
Today ProofsS 331 Fall2026

Mini lecture 1 824

Proofs

We want proofs to be correct and wellwritten

Correct Every statement is logically true

All edge cases mitter All primes are odd

True statement 1

True Statement

True statement

Typical structure
builds on2

3

Well written reader can follow flow of argument

This is an art Best way practice lots discuss

Helpful tips Dellae gameplan

Organize into self contained claims



Implication

A B if A is true so isB

Simple Structure Prove D

AARightarrowBBRightarrowCCRightarrowD
obvious

truestatement

Theorem For all xygeq0 I sqrtxyleqfracxy2
Proof

0leqaleqb 0leqsqrtaleqsqrtb

xyleqfracx22xyy24
0leqx22xyy2

0leqleftxyright2



Proof but better

0leqleftxyright2
0leqx22xyy2

xyleqfracx22xyy24

obvious

each follows

from previous

b 1 implication

sqrtxyleqfracxy2
Theorem let xyinmathbbR0

leftsum_iinleftpartialrightXiYiright2leqleftsum_iinleftpartialrightXi2rightleftsum_iinleftpartialrightYi2right
left0rightleft123ldots0right

dimension

then

e g

xleftbeginmatrix142endmatrixrightyleftbeginmatrix324endmatrixright left3right2leqleft21rightcdotleft29right



Proof leftxright2 length of vector X

RHS x22y22
11leftx12x22ldotsxj2right

LHSxcdoty dot product 2y
thetax22y22cos2theta0 X

S0LHSleqRHSLeftrightarrowcos2thetaleq1
Idea we may as well consider wit vectors

Proof let

UfracXleftxright2VfracYleftyright2



Claim 1 sum_iinleftdrightui2l1sum_iinlefttrightvi21
Because

sum_iinleft0rightui2frac1leftxright22sum_iinleftjrightxi21
Claim 2 E leftsum_iinleftgammarightuiviright2leq1
Because multbly both sides by x22y22
Claim 3 leftsum_iinleft0rightuiviright2leq1

sum_iinleft0rightuivileqsum_iinleftpartialrightfracui2vi22frac12frac121leftClsim1right
oldtheorem

sum_iinleft0rightuivileqsum_iinleft0rightfracui2vi22frac12frac121 oh



Contrapositive

What does A B mean

Not A is true Rather if A istrue soisB

B
FalseTove

True X Rules out of

possible worlds
A
Falle

Equivalent statement if B is false so is A

Shorthand TB 7A

Example if you go to lecture these

notes will make sense

warning
debatable if these notes don't make sense

youdidnot go to lecture



Theorem Hp2n1ninmathbbN
p is prime implies n is prime

Proof Contrapositive n composite P composite

nab
p2n1mb1m2a
pleftm1rightleft1mm2ldotsmb1right

Composite

Contradiction

You're asked prove statement

Assume for the sake of contradiction 7 Statement

Show 7 statement obviously false

7 statement must also be false



Theorem let ME mathbbN Suppose Rn red prints

Bn blue points in the plane There's a way to

pair up R B s.t.no crossing lines

Ex

Proof Pick pains w minimal total length

leftr1b1rightleftr2b2rightldotsleftrnbnright
Claim has no crossings

Suppose for contradiction otherwise Consider uncrossing

Shorter

S0 it wasn't the minimal total length contradiction



Induction

Covered in class

Sleft1right is true

SleftnrightRightarrowSleftn1rightforalln

We proved xn1leftx1rightleft1xx2ldotsxn1right
key idea Xn11leftXn1XnrightleftXn1right

all Sleftnright is true

SleftnrightSleftn1right leftx1rightcdotxn

Warning Check holds for all n 1

Example All horses are same color

Proof Sleftnright Allon horses are same color

sleftnrightRightarrowsleftn1rightSpot the bug SCI

same

n1



May aswell do strong induction used in recursivealsos

Sleft1rightSleft2rightldotsSleftnrightRightarrowSleftn1right
all true alresdy

There's 1000 dragons on an island

All cansee all other dragons eyes but not theirown

All eyes are red Dragons can't communicate

If you know your eyes are red you turn into sparrow

midnight when you find out

Puzzle

arrives says

At last one of you has redeyes

Whichnight do dragons turn into sparrows

One day evil wizard



Q What is sleftnright n1000ldots

Hn1 day I

VmeIf n2

Case1 day

are 2 I have red eyes

Sleftnright n dragons turn to sparrows after day n

Why is sleftnrightRightarrowsleftn1right2 caseworkagain


