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What 1s Recursion - Recall

« A procedure defined in terms of itself
e Components:

—Base case

— Recursive definition

— Convergence to base case




doubl e power (double x, int n)

{
| Nt |
double tnmp = 1,

if (n > 0)
{

for (I =0; 1 <

{
}

tnp *= X;
}

return tnp;




doubl e power (double x, int n)

{
double tnp = 1,

if (n > 0)
{

tmp = power (X, n/2);
if (n %2 == 0)
{

tnp = tnp*tnp;
}

el se
{
}

}

return tnp;

tnp




Unary Recursion

* Functions calls itself once (at most)
o Usual format:

function RecursiveFunction ( <parameter(s)>)
{
If ( base case )then
return base value
else
return (<expression>)




Unary Recursion

/* Computes the factorial */

function Factorial (n) int factorial ( int n)

{

If (nisless than or equal to 1) if (n<=1)
then {

return 1 return 1,
else }

returnn’ el se

{

}
}

return n*




Binary Recursion

Defined in terms of two or more callsto
Itsalf.
For example — Fibonacci

e A series of numberswhich

—beginswithOand 1

—every subseguent number is the sum of the
previous two numbers

e 0,1,123,5,8,13,21,...




Binary Recursion

function Fibonacci (n)

{
If (nisless than or equal to 1) then
return n
else
return

/* Compute the n-th Fi bonacci nunber */
long fib ( long n )
{

If (( n<=1)
return n ;
el se
return




struct LI nkedLi st Rec

{

| nt count ;
Node* headPtr:

'

t ypedef struct LinkedLi stRec List;




#i ncl ude “l i1 nkLi st. h”
Node* copyNodes( Node* ol dNodePtr);

voi d
copyList(List* newListPtr, List* oldListPtr)
{

I f (listEnpty(oldListPtr))

{

}

el se

{

InitializeList(newListPtr);

newLi st Pt r->headPtr = copyNodes(ol dLi st Ptr->headPtr);
newLi st Pt r->count = ol dLi stPtr->count;




Node*
copyNodes( Node* ol dNodePtr)

{
Node* newNodePtr = NULL:

| f (ol dNodePtr != NULL)

{
newNodePtr = nakeNode( ol dNodePt r - >val ue) ;

newNodePt r - >next Ptr =
}

return newNodePtr




Copy Nodes

OldNodePtr

NewNodePtr

B




Copy Nodes
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Copy Nodes
OldNodePtr
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Copy Nodes
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Copy Nodes

OldNodePtr
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Copy Nodes

OldNodePtr

NewNodePtr




Recursion Process

Every recursive process consists of:

1. A base case.

2. A general method that reduces to
the base case.




Types of Recursion

Direct.

ndirect.

_Inear.

n-ary (Unary, Binary, Ternary, ...)




Stacks

e Every recursive function can be
Implemented using a stack and iteration.

e Every iterative function which uses a stack

can be implemented using recursion.
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doubl e power (double x, int n)
{ X=2,Nn=5

double tnmp = 1; tmp =1

X=2,n=2
tmp =1

x=2,n=1
tmp = 1*1*2
= 2

t np*t np* x;

return tnp;




doubl e power (double x, int n)

{
double tnp = 1,

t np*t np* x;

return tnp;




doubl e power (double x, int n)
{ X=2,n=5

double tnmp = 1, tmp = 4*4*2
= 32

t np*t np* x;

return tnp;




module power(x, n)
{
create a Stack
Initialize a Stack
loop{
If (n == 0) then {exit loop}
push n onto Stack
n=n/2
}
tmp=1
loop {
If (Stack is empty) then {return tmp}
pop n off Stack
If (n is even) {tmp = tmp*tmp}
else {tmp = tmp*tmp*x}
}
}
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doubl e power (double x, int n)
{

double tnp = 1,

St ack theSt ack:

InitializeStack(& heSt ack) ;
while (n !'=0) {
push( & heSt ack, n);
n /= 2;
}

whil e (!stackEnpty(&t heStack)) {
n = pop(&t heSt ack) ;
If (n %2 == 0)
{ tnp = tnp*tnp;}
el se
{ tnp = tnp*tnp*x; }

}
return tnp;




Disadvantages

 May run slower.
— Compilers
— Inefficient Code

 May use more space.




Advantages

More natural.

Easier to prove correct.
Easier to analysis.
More flexible.




Free List — Non Recursive
ead

0x2000 0x258a

[* Delete the entire li1st */
voi d FreelLi st ( Node* head){
Node* next

while (head !'= NULL) {
next =head- >next ;
free(head);
head=next ;

}
}
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FreeList — Non Recursive
head next

[* Delete the entire |1st */
voi d FreelLi st ( Node* head){
Node* next:

while (head !'= NULL) {
next =head- >next ;
free(head);
head=next ;

}
}




FreelList

[* Delete the entire |list */
voi d FreeLi st (Node* |1 st)
{
1 f (11st==NULL)
return;
FreeList(list->next);
free(list);
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FreelList

0x2000 0x258a

/[* Delete the entire |list */
voi d FreeLi st (Node* |1 st)
{
1 f (11st==NULL)
return;
FreeList(list->next);
free(list);

NULL

Ox4c68

0x258a

0x2000

Stack in memory




FreelList

0x2000 0x258a

[* Delete the entire |list */
voi d FreeLi st (Node* |1 st)
{
1 f (11st==NULL)
return;
FreeList(list->next);
free(list);

Ox4c68

0x258a

0x2000

Stack in memory




FreelList

ISt

0x2000 0x258a
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FreelList

0x2000

[* Delete the entire |list */
voi d FreeLi st (Node* |1 st)
{
1 f (11st==NULL)
return;
FreeList(list->next);
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0x2000

Stack in memory




FreelList

0x2000

[* Delete the entire list */
voi d FreeLi st (Node* |1 st)
{
1 f (11 st==NULL)
return:
FreelLi st (list->next);
free(list);



Revision

e Recursion

Preparation

 Read Chapter 9 in Kruse et al.




