 1 (no short circuit)

25
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Operators Ñ Logical (continued):

¥ The logical not operator, ! , produces an int  result of 1 if its operand is zero. It produces 0 otherwise.

¥ Examples:

!0             // 1

!1             // 0

!2             // what?

!!-2           // what?

!(1 < 2 && 0)  // what?

¥  We can ÒcaptureÓ intermediate results into variables:

int k1, k2, k3;

k1 = (k2 = i < 2) && (k3 = j < 10 || !c);

¥ Note: assignment has very low precedence.

¥ See Appendix B, page 595 (1st ed) or Appendix A, page 735 (2nd ed).  A most useful place for a dog-ear, or 
bookmark!

26



C IntroductionCSc 352 Ñ Systems Programming and UNIX

Operators Ñ Conditional :

¥ Uses the same syntax as the Java version:

E1 ? E2 : E3

¥ Evaluate E1.

¥ If E1 produces a non-zero value, E2 is evaluated and its result is the result of the conditional operator.

¥ If E1 produces zero, E3 is evaluated and its result is the result of the conditional operator.

¥ Examples:

1 ? 2 : 3

1 < 2 ? 3 < 4 : 5

¥ What does the following print?

printf(ÒProcess complete; %d box%s filled.\nÓ, n, n > 1 ? "es":"");

¥ Hint: %s is the format for printing a string.

27
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Reading: Chapters 5 and 6 (both 1st and 2nd editions).

Control Structures Ñ Statements vs. Expressions:

¥ Expressions and statements are not the same.

¥ Appending a semicolon to an expression makes it a statement.

¥ Expressions always have a type, but statements never do.

¥ The type of some expressions is void .

¥ Is the following a valid statement?

3 < 4;

28

Control Structures

Expressions Statements

x = 1 + 2
m++
printf("Hello\n")

x = 1 + 2;
m++;
printf("Hello\n");
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Control Structures Ñ if  statement:

¥ General form of a C if  statement (same as the Java version):
if ( expression )
   statement

¥ The expression is evaluated.

¥ If the value produced by the expression is non-zero then statement is executed.

¥ Otherwise execution continues at the statement following the if  statement.
if ( grade >= 89.5 )
   printf("Congrats!!!\n");
printf("Your grade is %f.\n", grade);

¥ Is the following valid? What is printed? What would never be printed?
if (n) printf("%d\n", n);

¥ The if-else  statement looks like its Java equivalent:
if ( expression )
   statement1
else
   statement2

¥ The only difference between C and Java if  statements:

¥ Java has booleans and the result of the if  is determined by true  or false  values.

¥ C does not have booleans and the result of the if  is determined by non-zero or zero values.

29
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Control Structures Ñ if  statement (continued):

¥ Pitfall:

if (index = 0)

   printf("entry not found\n");

¥ What happens when this is executed?

¥ Can this problem occur in Java?

¥ The -Wall  option for gcc  will report this as:

warning: suggest parentheses around assignment used as truth value

¥ You will  make this mistake at some point (probably at many points!). Be careful!!!!!! 

¥ Two options to avoid this (and, why does the one on the left avoid the problem?):

30

if ( 0 == index )

   printf("entry not found\n");

if ( index != 0 )

   ;

else

   printf("entry not found\n");
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Control Structures Ñ Compound statements:

¥ Used to group several statements into a single statement.

¥ General form:

{

   statement1

   statement2

   É

   statementN

}

¥ Example:

if (fuel > 0.0) {

   accelerate = F / m;

   speed = v * t + 0.5 * a * t * t;

}

else

   speed = v;

31
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Control Structures Ñ while  statement:

¥ General form:

while ( expression )

   statement

¥ Similar to its Java equivalent.

¥ Exception: C does not have booleans.

¥ The while  executes the statement as long as the expression is non-zero.

¥ Example:  Print a statement N times:

int N = 20;

while ( N-- )

   printf("Hello\n");

¥ Would this work in Java?

¥ Suppose we put --N  in the while , what will be printed?

¥ What does the following do:

while ( 1 ) {

   É

}
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¥ There is also a do-while  control structure:
      do
         statement
      while ( expression );
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Control Structures Ñ for  statement:

¥ General form:

for ( expr1; expr2; expr3 )

   statement

¥ Like while , the body is executed as long as expr2 evaluates as non-zero.

¥ Print numbers:

int i;

for ( i = 0; i < 42; i++ )

   printf("i = %2d\n", i);

¥ The C90 standard does not allow expr1  to declare the variable (this is different from Java):

for ( int i = 0; i < 42; i++ )

   printf(" i = %2d\n", i);

error: ÔforÕ loop initial declaration used outside C99 mode

¥ C99 does support these types of declarations inside for  loops.

gcc -std=c99 -Wall -g -o init init.c

¥ C99 code is not as portable as C90 code (at least, not yet).
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Control Structures Ñ for  statement (continued):

¥ A program that prints a truth table for the && and ||  operators:
lectura-> cat truth.c
#include <stdio.h>

int
main( int argc, char *argv[] )
{
   int a, b; 
   for (a = 0; a <= 1; a++) { 
      for (b = 0; b <= 1; b++) { 
         printf("%d || %d = %d\t\t", a, b, a || b); 
         printf("%d && %d = %d\n\n", a, b, a && b); 
      }
   } 

   return 0;
} /* main */
lectura-> gcc -Wall -g -o truth truth.c          
lectura-> truth
0 || 0 = 0              0 && 0 = 0

0 || 1 = 1              0 && 1 = 0

1 || 0 = 1              1 && 0 = 0

1 || 1 = 1              1 && 1 = 1
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¥ Can any of the braces in the program 
be eliminated?

¥ Can any of the braces in the program 
be eliminated and not change the 
programÕs result?
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Control Structures Ñ break  and continue  statements:

¥ The simple versions of these are similar to the Java versions.

¥ Java supports labeled break and labeled continue. C does not.

¥ break  causes an immediate exit from the enclosing loop (or the enclosing switch , see slide #38):
while ( n % 47 != 0 ) {
   if ( n % 25 == 0 ) {
      printf("found a value divisible by 25\n");
      break;
   }
   ...other stuff...
}

¥ continue  causes the remainder of the current iteration of the loop to be skipped:
while ( n < 100 ) {
   if ( n == ' ' || n == '\n' || n == '\t' )
      continue;
   count++;
   ...
}

¥ C can use goto  to simulate a labeled continue or a labeled break.

¥ You are strongly advised to avoid the use of goto .

¥ There are very rare circumstances where its use is appropriate.
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Control Structures Ñ goto  statement:

¥ Causes control to transfer to the statement with the speciÞed label.

¥ What does this program do?

lectura-> cat goto.c
#include <stdio.h>

int
main( int argc, char *argv[])
{
   int i = 1; 

   top: 
      printf("%d\n", i++); 
      if (i > 10) 
         goto done; 
      goto top; 
   done: 
      printf("All done!\n"); 
   return 0;
} /* main */

¥ The target of the goto  must be in the same function as the goto  statement.

¥ Before modern control structures evolved it was common (and necessary) to write code such as the above.

¥ If you do so today, you should be shot!
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Control Structures Ñ goto  statement (continued):

¥ So, I stated on the last couple of slides that there were very rare circumstances where a goto  is considered 
acceptable:

main()
{
   for (...) {
      while (...) {
         for (...) {
            while (...) {
               ...
               if (...)
                  goto outOfHere;
               ...
            } /* while */
         } /* for */
      } /* while */
      outOfHere:
         callSomeFunction();
   } /* for */
   ...
} /* main */

¥ The only other option: introduce a set of ßags and tests. Sometimes this makes the code harder to understand.
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¥ Note that only statements can be labeled.

¥ If you need a label at the end of a function, use a null statement:

      bottom:
         ;
   } /* end of function */  
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Control Structures Ñ switch  statement:

¥ Very similar to the one in Java. Here is a typical form:

switch (expr) {

   case const_expr1:

      stmt_block1

      break;

   case const_expr2:

      stmt_block2

      break;

   ...

   default:

      default_block

      break;

}

¥ expr  must produce an integer result.

¥ Each const_expr  must be a constant of integer type and not duplicated in another case speciÞcation.

¥ default:  can appear only once.

¥ Execution Òfalls throughÓ to the next case if there is no break .

¥ If the control expression does not match any case, and there is no default speciÞed, nothing is executed.
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The getchar()  library function :

¥ Reads a single byte from standard input.

¥ Returns the byte as an int .

¥ When no bytes remain on input, returns -1 .

¥ Note: getchar()  reads a byte and returns it as an int .

lectura-> cat dumpbytes.c
#include <stdio.h>

int
main( int argc, char *argv[] )
{
   int ch, byte_num;

   byte_num = 0;
   while ((ch = getchar()) != EOF)  //  Learn this idiom! 
      printf("%04d: %3d (%c)\n", byte_num++, ch, ch); 

   return 0;
} /* main */
lectura-> gcc -Wall -g -o dumpbytes dumpbytes.c
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lectura-> cat someText
abc
de
lectura-> dumpbytes < someText
0000:  97 (a)
0001:  98 (b)
0002:  99 (c)
0003:  10 (
)
0004: 100 (d)
0005: 101 (e)
0006:  10 (
)
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Control Structures Ñ switch  statement (continued):

¥ A program that counts vowels and non-vowels on standard input:
lectura-> cat switch.c
#include <stdio.h>

int
main( int argc, char *argv[] )
{
   int c; 
   int num_vowels = 0, num_others = 0; 

   while ((c = getchar()) != EOF) { 
      switch (c) { 
         case 'a': case 'A': 
         case 'e': case 'E': 
         case 'i': case 'I': 
         case 'o': case 'O': 
         case 'u': case 'U': 
            num_vowels++; 
            break; 
         default: 
            num_others++; 
            break; 
      } 
   } 

   printf("%d vowels, %d others\n", num_vowels, num_others); 

   return 0;
} /* main */
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lectura-> gcc -Wall -g -o switch switch.c
lectura-> switch
Some interesting text
so the program has some VowELS to count hEre and There.
24 vowels, 54 others
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Arrays:

Reading: C Programming: A Modern Approach, Chapter 8 (both 1st and 2nd editions).

¥ Declarations:

¥ Similar to declaring a simple variable, but with the size of the array speciÞed in [] 's.

int x[20], z[15], w;

float a, b[7];

¥ Zero-based indexing.

¥ All  arrays start with index 0, and extend to (declared size - 1) .

int i, a[10];

for ( i = 0; i <= 9; i++ )

   a[i] = i * i;

¥ C does not check for array-out-of-bounds errors. Example of bad code, see badSubscript.c :

int i, a[10];

for ( i = -5; i <= 15; i++ )

   a[i] = i * i;
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Array Initialization :

¥ Arrays can be initialized by specifying a sequence of values in braces:

double vals[5] = { 1.23, 1e2, 0.023, 7.5, 1e-2 };

¥ There is a difference between static and automatic initialization:

¥ Static initialization:

¥ If the array is declared outside a function, it has Þle scope and is ÒstaticÓ; that is, it is in memory whose 
location is Þxed and does not change depending on function calls.

¥ Static arrays are initialized once, at compile time.

¥ Automatic initialization:

¥ If the array is declared inside a function, it is initialized each time that the function is called.

¥ Code is generated by the compiler to handle this as part of the prologue of the function.

¥ If initialization is speciÞed, the size of the array can be omitted:

int primes[] = { 1, 2, 3, 5, 7, 11, 13, 17};
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Array Initialization (continued):

¥ If the size of the array is speciÞed:

¥ The number of initializers cannot be larger than the size.

¥ The number of initializers can be less than the size.

int a[3] = { 3, 5, 7, 9, 11};  // generates a warning or error

int b[7] = { 9, 3, 4};  // b[3], b[4], b[5], b[6] are set to zero

¥ The non-speciÞed values are set to the type-speciÞc version of zero.

¥ What is put in locations 4 through 9 by the following declaration?

char xray[10] = { 'a', 'A', 'b', '#'};

¥ Array of char  initializations:

char greeting1[10] = { 'H', 'e', 'l', 'l', 'o', '\0' };

char greeting2[10] = "Hello";

¥ These give identical results.
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greeting1
H e l l o \0 \0 \0 \0 \0

greeting2
H e l l o \0 \0 \0 \0 \0
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Array Initialization (continued):

¥ A string is a sequence of ASCII characters terminated by a nul  character:

char str[9] = "A sample";

char str_long[12] = "A sample";
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A ' ' s a m p l e '\0'

str

str_long

A ' ' s a m p l e '\0' '\0' '\0' '\0'

Array Examples:

¥ Using a char  as a subscript:

int sierra[??];

char ch;

for ( ch = 'a'; ch <= 'z'; ch++ )

sierra[ch] = 3 * ch;

¥ What is the minimum size needed in the declaration of sierra ?

¥ The for  loop is assigning to which values of sierra ?
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Array Examples (continued):

¥ Copying an array:

int yoke[10] = { 15, 25, 35, 45, 55, -15, -25, -35, -45, -55 };
int zebra[10];

¥ This does not work! 

zebra = yoke;

¥ Here is one way to do it:

int i;

for ( i = 0; i < 10; i++ )
   zebra[i] = yoke[i];

¥ Here is another way to do it:

int i;

for ( i = 0; i < 10; zebra[i] = yoke[i], i++ )
;

¥ Does one approach have an advantage over the other?

¥ Another approach: 

memcpy( zebra, yoke, sizeof(yoke) );
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memcpy will copy from yoke  to zebra  the 
number of bytes speciÞed by sizeof(yoke) .
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Multi-Dimensional Arrays :

Reading: Section 8.2 (both 1st and 2nd editions).

¥ C supports multi-dimensional arrays; that is, arrays with more than one dimension.

int zap[6][5]

¥ Declares zap  to be an array of 6 elements,  where each element is an array of 5 integers.

¥ C uses row-major order to lay out arrays.  Thus, the declaration above for zap  leads to the following picture:
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zap[0] zap[1] zap[2] zap[3] zap[4] zap[5]
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Multi-Dimensional Arrays (continued):

¥ Array initialization:

¥ Braces are used to enclose the initial values, with commas separating each element:

int xray[4] = { 3, 42, -17, 6 };
float zebra[3] = { 3.17, 19.269, 1.414 };

¥ Multi-dimensional arrays can be initialized with multiple sets of braces, each set encloses the contents of one 
singly-dimensioned array:

int zap[6][5] = {
   {  3, 42, 19,  7,  6 },
   { 19, -9,  7,  0, 16 },
   { 14, 13, -2, -1, 99 },
   { -2, -8, -9, -1, -7 },
   { -6, -7, -2, 19, 18 },
   {  6,  7,  8,  9, 10 }
};

¥ This can also be done without the interior sets of braces.

int zap[6][5] = { 3, 42, 19,  7,  6, 19, -9,  7,  0, 16,
                  14, 13, -2, -1, 99, -2, -8, -9, -1, -7,
                  -6, -7, -2, 19, 18,  6,  7,  8,  9, 10};

¥ Not recommended, as it is more difÞcult for people to understand what element goes where.
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Note: commas separate each array element.

Note: No comma here.
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Multi-Dimensional Arrays (continued):

¥ Array initialization (continued):

¥ You can have the Þrst dimension determined automatically by the compiler:

int zap[][5] = {
   {  3, 42,  7,  6 },
   { 19, -9,  7,  0, 16 },
   { 14, 13, 99 },
   { -2, -8, -9, -1, -7 },
   { 19, 18 },
   {  6,  7,  8, 10 }
};

¥ The Þrst dimension is determined by the number of initializers (interior sets of braces).

¥ Note: If there are not enough values within an initializer, as in the above example, this is not an error.

¥ Do the unspeciÞed elements exist?

¥ If yes, what will be stored in the unspeciÞed elements?

¥ If no, how is the array laid out in memory?
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Arrays (continued):

¥ The argv  parameter to main  is a pointer to an array of pointers to strings:  char *argv[]

¥ The last entry in the array of pointers is always NULL.

¥ argc  is the number of non-NULL pointers in the array of strings.

¥ Thus, the size of argv  is argc + 1 .

¥ Example:

string-args1 how are you today?
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s t r i n g - a r g s 1 \0

h o w\0

a r e \0

y o u \0

t o d a y ? \0

Null

0
1
2
3
4
5

5
argc

argv

mainÕs stack
resides in heap space, not on any stack
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Arrays:

¥ Array of char  initializations:

char greeting1[10] = { 'H', 'e', 'l', 'l', 'o', '\0' };
char greeting2[10] = "Hello";
char *greeting3 = "Hello";

¥ The Þrst two give identical results.

¥ The third one does not! A string is a sequence of ASCII characters terminated by a nul  character:

char str[9] = "A sample";

char str_long[12] = "A sample";
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A ' ' s a m p l e '\0'

str

str_long

A ' ' s a m p l e '\0' '\0' '\0' '\0'

H e l l o \0
greeting3

greeting1
H e l l o \0 \0 \0 \0 \0

greeting2
H e l l o \0 \0 \0 \0 \0


