ECS 30 notes.


I. A. intro – see book

II. A. 2.1


1. compiling & linking: getting a program to run by converting it to a form the machine can execute


a. preprocessing: the program is given to a preprocessor which deals with directives (i.e. commands that begin w/ #) 


b. compiling: the modified program now goes to a complier which translates it into object code (i.e. machine instructions)


c. linking: a linker now combines the object code with any additional code (including the library functions in the program) needed to yield a complete executable program



1. ex. in UNIX, to compile and link the program:




% gcc -o program program.c
     B. 2.2


1. 3 key language features



a. directives: editing commands that modify the program prior to compilation




1. #include <stdio.h>




a. <stdio.h> contains info about C’s standard input/output library




b. the info in <stdio.h> has to be included into the program before it’s compiled





c. always begin w/ # character


b. functions: named blocks of executable code



1. library functions vs. programmer-typed functions





a. library functions are in-built functions





b. programmer-typed functions: see chap. 9




2. main is the only mandatory function





a. it’s always a good idea to end main with a return statement such as return 0; 


c. statements: commands to be performed when the program is run




1. function call




a. asking a function to perform its assigned task is known as “calling” the function






1. ex. by calling the printf function, a string displays on the screen





b. each statement must end w/ a semi-colon


2. printing strings



a. printf can be used to display a string literal, i.e. a series of characters enclosed in double quotes – note: when it prints, the quotes are not visible




1. printf does not advance to the next output line automatically; that’s why a new-line character \n must be included in the string

     C. 2.3


1. comments: identifying information, i.e. the program name, date written, author, purpose of program, etc.


a. /* This is a comment. */
     D. 2.4


1. variables



a. data can be stored temporarily in storage locations called variables


b. every variable has a type that specifies what type of data it will hold




1. int, float, char

2. declarations



a. variables must be declared, i.e. described for the benefit of the compiler, before they can be used




1. ex. int height, width, volume; float profit;

3. assignments



a. a variable can be given a value by assignment



1. ex. height = 8; width = 10;


b. note: the variable is always on the left and the expression always on the right




1. variable = expression;


4. printing the value of a variable



a. printf(“Height is equal to: %d\n”, height);


b. placeholders: %d, %f, %c

5. initialization



a. some variable are automatically set to 0 when a program begins to execute, but most aren’t; always a good idea to set it yourself




1. ex. int height=8;




a. 8 is an initializer

6. printing expressions



a. printf(“Volume = %d\n”, height*width*length);

     E. 2.5


1. reading input



a. scanf function: reads an input and stores it into a variable



1. scanf(“%d %f”, &height, &profit);
     F. 2.6


1. defining constants



a. constants are values that don’t change during execution


b. by using macro definition, we name constants like this: 



#define FREEZING_PT 32.0
     G. 2.7


1. identifiers: the names used for variables, functions, etc.



a. must always begin with a letter or _symbol


2. keywords: words that cannot be used as identifiers


a. auto break case char const continue default do double else enum extern float for goto if int long register return short signed sizeof static struct switch typedef union unsigned void volatile while

________________________________________________________________

III. A. 3.1

1. printf function: displays the contents of a string, the format string, w/ values possibly inserted at specified points in the string

2. conversion specifications: %d %e %f %g


a. %m.pX or %-m.pX, where m & p are optional integer constants and X is a letter




1. minimum field width: m specifies the minimum number of characters to print





a. if the value to be printed requires fewer than m characters, the value is right justified w/in the field





b. if the value to be printed requires more than m characters, the field width automatically expands to the necessary size





c. putting a minus sign in front of m causes left justification




2. precision: depends on X, the conversion specifier  





a. %d: displays an integer in decimal (base 10) form






1. p indicates the minimum number of digits to display, adding extra zeros to the beginning if necessary; if p is omitted, it is assumed to have the value 1





b. %e: displays a floating-point number exponential format






1. p indicates how many digits should appear after the decimal point (default is 6); if p is 0, the decimal point is not displayed






c. %f: displays a floating-point number in “fixed decimal” format, w/out an exponent






1. p indicates how many digits should appear after the decimal point (default is 6); if p is 0, the decimal point is not displayed




d. %g: displays a floating-point number in either exponential form or fixed decimal format, depending on the number’s size






1. p indicates the maximum number of significant digits (not the digits after the decimal point) to be displayed






2. %g won’t show trailing 0s and if the value to be printed has no digits after the decimal point, it doesn’t display the decimal point either






3. %g is useful for displaying numbers whose size cannot be predicted when the program is written or that tend to vary in size




3. escape sequence: enable strings to contain characters that would otherwise cause problems for the compiler, including nonprinting (control) characters and characters that have a special meaning to the compiler (such as “)





a. 

	Name
	Escape sequence

	alert (bell)
	\a

	backspace
	\b

	form feed
	\f

	new line
	\n

	carriage return
	\r

	horizontal tab
	\t

	vertical tab
	\v

	backslash
	\\

	question mark
	\?

	single quote
	\’

	double quote
	\”


      B. 3.2


1. scanf function


a. ignores white-space characters: spaces, horizontal & vertical tabs, form-feed, and new-line characters

______________________________________________________________________________

IV. A. 4.2

1. assignment operators


a. several assignments can be chained together, i.e. i = j = k = 0;


b. i = j = k = 0; is the same as i = (j = (k = 0));


2. compound assignment



a. assignments that use the old value of a variable to compute its new value, i.e. j = j + 1; note: j = j + 1; is the same as j += 1;




1. +=, -=, *=, /=, %=


b. i += j += k; is the same as i += (j += k);
      B. 4.3

1. increment (++) & decrement (--) operators



a. prefix operators, i.e. ++j & --j 




1. ex.   j = 1;




  printf(“j is %d\n”, ++j); /* prints “j is 1” */





  printf(“j is %d\n”, j);   /* prints “j is 2” */


b. postfix operators, i.e. j++ & j--



1. ex.   j = 1;
            printf(“j is %d\n”, j++); /* prints “j is 2” */

            printf(“j is %d\n”, j);   /* prints “j is 2” */
      C. 4.4

1. expression evaluation

	Precedence
	Name
	Symbols(s)
	Associativity

	1
	increment (postfix)

decrement (postfix)
	++

--
	left

	2
	increment (prefix)

increment (prefix)

unary plus

unary minus
	++

--

+

-
	right



	3
	multiplicative
	* / %
	left

	4
	additive
	+ -
	left

	5
	assignment
	= *= /= %== += -=
	right




a. 
______________________________________________________________________________

V. A. 5.1

1. relational, equality, & logical operators


a. 
	Symbol
	Meaning

	Relational operators

	<
	less than

	>
	greater than

	<=
	less than or equal to

	>=
	greater than or equal to

	Equality operators

	==
	equal to

	!=
	not equal to

	Logical operators

	!
	logical negation

	&&
	logical and

	||
	logical or




b. note: 0 = false, 1 = true

     B. 5.2


1. selection statements: the if statement



a. the if statement allows a program to choose b/w 2 alternatives by testing the value of an expression


2. compound statements (common in loops): groups several statements into a single statement



a. by putting braces {} around a group of statements, we can force the compiler to treat it as a single statement


3. else clause



a. the else statement is executed if the expression in parentheses has the value 0 or is false


4. conditional expressions: symbols ? and : are used: expr1 ? expr2 : expr3


a. if expr1, then expr2, else expr3




1. expr1 is evaluated; if not 0, expr2 is evaluated and this value is the value of the entire conditional OR:




2. expr1 is evaluated; if 0, expr3 is evaluated and this value is the value of the entire conditional

     C. 5.3

1. selection statements: the switch statement



a. the switch statement allows a program to select a particular execution path from a set of alternatives; see pg. 75 for examples


b. common form: switch ( expression ) {






     case constant-expression : statements
                                         …







     case constant-expression : statements





           default : statements
                                         }



1. controlling expression: the word switch must be followed by an integer expression in parentheses; characters are treated as integers in C and thus can be tested in switch statements; floating-point numbers and strings don’t qualify however




2. case labels: each case begins w/ a label of the form




case constant-expression :




a. constant expressions are expressions that cannot contain variables or function calls, i.e. 5 & 5+10 is a constant expressions, but n+5 is not, unless n is a macro that represents a constant





b. the constant expression in a case label must evaluate to an integer, note: characters are also acceptable





c. duplicate case labels are not allowed





d. order of the cases doesn’t matter, i.e. the default case doesn’t need to come last; note: default is not mandatory




e. only one constant expression may follow the word case, but several case labels may precede the same group of statements






1. ex. switch (grade) {






     case 4: case 3: case 2: case 1:
 




     
printf(“Passing”); break; 






     case 0:







printf(“Failing”); break;






     default: printf(“Illegal grade”); break;







 }
______________________________________________________________________________

VI. A. 6.1

1. iteration statement: the while statement


a. when a while statement is executed, the controlling expression is evaluated first; if it’s value is nonzero (or true), the loop body is executed and the expression is tested again; the process continues in this fashion


2. infinite loops



a. a while statement will not terminate is the controlling expression always has a nonzero value – unless its body contains a statement that transfers control out of the loop, i.e. break, goto, return, or calls a function that causes the program to terminate

      B. 6.2

1. iteration statement: the do statement


a. common form: do statement while ( expression ) ;


b. similar to the while statement, except the controlling expression is tested after each execution of the loop body




1. if the value of the expression is nonzero, the loop body is executed again and then the expression is evaluated once more




2. it terminates when the controlling expression has the value 0 after the loop body has been executed
      C. 6.3

1. iteration statement: the for statement: common form: for ( expr1 ; expr2 ; expr3 ) statement


a. counting up from 0 to n-1:



for ( j = 0; j < n; j++ )…


b. counting up from 1 to n:



for ( j = 1; j <= n; j++ )…


c. counting down from n-1 to 0:



for ( j = n-1; j >= 0; j-- )…


d. counting up from n to 1:



for ( j = n; j > 0; j-- )…


e. the for statement is flexible in that expressions can be omitted if desired



f. the comma operator




1. a for statement can be written w/ 2 (or more) initialization expressions or one that increments several variables each time through the loop by using a comma expression




a. ex. for ( j = n, k = m; j > 0; j--, k++ )
      D. 6.4

1. jump statement: exiting from a loop: the break statement


a. used to jump out of a while, do, or for loop, & switch statements


b. a break statement transfers control out of the innermost enclosing the while, do, or for loop; thus, when these statements are nested, the break statement can escape only one level of nesting


2. jump statement: exiting from a loop: the continue statement



a. the continue statement transfers control to a point just before the end of the loop body; unlike the break statement, control remains inside the loop



b. can only be used in while, do, or for loops


3. jump statement: exiting from a loop: the goto statement



a. common form: goto identifier ;


b. the goto statement is capable of jumping to any statement in a function, provided the statement has a label



1. a label is an identifier placed at the beginning of a statement





a. ex. identifier : statement


c. the goto statement transfers control to the statement that follows the label, which must be in the same function as the goto statement itself



d. see pg. 99 for examples 
      E. 6.5

1. the null statement: a statement that is devoid of symbols except for the semicolon at the end & performs no action


a. ex. j = 0; ; k = 0;


 2. null statements are only used primarily for writing loops whose bodies are empty



a. null statements can be tricky; careful while using them



b. see pg. 102 for examples

______________________________________________________________________________

VII. A. 7.1

1. integer types


a.
	**********************
	16-bit machine
	32-bit machine

	Type
	Smallest value
	Largest value
	Smallest value
	Largest value

	short int
	-32,768
	32,767
	-32,768
	32,767

	unsigned short int
	0
	65,535
	0
	65,535

	int
	-32,768
	32,767
	-2,147,483,648
	2,147,483,647

	unsigned int
	0
	65,535
	0
	4,294,967,295

	long int
	-2,147,483,648
	2,147,483,647
	-2,147,483,648
	2,147,483,647

	unsigned long int
	0
	4,294,967,295
	0
	4,294,967,295


        B. 7.2

1. floating types


a. float: single-precision floating-point




1. scanf(“%f”, &j); 




2. printf(“%f”, j);


b. double: double-precision floating-point




1. scanf(“%lf”, &j);



2. printf(“%e or %f or %g”, j); /*don’t use %lf in printf*/


c. long double: extended-precision floating-point




1. scanf(“%Lf”, &j);



2. printf(“%Lf”, j);
	Type
	Smallest pos. value
	Largest value
	Precision

	float
	1.17 x 10^(-38)
	3.40 x 10^38
	6 digits

	double
	2.22 x 10^(-308)
	1.79 x 10^308
	15 digits




d. 

        C. 7.3

1. character types: char


a. can be assigned any character that the comp. can represent



1. i.e. ‘a’ ≠ ‘A’ ≠ ‘0’ ≠ ‘ ’



2. note: character constants are enclosed in single quotes – not double quotes



b. C treats characters as integers




1. ex. ‘A’ is interchangeable w/ 65


c. escape sequences (for list, see sect. 3.2)



d. reading & writing characters




1. scanf(“%c”, &char);




a. note: scanf will not skip white space before reading a character; to force scanf to skip white space, put a space in its format string like so:












scanf(“ %c”, &char);



2. printf(“%c”, char);


e. reading & writing characters cont.



1. in place of scanf, use getchar




a. each time getchar is called, it reads one character which it returns; therefore, you must store the character in a variable






1. ex. char = getchar(); 



2. in place of printf, use putchar




a. putchar(char); /*this prints the single character*/




3. note: like scanf, getchar will not skip white space before reading a character
        D. 7.4


1. the sizeof operator: allows a program to determine how much memory is required to store values of a particular type



a. form: sizeof ( type-name ) 

        E. 7.5


1. the usual arithmetic conversions, see pg. 125

2. casting: controlled, specific type conversions



a. form: ( type-name ) expression



1. ex. float f, g;




    g = f – (int) f;
        F. 7.6


1. type definitions, see pg. 129

______________________________________________________________________________

VIII. A. 8.1

1. 1-D arrays: see examples on pg. 142


a. array: a data structure containing a number of data values, all of which have the same type



b. to declare an array, you need to specify the type of the array’s elements and the number of elements




1. ex. to say a has 10 integer elements, you would write: int a[10]; 



c. array subscripting/indexing



1. to access a particular element of array, you would write the array name followed by an integer value in brackets



d. arrays are always numbered starting from 0




1. Thus, an array of length n are indexed from 0 to n-1


e. typical operations on an array a of length N:




1. clears a




a. for (j = 0; j < N; j++) { a[j] = 0; }



2. reads data into a




a. for (j = 0; j < N; j++) { scanf(“%d”, &a[j]; }



3. sums the elements of a




a. for (j = 0; j < N; j++) { sum += a[j]; }


f. array initialization



1. most common array initializer: int a[5] = {1, 2, 3, 4, 5};  



2. if the initializer is shorter than the array, the remaining elements of the array are given the value 0




3. Thus: int a[5] = {0}; ( // initial value of a is {0, 0, 0, 0, 0}



4. note: it is illegal for an initializer to be empty, hence the {0}




5. note: it is also illegal for an initializer to be longer than the array




6. if an initializer is present, stating the length is not necessary





a. a[] = {1, 2, 3, 4, 5};


g. the sizeof operator



1. can determine the size of an array (in bytes)




2. to measure the size of an array element:











sizeof(a)/sizeof(a[0]);




a. it is better to: #define SIZE (sizeof(a)/sizeof(a[0]))
         B. 8.2

1. multi-D arrays: an array may have any number of dimensions

	0     1      2      3     4      5

	 0

1

2

3


	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	




a. common form: int m[4][6]; 



b. initializing multi-D array




1. int m[4][6] = {{1, 2, 3, 4, 5, 6}, {1, 2, 3, 4, 5, 6}, {1, 2, 3, 4, 5, 6}, {1, 2, 3, 4, 5, 6}};



2. just like w/ 1-D arrays, if an initializer isn’t large enough to fill a multi-D array, the remaining elements are given the value 0.





a. if an inner list isn’t long enough to fill a row, the remaining elements in the row are initialized to 0




3. note: the interior {} are not necessary as once the compiler has seen enough values to fill one row, it begins filling the next (tricky!)



c. constant arrays: this array should not be modified by the program




1. const int a[] = {1, 2, 3, 4, 5};




a. note: const can also be used for variables
______________________________________________________________________________

IX. A. 9.1 

1. defining & calling functions: see examples on pg. 156


a. ex. float average(float a, float b)



   {





return (a+b)/2;




  }



1. the word float at the beginning is average’s return type: the type of data that the function returns each time it is called




2. a & b are identifiers, or the function’s parameters, that represent the 2 numbers that will be supplied when average is called





a. note: each parameter must have a type



3. every function has an executable part called the body which is enclosed in {}



4. to call a function, you write the function name, followed by a list of arguments:
         
    average(x, y) or average(5.3, 6.2) or average(x/2, y/3) etc.



5. note: the return value is not stored anywhere, if you want to store it, assign it to a variable like so: avg =  average(x, y);




6. note: not every function returns a value





a. for ex., a function whose job is to produce output may not need to return anything





b. to indicate a function has no return value, specify the return type to be void



7. function defns.





a. common form: return-type function-name ( parameters )






                {

                                                     declarations








     statements








    }




b. the “return type”






1. functions may not return arrays, but there are no restrictions on the return type






2. if the return type is omitted, the function is presumed to return a value of type int





3. void indicates that the function doesn’t return a value







a. if the function has no parameters, void should appear b/w the ()



8. function calls





a. a call of a void function is a statement; it’s always followed by a semi-colon





b. a call of a non-void function is an expression; it produces a value that can be stored someway or another
      B. 9.2

1. function declarations


a. how to declare a function before calling it? put the following function prototype before main ()



1. return-type function-name ( parameters );




a. note: it’s not necessary to specify the names of the function’s parameters here
      C. 9.3

1. arguments: see book

2. array arguments: see pg. 167

      D. 9.4


1. return statement ( form: return expression ;


a. a non-void function must use a return statement to specify what value it’ll return



b. if the type of the expression in a return statement doesn’t match the function’s return type, the expression will be implicitly converted to the return type




1. ex. if a function is declared to return an int, but the return statement contains a float expression, the value of the expression is converted to int



2. return statements may appear in void functions provided that there is no expression after it 
      E. 9.5


1. program termination: the exit function (note: belongs to <stdlib.h>)


a. to indicate a normal termination, exit(0);  or  exit(EXIT_SUCCESS); is used



b. exit(EXIT_FAILURE); results in abnormal termination



c. EXIT_SUCCESS = 0 & EXIT_FAILURE = 1


d. in main, return expression = exit ( expression )


e. exit can be called from any function, not just main, whereas return cannot (to terminate the program)

      F. 9.6


1. recursive functions: a function that calls itself (for examples, see pg. 172)
______________________________________________________________________________

X. A. 10.1

1. local variables: a variable declared in the body of a function is local to the function


a. automatic storage duration: the storage duration, or extent, of a variable is the portion of program execution during which storage for the variable exists




1. a local variable does not retain its value when its enclosing function returns, i.e. when the function is called again, there’s no guarantee that the variable will still hold its old value



b. block scope: the scope of a variable is the portion of the program text in which the variable can be referenced; having block scope means the local variable is visible from its point of declaration to the end of the enclosing function body




1. b/c the scope of a local variable doesn’t extend beyond the function to which it belongs, other functions can use the same name for whatever purpose needed



c. static storage duration: a variable w/ static storage duration has a permanent storage location, thus it retains its value throughout the execution of the program




1. ex. static int i;




a. when the function returns, i never loses it’s value
     B. 10.2

1. external variables: variables that are declared outside the body of any function



a. static storage duration: external variables have static storage duration just like local variables



b. file scope: an external variable is visible from its point of declaration to the end of the enclosing file; therefore, an external variable can be accessed by all functions that follow its declaration


2. note: pros & cons of external variables



a. if you change an external variable during program modification, you need to check every function in the same file to see how the change affects it



b. if an external variable is assigned an incorrect value, it can be difficult to identify the guilty function



c. functions that rely on external variables are hard to reuse in other programs        
     C. 10.3

1. block: the body of a function
     D. 10.4

1. scope: when a declaration inside a block names an identifier that’s already visible, the new declaration temporarily “hides” the old one, and the identifier takes on new meaning; however, at the end of the block, the identifier regains its old meaning
     E. 10.5

1. organizing C programs: see book
______________________________________________________________________________

XI. A. 11.1

1. pointer variables


a. note: main memory in divided into bytes, w/ each byte capable of storing 8 bits of info.




1. a machine w/ 16 megabytes of main memory has 16,777,216 bytes




2. each byte has a unique address in memory





a. if there are n bytes in memory, we think of the addresses as numbers that range from 0 to n-1 




3. each variable in a program occupies 1 or more bytes of memory & the address of the first byte is said to be the address of the variable


2. a pointer is an address, & a pointer variable is a variable that stores that address


3. declaring pointer variables



a. int i, *p; /* p is a pointer that points to int objects */

      B. 11.2


1. the address operator “&”


a. note: declaring a pointer variable sets aside space for a pointer but doesn’t really make it point to anywhere



b. it is important to initialize the pointer before we use it




1. p = &i; /* now, p points to i */





a. note: the value of i is not affected    


2. the indirection operator “*”



a. * is used to access the contents of the object that the pointer is pointing to



b. ex. printf(“%d\n”, *p) /* this prints value of i, not the address */


c. note: j = *&i; /* same as j = i */


d. *p is an alias for i, so if you change *p, you are also changing i

      C. 11.3


1. pointer assignment


a. provided pointers has the same type, you can copy them in C



b. ex. p = &j; 


       p = q; /* now, p & q both point to j */


c. so now, you can change j by assigning a new value to either *p or *q 
      D. 11.4


1. pointers as arguments: see book

2. you can use const to protect arguments

      E. 11.5


1. pointers as return values: see book
______________________________________________________________________________

XII. A. 12.1


1. pointer arithmetic


a. pointers can point to array elements also


b. ex. int a[10], *p;
         p = &a[0]; /* p now points to the address of a[0] */




1. so now, you can access a[0] through p




a. ex. *p = 5; /* is the same as a[0] = 5 */


2. adding an integer to a pointer



a. ex. if p points to a[k], then p+j points to a[k+j], provided that a[k+j] exists

3. subtracting an integer from a pointer



a. ex. if p points to a[k], then p-j points to a[k-j], provided that a[k-j] exists


4. subtracting pointers



a. ex. if p points to a[k]& q points to a[m], then p-q is equal to k-m



b. note: subtracting pointers is only meaningful when both pointers point to elements of the same array

5. you can compare pointers by using the relational/equality operators we’ve seen thus far
        B. 12.2


1. using pointers for array processing


a. this program sums the elements of an array:


#define N 10



int a[N], sum=0, *p;



for (p = &a[0]; p < &a[N]; p++) {




sum += *p;



}



b. alternative method:



p = &a[0];



while (p < &a[N]) sum += *p++;

2. combining * & ++/-- operators



a. note: the postfix version of ++ takes precedence over *



b. ex. a[k++] = j; /* this stores a value into an array element, then advances to the next element */



1. using pointers, the following does the same: *p++ = j; 





a. the compiler would see it as: *(p++) = j;


c. 
	Expression
	Meaning

	*p++ or *(p++)
	Value of expression is *p before increment; increment p later

	(*p)++
	Value of expression is *p before increment; increment *p later

	*++p or *(++p)
	Increment p first; value of expression is *p after increment

	++*p or ++(*p)
	Increment *p first; value of expression is *p after increment


        C. 12.3


1. using an array name as a pointer


a. note: the name of an array can be used as a pointer to the first element in the array




1. ex. int a[10];





*a = 7; /* stores 7 in a[0] */





*(a+1) = 12; /* stores 12 in a[1] */



b. note: a+j is the same as &a[j] & *(a+j) is the same as a[j]  




1. this:





for (p = &a[0]; p < &a[N]; p++) sum += *p;



2. is the same as:





for (p = a; p < a + N; p++) sum += *p;
        D. 12.4

1. pointers & multidimensional arrays



a. processing the elements of a multidimensional array




1. ex. this program replaces every element with a 0





int row, col;





for (row = 0; row < NUM_ROWS; row++)






for (col = 0; col < NUM_COLS; col++)







a[row][col] = 0; 



2. it can also be written as, but the one above is better!:





int *p;





for (p = &a[0][0]; p <= &a[NUM_ROWS-1][NUM_COLS-1]; p++) *p = 0;



b. processing the rows of a multidimensional array




1. to process just one row of a multidimensional array:





p = &a[i][0]; or p = a[i];




2. recall: &a[i][0] is the same as &(*(a[i]+0)), which is the same as &*a[i], which is the same as a[i]

______________________________________________________________________________
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