Algorithmic Foundations 2

Exercisesfor drop-in tutorial in week 8

Mathematical I nduction and Recur sive Definitions

Note: questions marked with a* are additional questions and might not be covered in the tutorial

. Usethe Principle of Mathematical Induction to prove that
111+221 +33+.+nn=(n+1)! -1
foraln>1.

. Usethe Principle of Mathematical Induction to prove that 3" < n! for all n> 6.
. Usethe Principle of Mathematical Induction to provethat n® > n? + 3for al n= 2.

. Letay =2, & =9, and a, = 23,1 + 3a,» for n= 3. Usethe Second Principle of Mathematical
Induction to prove that a, < 3" for all positive integers n.

. Usethe Principle of Mathematical Induction to prove that afunction f defined by specifying
f(0) and arule for obtaining f(n+1) from f(n) (for each n = 0) is well-defined.

. Find f(2),f(2),f(3),f(4) if f(n) isdefined recursively by f(0)=3 and for each n > 0,

@ f(n+1) = -2f(n)
(b) f(n+1) = 3f(n)+7
(©) f(n+1) = {f(n)}*-2f(n)-2

(d) f(n+1) =3"

. Give arecursive definition of the function f with initial condition, for each of the following
non-recursive definitions:

(@ f(n)=4.7", foreachn=0
(b) f(nN)=3n+5,foreachn>0
(c) f(n)=n!, foreachn>1

(d) f(n) =n? foreachn=0



10. Give recursive definitions of the functions max and min, so that max(ay,a,...,a&,) and
min(ay,&,...,&,) are the maximum and minimum of the n real numbers &, &,...,an

respectively.

11. Givearecursive definition of
(a) the set of odd positive integers
(b) the set of positive integer powers of 3
(c) the set of polynomials with integer coefficients.

12* Show that the set S defined by

50S;
sdSand tdS - s+OS

isthe set of positive integers divisible by 5.



