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EXAM #3 
Monday, November 26, 2007 

SOLUTIONS 
 
 
 
Questions 
 
1.  (6) 
A function named f returns a value of type pointer to a char.  f has a variable number of input 
parameters.  The first input parameter is of type float, and the second is of type int.  By convention, 
when f is called the last parameter should have the value 0.  Show the function prototype for f.  [You 
do not need to show the code for f.] 
Solution: 
char * f(float , int , …); 
 
 
2. (12) 
A struct type has the following members: 

• r, a pointer to a char 
• s, an int 
• t, a double 
• u, an array of 3 structs, each with members 

o v, an int 
o w, an int 

(a) Show the declaration of a variable named x of this type, including the definition of the struct. 
Solution: 
struct { 
  char * r; 
  int s; 
  double t; 
  struct { 
    int v; 
    int w; 
  } u[3]; 
} x; 
 
(c) Show the code to print the values in the array u of variable x. 
Solution: 
for (int i = 0; i < 3; i++) 
  (void) printf(“%d %d\n”, x.u[i].v, x.u[i].w); 
 
 
3. (8) 
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A function named r() has no input parameters.  r prompts the user to input the size (type int), the 
name of the city (array of 50 characters, null terminated), and price (type int) of a house.  These are 
returned in a struct.  Show the code for r().Your function should not reference any global 
variables. 
[Note: Your code does not need to show how the user is prompted, or how the input values are read in; 
just write "...code goes here to prompt user and read values..." for that part of 
the function. ]  
Solution: 
struct mystruct { 
  int size; 
  char city[50]; 
  int price; 
}; 
 
struct mystruct r() 
{ 
    struct mystruct x; 
    …code goes here to prompt user and read values… 
   return x; 
} 
 
 
4. (8) 
Show how to dynamically allocate a pointer to a pointer to a double, and assign the result to a variable 
p.  Show the declaration of p as well.  [Note: You do not need to do any error checking.] 
Solution: 
double **p = (double **) malloc(sizeof(double *)); 
 
 
5. (12)  
A function b with no input parameters or return result reads in an unknown (unbounded) number of 
space-separated integer values from the standard input using scanf.  When the last integer value has 
been read in (indicated by EOF), b prints them all out again (using printf), in the reverse of the order 
they were read in.  The values of the integers are not used again after they are printed.  Show the code to 
read and write these integers, including any variables that have to be defined. 
Solution: 
void b() 
{ 
    int d; 
    struct s { 
        int d; 
        struct s *prev; 
    }; 
    struct s * last = NULL; 
   struct s * new; 
 
    while (scanf(“%d”, &d) > 0) { 
        new = (struct s *) malloc(sizeof(struct s)); 
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        new->prev = last; 
        last = new; 
    } 
 
    while ((new = last) != NULL) { 
        printf(“%d\n”, new->d); 
        new = new->prev; 
    } 
} 
 
 
6. (8) 
(a) Define an enum type named pets with possible values mammal, bird, and reptile, and an 
instance of this enum named mypet. 
Solution: 
enum pets {mammal, bird, reptile} mypet; 
 
 
 (c) Show the code to print "Polly\n" if mypet is a bird. 
Solution: 
if (mypet == bird) 
    (void) printf(“Polly\n”); 
 
 
7. (8) 
Show the definition of variable a which can either hold a value of type double, or a value of type 
unsigned int.  Also define some way that the type of the value stored in a can be determined at any 
time during execution. 
Solution: 
union a{ 
    double ad; 
    unsigned int aui; 
}; 
_Boolean aisdouble;  /* TRUE if a is double, else FALSE */ 
 
 
8. (8) 
An archive named libq.a has been created using the ar command.  You have written a program 
module named p.c (in the same directory as libq.a) which contains a reference to a function q, of 
type float, with two input parameters, each of type int. 
(a) Show the function prototype of q in module p.c 
Solution: 
extern float q(int , int ); 
 
(b) Show how to compile p.c using gcc to create an executable named p 
Solution: 
gcc –Wall –std=c99 p.c –L. –lq –o p 
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9. (10) 
(a) Show the code to open a binary file named "/tmp/stuff.txt" for reading.  This file consists of 
a bunch of double-precision floating point numbers.  [Note: you do not need to check for errors.] 
Solution: 
FILE *myfile = fopen(“/tmp/stuff.txt”, “rb”); 
 
 
(b) Show the code to read the *l ast* double-precision number in the file into a variable named d.  Make 
your code as efficient as possible. 
Solution: 
(void) fseek(myfile, -4, SEEK_END); 
(void) fread(&d, sizeof(d), 1, myfile); 
 
 
10. (9) 
What standard library function is used to accomplish the following: 
(a) convert a lower case character into an upper case character 
Solution: 
toupper() 
 
(c) pushes the last read character back onto an input stream (so that it will be read from the stream again) 
Solution: 
ungetc() 
 
(d) returns a random integer between 0 and RAND_MAX 
Solution: 
either srand() or rand() 
 
 
11. (10) 
Show how to optimize the code below, and explain in a sentence or two why your version should be 
faster.  All variables are of type int. 
for (i = 0; i < MAXI; i++) 
    for (j = 0; j < MAXJ; j++) 
        b[j] += a[i][j] * x[MAXJ - j - 1] * 2; 
Solution: 
 
int xmj2, inctot; 
for (j = 0; i < MAXJ; j++) { 
    xmj2 = x[MAXJ – j – 1]; 
    inc = 0; 
    for (i = 0; i < MAXI; i++) 
        inctot += a[i][j] * xmj2; 
    b[j] += inctot << 1; 
} 
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Switched loops so that b[j] updated only one time, for each value of j. 
Multiplied each increment total by 2 only one time, instead of i times, for each b[j] . 
Replaced multiply by 2 by left shift by 1. 
Replaced reference to x[MAXJ – j – 1] i times by one reference to x[MAXJ – j – 1], for 
each value of j. 
Any 3 reasonable optimizations, even ones not identified above, gets full credit. 
 
Extra Credit: 
12. (8) 
The function main() calls readem() (which reads some input records), then calls sortem() 
(which sorts the records), and then calls printem (which outputs the sorted records).  When this 
program is executed, the output appears to be sorted, but one or two of the input records are missing 
from the output. 
Show the first five or six steps, using gdb commands, you would use to figure out where things are 
going wrong in this program.  The records before sorting are stored in an array (global variable) named 
r, and after sorting are stored in an array (global variable) named s.   Example of a step: 
 l 1,50 - list first 50 lines of program, look for line that ... 
 
Solution: 
 
After executing Ògdb progÓ, I would set some break points at the call to each function.  So, list the 
program lines to find those line numbers, and set those breakpoints (assume they are on lines 20, 25, 
and 30 below): 
 
l 1,50 
b 20 
b 25 
b 30 
 
Then I would run the program and examine the state of the array before and after each function call: 
 
run <infile.txt  - will stop just before executing readem() 
p r Ð view the input array just before reading values 
n Ð step over execution of readem 
p r Ð view the input array after values read in 
n Ð step over sortem() 
p s Ð view the sorted array before printing 
n Ð step over printem() 
p s Ð view sorted array after printing 
 
Just doing this much will tell you which routine is going bad, and then you can focus attention on 
debugging that routine. 
 


