Mathematical Induction

Let P be a predicate over the natural integers, P: N — {true,false}.
Let a>0.

If
(i) P(a) = true
(i) for any n>a, P(n-1) = P(n)

then for any n=a, P(n)=true.



lathematical Induction

>._,i=n(n+1)/2, foralln>0

n if n=0,1
if n>1

f =(¢"(-0)™A/5, for all n=0
where ¢=(1+V5)/2

1 if n=1
Collatz,(n)=« Collatz,(n/2) even n
Collatz,(n+1) odd n>1

Collatz,(n)=1, for all n >0

Mulalarusse(a,b)=a*b, for all a,b=0



Generalized Mathematical Induction

Let P be a predicate over the natural integers, P: N — {true,false}.
Let a>0.

If
(i) P(a) = true
(ii) for any n>a, P(a),P(a+1),...,P(n-2),P(n-1) = P(n)

then for any n=a, P(n)=true.



Mulalarusse(a,b)
If (b=0)
Then return O /[ a*b=a*0=0
Else If (bis even)
Then return Mulalarusse( a+a, b/2 ) /I a*b = (2*a)*(b/2)
Else return a + Mulalarusse( a+a, (b-1)/2) //a*b=a + (2*a)*( (b-1)/2)

Let P(b)= "for all a=0, Mulalarusse(a,b)=a*b".
If
(i) P(0) = "for all a=0, Mulalarusse(a,0)=0=a*0" = true
(ii) Let b>0, assume P(0)=P(1)=...=P(b-2)=P(b-1)=true.
- If b is even then
Mulalarusse(a,b) = Mulalarusse(2*a,b/2)
= 2*a*b/2 by P(b/2) since O<b/2<b
=a’b (= P(b)=true)
- If b is odd then
Mulalarusse(a,b) = a+Mulalarusse(2*a,(b-1)/2)
= a+2*a*(b-1)/2 by P((b-1)/2), 0=(b-1)/2<b
=a’b (= P(b)=true)
then for any b=0, P(b)=true.



