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712 Prove by induction the formula for the number of calls to the recur-
sive method fib in Section 7.3.4.
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A much more serious problem is illustrated by an attempt to calculate the
Fibonacci numbers recursively. The Fibonacci numbers Fo,F),, ..., F; are
defined as follows: F, = 0 and F, = 1} the ith Fibonacci number equals the
sum of the (ith — 1) and (ith — 2) Fibonacci numbers; thus F, = F;_ |+ F,_,.
From this definition we can determine that the series of Fibonacci numbers
continues: 1,2, 3, 5,8, 13, 21, 34, 55, 89,
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Let C(N) be the number of calls to fib made during the evaluation of fib(n).
Clearly C(0) = C(1) = 1 call. For N > 2, we call fib(n), plus all the calls needed to
evaluate fib(n-1) and fib(n-2) recursively and independently. Thus
C(N) = C(N-1)+C(N-2) + 1. By induction, we can easily verify that for
N 23 the solution to this recurrence is C(N) = Fy , 5 + Fy_— 1. Thus the number
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figure 18.22
Routines for printing

// Print tree rooted at current node using preorder traversal.
public void printPre0rder( )
{

System.out.printin( element ); // Node
if( left = null)

left.printPreOrder( ); // Left
$F( right = null )

right.printPreOrder( ); // Right

// Print tree rooted at current node using postorder traversal.
public void printPostOrder( )

if( Jeft 1= null ) /1 Left
left.printPostOrder( );
if( right 1= null ) // Right

right.printPostOrder( );
System.out.printIn( element

// Node

// Print tree rooted at current node using inorder traversal.
public void printInOrder( )

if( Teft = null) /1 Left
left.printInOrder( );
System.out.printIn( element ); // Node
iF( right 1= null )
right.printInOrder( ); // Right
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188 Suppose that a binary tree has leaves [y, /y ..., [y at depths
dyydyy .., dy, tespectively. Prove that Y* 2<<1 and determine
‘when equality is true (known as Kraft’s inequality).
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19.7 Prove Theorem 19.2.
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For any tree T;let IPL(T) be the Internal path length of Tand let EPL(T) be Its exter-

nal path length. Then, ff Thas N nodes, EPL(T) = IPL(T) +2N. R

‘This theorem Is proved by Induction and is left as Exercise 10.7. Proof
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ion: The internal path length of a binary tree Is the sum of the depths of fts
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definition: The external path length of a binry search tree Is the sum of the
depths of the N+ 1 nul1 inks. The terminating nu11 node Is considered a node
for these purposes.




