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® Debugging

® Recursion

Today




Debugging




All Software Has Bugs

® Unavoidable

® Techniques to help avoid them, and to help find them

Everyone knows that debugging is twice as hard as writing
a program in the first place. So if you're as clever as you
can be when you write it, how will you ever debug it?

Brian Kernighan
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Photo # NH 96566-KN (Color) First Computer “Bug™, 1947

Grace Hopper’s Lab Notebook
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Types of Bugs

® Code that does not do what it’s supposed to

® Code that does what it’s supposed to, but that
isn’t the right thing to do

® May be a bug in the design




Diagnosing Bugs
® Need to be precise

My program doesn’t work.

My program crashes.
My program crashes with a Segmentation Fault.

My program crashes with a Segmentation Fault
when given the input 1.

My program crashes with a Segmentation Fault
on line 128 when given the input 1.

My program crashes with a Segmentation Fault on line 128 when

given the input 1 because I’'m never storing a pointer in first.
7




Fixing Them

® |n order to fix a bug, you have to find it

® Finding it is usually the hard part




Diagnosing Bugs

® Manual printf() statements

® Debugger




Knowing Where You Crashed

® Often that’s enough
® A debugger will tell you which line

® Need to compile with -g flag (gcc -Wall -g..)

$ gdb square
(gdb) run

Reason: KERN INVALID ADDRESS at address: 9x0000000000000000
Ox0000000100000eab in square (n=38745) at square.c:9
9 *p = n;

N Crash is on this line




printf()

® Add in printf() statements to tell you what’s going on

int createHistogramRow(char row[], char symbol,
int value, int maxValue, int maxRowLength)

{
double percentage = (double)value / maxValue;

int numSymbols = rint(percentage * maxRowLength);

printf("Drawing %d out of %d as %d symbols. \n",
value, maxValue, numSymbols);




#define DEBUGGING false

if (DEBUGGING)

{
printf("Printing row %d. \n", 1);

}




Debugger

® “Breakpoints” let you stop your program at a specific line
® Allows you to step through your code
® Step Over (go to the next line, skipping function calls)
® Step Into (go to the next line, entering function calls)
® Step Out (go back to the caller)

® Displays values of variables

e gdb is gcc’s debugger, they're also built-in to IDEs




The first 90% of the code accounts for the
first 90% of the development time.

The remaining 10% of the code accounts for
the other 907% of the development time.

Tom Cargill




Recursion

In order to understand recursion,
you must first understand recursion.

Anonymous




Recursion

® A problem defined in terms of itself




If | need to put away a pile of books:

Put away the first book
Put away the remaining pile

If | need to climb a flight of stairs:

Climb one stair

Climb the remaining flight of stairs

If | need to calculate n!
Multiply n * (n - 1)
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Recursion

® A problem defined in terms of itself

® No more (or less) powerful than loops (iteration)

20




If | need to put away a pile of books:

Put away the first book Put away the books

Put away the remaining pile one at a time

If | need to climb a flight of stairs:

Climb one stair Climb the stairs

Climb the remaining flight of stairs one at a time

If | need to calculate n!
Multiplyn * (n - 1)] Start at 1 and multiply it
by each number up to n

21




If | need to put away a pile of books:

Put away the first book
Put away the remaining pile

If | need to climb a flight of stairs:

Climb one stair

Climb the remaining flight of stairs

If | need to calculate n!
Multiplyn * (n - 1)]

22




If | need to put away a pile of books:

Put away the first book What happens when

Put away the remaining pile I run out of books?

If | need to climb a flight of stairs:
What happens when

| get to the top!?
Climb the remaining flight of stairs

Climb one stair

If | need to calculate n!
Multiplyn * (n - 1)] When do | stop?

22




Recursion

® A problem defined in terms of itself
® No more (or less) powerful than loops (iteration)

® All recursive problems must have a “base case”,
which is a trivial version of the problem

23




If | need to put away a pile of books:

Otherwise
If there are no more Put away the first book
books, we're done Put away the remaining pile

If | need to climb a flight of stairs:

Otherwise
If we’re at the Climb one stair
top, we're done Climb the remaining flight of stairs

If | need to calculate n'!
Otherwise
If nis 1, Multiply n * (n - 1)!
nlis1

24




Recursion and Programming

® A recursive function is a function that calls itself
® That’s it!

® Provides another way to iterate

® No more (or less) powerful than loops

® Similar to for loops vs.while loops

® Why bother? Makes some algorithms simpler

25




Factorial
n! isn * (n-1) * (n - 2) * ... * 2 * 1

int factoriallterative(int n)

{

int result = 1;
for (int 1 = 1; i <= n; i++)
{
result *= 1;
}

return result;

26




Factorial

n! isn * (n-1) * (n - 2) * ... * 2 * 1
—di

(n - 1)!
—_—
(n - 2)!

n!l isn * (n - 1)!
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Factorial

n! isn * (n - 1)!

int factorialRecursive(int n)

{
int result;

result = n * factorialRecursive(n - 1);

return result;

}

28




Factorial

n! isn * (n -1)! ifn > 1

n! is 1 if n == 1

int factorialRecursive(int n)

{
int result;

result = n * factorialRecursive(n - 1);

return result;

}

28




int factorialRecursive(int n)

{

int result;

if (n == 1)
{
result = 1;
}
result = n * factorialRecursive(n - 1);

return result;

29




int factorialRecursive(int n)

{

int result;

if (n == 1)
{
result = 1;
}
else
{
result = n * factorialRecursive(n - 1);

}

return result;

30




Recursive Structure

® Steps for writing a recursive algorithm:
® Figure out the recursive structure of the problem

® Must be able to break the problem into two parts

® Each must be either trivial or a smaller version of
the same problem

® Figure out the trivial base case(s)

® Convert pseudocode to C

31




Fibonacci
F(n) = F(n-1) + F(n-2)

F(B) = @, F(1) =1

o, 1, 1, 2, 3, 5, 8, 13, 21,
34, 55, 89, 144, 233, 377, 610,
987, 1597, 2584, 4181,

32




int fibonacciIterative(int n)

{
int fib n = 1; // fibglg
int fib nMinusl = @; // fib(o

for (int 1 = 2; i <= n; i++)

{
int nextTerm = fib n + fib nMinusl;
fib_nMinusl = fib n;

) fib_n = nextTerm;

- 1t %) 1 2 3 4

int result; T T T

if (n == 0) n-1 n next

{ result = fib_nMinusl;

¥

?lse

) result = fib_n;

return result;




int fibonacciIterative(int n)

{
int fib n = 1; // fibglg
int fib nMinusl = @; // fib(o

for (int 1 = 2; i <= n; i++)

{
int nextTerm = fib n + fib nMinusl;
fib_nMinusl = fib n;
) fib_n = nextTerm;
%) 1 2 3 4
int result; T T
%f (n == 0) n next
result = fib_nMinusl; T
} n-1
?lse
) result = fib_n;

return result;




int fibonacciIterative(int n)

{
int fib n = 1; // fibglg
int fib nMinusl = @; // fib(o

for (int 1 = 2; i <= n; i++)

{
int nextTerm = fib n + fib nMinusl;
fib_nMinusl = fib n;
) fib_n = nextTerm;
%) 1 2 3 4
int result; T
%f (n == 0) next
result = fib_nMinusl; T T
} n-1 n
?lse
) result = fib_n;

return result;




int fibonacciIterative(int n)

{
int fib n = 1; // fibglg
int fib nMinusl = @; // fib(o

for (int 1 = 2; i <= n; i++)

{
int nextTerm = fib n + fib nMinusl;
fib_nMinusl = fib n;
) fib_n = nextTerm;
%) 1 2 3
int result; T T
%f (n == 0) n-1 n
result = fib_nMinusl;
¥
?lse
) result = fib n;

return result;
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int fibonacciIterative(int n)

{
int fib n = 1; // fibglg
int fib nMinusl = @; // fib(o

for (int 1 = 2; i <= n; i++)

{
int nextTerm = fib n + fib nMinusl;
fib_nMinusl = fib n;
) fib_n = nextTerm;
%) 1 2 3
int result; T T T
%f (n == 0) n-1 n ne
result = fib_nMinusl;
¥
?lse
) result = fib_n;

return result;




int fibonacciIterative(int n)

{
int fib n = 1; // fibg
int fib nMinusl = @; // fib

for (int 1 = 2; i <= n; i++)

{

03

int nextTerm = fib n + fib nMinusl;

fib_nMinusl = fib n;
fib_n = nextTerm;

}
%)

int result;
%f (n == Q)

result = fib_nMinusl;
¥
?lse
) result = fib n;

return result;

N

| => S5—> N
D —> W
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int fibonacciIterative(int n)

{
int fib n = 1; // fibg
int fib nMinusl = @; // fib

for (int 1 = 2; i <= n; i++)

{

03

int nextTerm = fib n + fib nMinusl;

fib_nMinusl = fib n;
fib_n = nextTerm;

}
%)

int result;
%f (n == Q)

result = fib_nMinusl;
¥
?lse
) result = fib n;

return result;
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int fibonacciIterative(int n)

{
int fib n = 1; // fibg
int fib nMinusl = @; // fib

for (int 1 = 2; i <= n; i++)

{

int nextTerm = fib n + fib nMinusl;

fib_nMinusl = fib n;
fib_n = nextTerm;

}
%)

int result;
%f (n == Q)

result = fib_nMinusl;
¥
?lse
) result = fib n;

return result;

03

I = N
o YY)
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int fibonacciRecursive(int n)

{

int result;
if (n == 0)
result = 9;

else if (n == 1)

{

result = 1;
}
else
{ . . .

result = fibonacciRecursive(n - 1)

+ fibonacciRecursive(n - 2);

}

return result;

34




int fibonaccilterative(int n)

{
int fib n = 1; // fib(1)
int fib nMinusl = @; // fib(0)

for (int 1 = 2; i <= n; i++)

{
int nextTerm = fib_n + fib_nMinusil;
fib_nMinusl = fib_n; : : : :
fib_n = nextTerm; int fibRecursive(int n)
} .
int result;
int result;
if (n == 0)
if (n == 0)
result = 0;
result = fib_nMinusi; }
} else if (n == 1)
else
result = 1;
result = fib n; }
} else
return result; result = fibRecursive(n - 1)
} + fibRecursive(n - 2);
}
return result;
} 35




Tracing Functions

® A key to understanding recursion is tracing the function calls

int factorialRecursive(int n)

{
int result;
if (n == 1)
{
result = 1;
}
else
{
result = n * factorialRecursive(n - 1);
}

return result;

36




int facRecursive(int n)

{

int result;
if (n == 1)

result = 1;

}

else

{

result = n * facRecursive(n-1);

¥

return result;

¥

int main(void)

{

int fac = facRecursive(4);

return 0; main()
} fac:




int facRecursive(int n)
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}
else
{ .
result = n * facRecursive(n-1);
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return result;
) facRecursive()
int main(void
{ ( ) result:
int fac = facRecursive(4); n: a4
return 0; main()
} fac:
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. . . facRecursive()
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return result;

int main(void)

{

¥

int fac = facRecursive(4);

return 9;

main()

fac:

24
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Print out a line of n stars
n = 5 % %k %k %k

void printRow(int n)

{
for (int 1 = 0; i < n; i++)
{
printf("*");
}
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Print out a line of n stars n

row of n stars

—~

X kK XK Xk Xk

e~
1star row of n

1 stars

Xk %k %k X
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