



























Professor Hamlin

DayawAsian
HW7 released shorter and only 80 pts
Exam 2 next Friday in class

practiceproblems released try doing them
before looking at the answer

2 Exam Content
3 Summation notation
4 Strong induction
5 induction inequality

Exam contents
Counting style probability e g Est
Expected value Variance
Bayes rule problem
BFS DFS
Dijkstraalgorithm
induction equality or inequality

Review induction conditional
n P Q

show t l Assumed
P Q

Base a 0 WLOG withoutIf lassofgenerality
I I



Inductive Step if statement n then statement ntt

P t 1T

Q Extent
t

Proof Assume P is true Inductive Hypothesis
start w

II.it
nH

f H xhtl byI.H

1

Summation Notation

We've been writing it tn want quicker
way Summation

I 2 4 8 16 32 64

2 292 22 23 24 25 26
Notenaveftef



n

last value of a

Σ 2 by putting each value of k
into this term then

startingvalue of k sum them

The sum of 2 where k goes from 0 to
6

Exercised Express thefollowing in sum notation

1 9 11t 13 15 17 2 It 2 3 4 St th

24 9 or ÉI2K 7 EE K or KH

4,2K I

Compute each sum below Pattern io

1 42K 2 L.DK
102 term

2 10 2 11 2 12 Fft t t

660



Using summation in induction

from last class Show Itzt th 11

K n

then 1 2 t nth I In nt2

Ift
starting with I equivalentn

E k n D

Can always expand summation notation

Back to induction

So far we've only needed to assume
the previous step held

on a ladder only need to
t assume previous rang



on stairs what happens if
I don't assume previous
steps exist

111

I
fall or proof doesn't
work

week if statements then statement nth

strong if statement 1,2 n then statement ntl

Example Using only 30 and 4 coins can

make any change starting at 69
114 244 I 3 194 4 44 1.34

Bcs

no 34 30
n 7 3474
n 8 44 44 previously assumed

Just n

Inductionstep if statement 6,7 ton are true

statement ntl is true

Assume some combo of 3 84 produce n 6 n

Show for nt 0000340 0000440
Case 1 n's sum includes a 3 coin

n 4 switch out to 4 to make ntl

Case 2 n's sum only 44 coins



n 8 must be at least 2,4 bybase case
replace 2 4 w 3 3 for ntl

000044440 000340039304

Strong Induction

Like weak induction prove SCI scz

but we use stronger assumption

weak just assume strong assume every step
previous rung exists before exists

1

Process 1 Prove statement for 1ˢᵗ few n
2 Show that SCI 5127 S n implies

S ntl

When should you use weak vs strong
set of problems can prove w

strong induction

set of problems can provey
weak induction

Canalways use strong though if can use weak



g g
might be a simplier proof

Exercised suppose two algorithms compute same

task but take a different of steps
to do so

Algorithm 1 on input of size n 2Nsteps
Algorithm 2 on input of size n N steps

input

fAlgo 1 2 4 8 16 32 64

Algo 2 1 2 6 24 120 720

1 Complete the table
2 Which algo for n 2 2

3 Which algo for n s I
4 Which algo forany sizen 8

It grows slower can we prove it

weakInduction w inequalities

Prove that 2N N for all N above 4



Recall
Statement 2N N

Basecase n 4

24 4 16 24

Inductivestec iterments then na
p

P 2N CN
Q 2N NH 23

330
Proof Assume P
starting with 2N

inductive Hypothesis

2.2N
2 N by I H

2 41 NH N by 2 Ntl due to base
Ntl case

So this was some handwaving right Sort of
there are certain things we can do w

inequalities we can't do w equalities

YouI add same thing to both sides doesn't
change inequality

if 324 then 3 10 4 10

X y C YtC CER



Moved multiply by positive value doesn't change
inequality

if 324 then 3'10 2 4 10

if cy then C y C CERic 0

Moves multiply by negative value swaps inequal
direction

if 324 then 3 12 4 1
if cy then Caye x y CER w c 0

Nov 4 sum two inequalities large side together
small side together

if 3 4 then 3 5 24 6
5 6

If faff then w ytz

Moves can replace smaller side of inequality
w something smaller or larger side w

larger

2N



if 3 7 and 123 then 127 Z.N.CN
NLifycz

and Ly then cy

Hint one of most common manipulations for
induction

exercised complete tables
1 2 3 4 5 6

N I 4 9 16 25 36

µ

N 4
Show Nt 10 N for all N above some value

Proof Basease N 4

4 10 216

Inductivestep if
stategenfthen statement

P N IO LN
Q HO Nt 1 2

Proof Assume P I.tt knot
1 10 Nt 10 I N t2Nt1

N I N 1



N 2N 1 form 4

Nti

WoRKCHS done
OF Q


