
In Computer Science , recursion is
a common strategy for solving
problems .

-take a problem instance

- split it into subproblems ...
- ... until they are small

x binary search
Problem

:

find an element in a sorted
array .
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Ar ->
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base case : single element array .



-maticalInduction is a proof
technique that is analogous to recursion.

- to prove that 1 + 2+3+ ... +h

P(n) = [1
+ 2+ 3+ -.

+ n =
11) : T = n),
2

I : F 2

We prove that the formula holds for
n
=

0 (base case) and that if it holds
-

for =I ,
then it holds for n+1 .

e1

some specific

Let P be a predicate concerningintS? 0 TO ive a sroof D mathematical- I I yinduction that An = O : Pcnl , we prove
2 things :

fr=0P(n) =>P(n+ 1)
(1) case:
-

(2) ie Any I , prove that--

-
==
-x = P(n)>=>

If we do (1) and (2) , we've
proved vn=0 : P(n) .

any
?
-

jubo we have sloven PSO e
-I

p(n-1) => P(n) . These establish
-



P(3) .

Not WiS P(3) :

statement reason
- -

P(0) assumption
P(0) = > P(1) plug in n

= 1 to
P(n-1) => P(n) ,

assumption

P(1) because P(0) => PC1) ,
and we have P(O)
(modus powers

P(1) => PC2) plug in n = 2 to
p(n -1) = P(n)

P(2) modes powers

P(2) = P(3) plug in n
= 3 to

p(n -1)
= >P(n)

P(3) modus powers

n + 1~i
= 2Claim FUIO

,
S - I

M i= 0
n=2 --

x + 1

20 + 2 + 2 +
... + 2 = 2

- 1
LHS RHS-



ex n #S #S
- -

-> ⑥ 20 = 1 2 - 1 = 2 - 1
= 1v
-

I 20+ 2 = 1+ 2 = 3 2 - 1 = 22- 1 = 4 - 1

=3
22 + 2 + 22 =

1 + 2 + 4 = 7 23 - 1 = 8 - 1 =7-

steps to prove a
" *n?0 :- "statement

using mathematical induction
:

①stateP(n) and that yourproof is by mathematical induction .

-IAnd state the variable you are performing-

induction over .

② prove PCO) (base case)
③ Drove Xnx1 : P(n-1) = P(n)

sinductive case)

im: Anz0 : 2"=2* -1
i = 0

Proof :
-

① We define P(n) to mean that

nzi = 2
+

- 1
-

E
↳

if 2 = 2
n + 1

- I

P(n) = E E otherwise



We show by induction that Xn20 : P(n)
.

We use induction over n .

& For the base case
, we wis P(0)

.

0 ↑
That is ,

wis II = I = 2
*

-1 n = 0

i= 0

1 = 2 - 1 = 2 - 1 = 1w

LIS = RHS .

③ For the inductive case , we need to
prove Fn21

: P(n-1) => P(n) .

2HS RIS
That is

,
On = 1 : -

n
- 1 (n- 17 + 1

=zi - R
- I = Ezi =2

*

-1 .&I i = 0Eri -
hypothesis

Assume P(n-) .

*
Inductive

WTS P(n) .
-

n
- 1 def. of

LIS = &2 = E 2
i
+ 2 summations

i= 0 i = 0

= 2M
-1 + 1
- 1 + 2 subs

.

into

inductive hyp .
n

=2 - I

= 2n
+ 1

+ 24

algebran
- I



=RHS

so we have shown P(n) .

we've shown PCO) and D(n-1)=< Pan)
,

so

princepu of mathematical induction ,by Men) holds An20 .

1

Now - 4 : 53 : worksheet-> turn in my
your name

4 : 55-end : do together



Recall the steps for proving a statement “8n � 0 : something” using mathematical induction:

(1) Clearly state the property P (n), that you are using mathematical induction, and what variable you
are doing induction over.

(2) Prove the base case: P (0).

(3) Prove the inductive case: P (n� 1) ) P (n).

In this activity, you will prove that 8n � 0

nX

i=0

i =
n(n+ 1)

2
.

Answer the following questions:

• Do you believe the claim? I give you an example of it holding below. Give at least two more
examples of n for which the claim holds by filling in two more rows of the table for di↵erent n.

n
Pn

i=0 i
n(n+1)

2

1
P1

i=0 i = 0 + 1 = 1 1(1+1)
2 = 1(2)

2 = 1

• What is the predicate P (n) that you will prove holds 8n � 0?

• What variable will you do induction over?

• What is the base case? (Don’t just write P (0); translate it into the specific P (n) you defined above.)

• What is the inductive case? (Again, don’t just write P (n� 1) ) P (n); translate it into the specific
P (n) you defined above.)

• What is the inductive hypothesis?

1

⑱ -

-

*

-

p(n) is Ei =n
i= 0

R

0

E i
= 01)

i= 0

In-t)= [i = n +)
Anzl : E i = 0

2

i= 0 -



Now that you have answered the above questions, you are ready to write the full proof! The three
steps are labeled in the proof for you to fill in.

Proof.

(1)

(2) For the base case, we prove that .

(3) For the inductive case, we prove that 8n � 1, .

2

>=let Pcn) be Si =
n(n+ 1)
- I

2
I = 0
-

we show that Xn20 : P(h) using induction
over n .

P(ol .

2e+ n = 0 . Then E = i = 0 .

Also,
i= 0

=
= 0 .

So P(0) holds .

*
->)=

Assume 2 1 and P(n-1) . That is , we

ma

assume Ei (wM(n-1+1) --* itAI->> >
I

i = 0 2 2- n(n+1)

we wis P(n) ; Gratis, that
: = ->
2

i= 0
LHS ERAS

I n by def . of
I: = +

i = 0

=n ↓ subs · / inductive
-

2 hypothesis
=

n
?
n

-
+ 2

2

=n -n + 2n algebra- RHS

M

-

2

&EI n
+ n

-+1)I So P(n) holds .

2 2



Because we showed P(0) and

fnx1 : P(n-1) = >P(n) , by the

principle of mathematical

induction
,
Enco : P(n) . 1]




