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[1 mark] 
1. Write the header file, boolean.h, that defines a new datatype called boolean, equivalent to the int type, along with two macro directives that define the name false with zero (0), and true with one (1).

Provide the directives in the file to ensure that if included more than once, redeclaration errors do not occur. 
/* file: boolean.h */

#ifndef BOOLEAN_H

#define BOOLEAN_H

typedef int boolean;   // create new type

#define true 1         // TRUE is defined by 1

#define false 0        // FALSE is defined by 0

#endif

/* end of: boolean.h */

[2 marks]

2. Write a complete program that reads each character from an input text file and displays the content to the console.  As it reads each character, it shows each space character as a newline.
(ASCII:  space (' ') – 32, newline ('\n') – 12)
#include <stdio.h>

int main (void)

{

    FILE *infile;        // input file

    char  filename[40];  // file name

    char  inchar;        // input character

    //--------------------------------------------------------------

    printf ("Please enter file to read and display: ");

    scanf("%s",filename);

    infile = fopen (filename,"r");    // open as read

    while ( !feof(infile) )    // if not at the end of input file

    {

        inchar = getc(infile);     // read next character from file
        if ( inchar == ' ')        // or, inchar==32; if character is a space

           inchar = '\n';               // or, inchar=12; change to newline

        putchar (inchar);          // or putc(inchar,stdout); display char to console
    }
    fclose(infile);
}
[2 marks]

3. A "palindrome" is any sequence of characters that is the same whether presented forwards or backwards.

Write the function charBitPal() that determines if its char parameter represents a palindrome in its bit pattern; returning a boolean.  The function returns true if the parameter is a palindrome; false otherwise.

for example:  '7' (00110111) – is not a palindrome; 'B' (01000010) – is a palindrome

// charBitPal() - checks if charpal is a bit-wise palindrome

boolean charBitPal (char charpal)

{

    boolean ispal = true;      // flag for "is palindrome?"; default to true

    unsigned int maskL = 128,  // mask starting from Left : bit 7=1

                 maskR = 1;    // mask starting from Right: bit 0=1

    unsigned int workL, workR; // results of applying maskL and maskR to charpal

    int k=0;                   // bit control for left mask
    //---------------------------------------------------------------------
     // loop for half a char, and while still a pal

    for (k=7; (k>=3) && (ispal==true); k=k-2)   // k=k-2 accommodates right <<   

    {

        workL = charpal & maskL;     // get "left-side" bit from charpal

        workL = workL >> k;          // shift bit right to match bit from maskR

        workR = charpal & maskR;     // get "right-side" bit from charpal

        if (workL != workR )          // if bits don't match...

           ispal = false;             //  set to "not a palindrome"

        maskL = maskL >> 1;          // shift Left mask to right by 1

        maskR = maskR << 1;          // shift Right mask to left by 1

    }

    return (ispal);               // return status of palindrome

}// end of charBitPal()
[2 marks]

4. Write a function getExp() that returns the integer (2's comp) exponent value from an FP float parameter.

A float is 4-bytes, and the data type is stored in memory as, (msb-bit 31, lsb-bit 0, and sign-bit at msb),

     [sign ] [exponent] [significand]

     [1 bit] [ 8 bits ] [ 23 bits   ]

int getExp (float f)   // uses the "hammer" approach to knock off sign and mantissa bits

{

    unsigned int *t = (int*)&f;    // get address of floating-point number
    *t = *t << 1;   // shift to left by 1  (knock off sign)
    *t = *t >> 24;  // shift to right by 24 (knock off mantissa, and place int right place)
    return (*t);

}

int getExp (float f)   // uses the "mask" approach to extract the Exp bits
{

    unsigned int *t = (int*)&f;       // get address of floating-point number
    unsigned int mask = 2139095040;   // mask for only Exp bits active

    int retval = (*t) & mask;         // turn on only Exp bits to retval

    retval = retval >> 23;     // move bits to right place for the int
    return (retval);

}

[3 marks]

5. Use all your knowledge of data representation to write a function byteRotate() that returns an int and has a single int parameter.

The "rotation" involves the complete 4 bytes that make up the integer, rotating them rightward,

original integer:
[byteA][byteB][byteC][byteD]   rotate (
rotated integer:
[byteD][byteA][byteB][byteC]
(Hint: "bit-fiddling" is not the only approach that can be used to solve this problem.)

3 Solutions are presented:  bit-fiddling, a "union" structure, and "pointer manipulation"
// using a "bit-fiddling" approach

int byteRotate2 (int val)

{     // masks for specific bytes (based on Motorola, reverse for Intel)
    unsigned int mA = 4278190080,

                 mB = 16711680,

                 mC = 65280,

                 mD = 255;

    unsigned int rA = mA & val;    // get byteA 

    rA = rA >> 8;    // shift 8 bits right

    unsigned int rB = mB & val;    // get byteB 

    rB = rB >> 8;    // shift 8 bits right

    unsigned int rC = mC & val;    // get byteC 

    rC = rC >> 8;    // shift 8 bits right

    unsigned int rD = mD & val;    // get byteD 

    rD = rD << 24;   // shift 24 bits left

    return (rA | rB | rC | rD);  // shove them together (or) and return

}

// using a "union" structure method

typedef union

{

    int   i;

    char  c[4];

} mergeType;

int byteRotate3 (int val)

{

    mergeType m;    // merge type to overlap int with char array

    char temp;      // temporary char for moving

    m.i = val;      // store int as well as assign char array

    temp = m.c[3];       // store last byteD

    m.c[3] = m.c[2];     // move byteC to byteD

    m.c[2] = m.c[1];     // move byteB to byteC

    m.c[1] = m.c[0];     // move byteB to byteA

    m.c[0] = temp;       // move stored byteD to byteA

    return (m.i);    // return integer   

}    

// using a "pointer" method

int byteRotate1 (int val)

{

    // [byteA][byteB][byteC][byteD]

    char *ch = (char*)&val;       // store address of int

    char temp = *(ch+3);   // store byteD

    *(ch+3) = *(ch+2);     // move byteC to byteD

    *(ch+2) = *(ch+1);     // move byteB to byteC

    *(ch+1) = *ch;         // move byteA to ByteB

    *ch = temp;            // move stored byteD to byteA

    int *retint = (int*)(ch);  // move back to int

    return (*retint);

}

[4 marks]

6. Consider the main() function below.
Write the following functions for the file coder.c that read and write to text files,

· floatEncode() – returns nothing, and has two FILE* parameters for input and output;
purpose: reads all float values from a text file, writes each value's represented 4 chars to output file
· floatDecode() – returns nothing, and has two FILE* parameters for input and output;
purpose: reads each set of 4 characters from a text, writes the represented floats to output file
[Hint: Although not necessary, to make the program easier to write and more understandable, you may create useful new datatypes: a structure and a union, allowing for: a 4-byte float ( 4 characters.]
int main()
{

   char inName[40], outName[40];

   FILE *in, *out;     // file parameters

     // encode floats to chars

   printf ("Name of input file with floats and output file for chars: ");

     scanf ("%s %s",inName,outName);

   // ... open in and out to respective files
   floatEncode (in,out);
   // ... close in and out

     // decode chars to floats

   printf ("Name of input file with chars and output file for floats: ");

     scanf ("%s %s",inName,outName);

   // ... open in and out to respective files
   floatDecode (in,out);
   // ... close in and out

}
typedef union

{

    float  f;

    char   c[4];

} CodeType;

void floatEncode (FILE *in, FILE *out)

{

    CodeType x;      // code type to perform exchange

    while ( !feof(in) )    // loop while not eof

    {

        fscanf(in, "%f", &(x.f));    // obtain floating-point number

        putc (x.c[0],out);     // output 4 characters

        putc (x.c[1],out);    

        putc (x.c[2],out);

        putc (x.c[3],out);

    }

}

void floatDecode (FILE *in, FILE *out)

{

    CodeType x;      // code type to perform exchange

    while ( !feof(in) )    // loop while not eof

    {

        x.c[0] = getc(in);     // get 4 characters

        x.c[1] = getc(in);

        x.c[2] = getc(in);

        x.c[3] = getc(in);

        fprintf(out,"%f ",x.f);  // output floating-point and space

    }

}

