
cursion is often used in CS.

-take a problem instance

- solve its subproblems

- until theyare small
enoughsorted

ex binary search A =(a., 92, ..., and-

- -
An AR
e -I

Arm ↳Are AR, ARR
: i

untilwe get H the

base case.

aapicalinducercursionoftechniee
*toprovethat 1+2+ 3+...+n=
we prove thatitworks for n

=0 (base case),
and thatif itholds for some ns, then it
holds forn+1.



Det let Pbe a predicateconcerning
ints>,0. To give a proof by math-
ematical induction thatFn=R": P(n),
we prove I things:

1) Base case:prove P(0).

2) Inductive case:Anx, I, prove P(n-1) => P(n)

Ifwe do (i) and (2), we've proved that
Ant2:P(n). Why?
ex suppose we have proven P(0) and
-(n-1) => P(n). These establish P(3)

Rt wisp(b)
we know P(0) base case

P(0) =7P/1) bcD(n- 1) =2P(n)

P(1) bp(0) (modus powers)
P(1) =P(2) b<P(n- 1) =3P(n)

P(z) modes poneus

P(2) =P(3) ba P(n - 1) =2P(n)

P(3)



cam Xnxo, S2i =2- 1

it20, 1, ...,n3

i.e., 2° +2' +22+... +2
=2 - 1

ex S #S
-

⑧ 20 =1 2 -1 =2 - 1 =1

I 20 +2=1+2 =3 2- 1 =4 - 1 =3

220+2'+2":7 22- 1 =8 - 1 =7

of we show by induction thatno
22i =24+ - 1.
itE0,,...,n3

① me define thepredicateP(n) to
mean that2" =2**-1.

it[0,... 43

P(n) =E
T

if22" =22+- 1

n =0 Iotherwise

WTS Fn=0: P(n)
we do this by showing1) P(O) (base casel
2) Fnx, 1:p(n-1) =7 P(n)

② Forthebase case, we WTS P(0).

i.e., WTS 2 2" =2-1.
it303



consider unen n =0.2°=1 and 2-1 =1
So PCO) holds.

③ Fortheinductive case, we need toprove
(n=1p(n-1) =7P(n).

- E2i =2- 1
assume P(n-1). WTS P(n). i=0

- LHS RHS

inductive hypothesis (IH)
n - 1↳ 22" =2(n

-1) +1
- I (*)

i =0

2" +2" def. ofus =2"= I summations

- (2n
--

- 1) =2 subs.w/(*)

=2- 1 +2 algebra
=2.2" - 1

= 2n
+ 1
- 1 =RHS

So we have shown P(n).

we've shown P(0) and P(n-1)=< P(n), so
by theprinciple ofmathematical induction,
p(n) holds Fnt2".

Q:Whatwould a directproof looklike?

A
:let X=



x =2x - x algebra
-2.E2"-ei

i=0

=2(2+2' +... +2)) - ↓
(20 +2+..+2")

=2.2" +2.2't ...+2.2
e

- 2° -2'-... - 2

=2+2+... -2 +2
+

-2 -y -...-
=2
+
1 - 20

n+1

- 2 - I

i n +12 =2 - 2

i =0 17

↓idproof:

=2- Iassumed what
we're trying to

: prove i



claim nxo,=-
ot1+ 2+...+

== M 0+1 +2+ ... +n

7 0+ 1 =1 12)
=1

2 0+1 +2
=3 -3) =3

5 0 +1 +2+3+4 +5 56) =3 =
15

- 15

proof
-

①We define the predicateP(n) to
be u

2i =

n.i
=
0

we provethat*nxo: psnl usihy
mathematical induction on n.

② Forthe base case, consider m
=0

-

Then i =0 and0=0, soi =0

P(O) holds.



③Weantives in we prove

Letus 1. Assume P(n-1). WTS P(n).
n - 1

2i =2 +n algebra
i
=
0 i =0

subs.

e algebra

it
i



steps toprove a "Anxo,-"statement

usingmathematical induction:

①clearly state theproperty P(n) and
thatyou are proving using induction.Be sure tostate thatvariable you
are performing induction over.

② prove PCO) (base case)

③ Prove Unx, 1, P(n-1) => P(n).


