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PLAN

2. PDF reminder

1. Poll

3. From data to PDF

4. Moments

5. Variance



POLL

Which one is the
correct formula

for the standard
normal distribution?

e—x2/2
(x) =
A S N>
e—x2/2
B f(x) =
Jx 7z
C fw=




PDFE Renind

- The function is nonnegative

- The function iIs piecewise
continuous

- The total integral is 1

JOO fx)dx=1




CDF Renind
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IN GENERAL, THE PROBABILITY
[ DENSITY WON'T BE 50 SIMPLE, b
AND LOMPUTING THE AREAS (AN

BE FAR FROM TRIVIAL.

WE HAVE TO USE ¢ALLULUS
NOTATION TO DESCRIBE THE
AREA UNDER THE CURVE #£(x).
THIS SYMBOL 15 READ “THE
INTEGRAL OF ¥ FROM a TO b

LIKE DISCRETE PROBABILITIES,
CONTINUOUS DENSITIES HAVE
TWO FAMILIAR PROPERTIES:

F(x) 2 0

f f)dz = 1

(TRY NOT TO BE ALARMED BY THOSE
A INFINITIES... THEY JUST MEAN WE'RE
LOOKING AT THE TOTAL AREA UNDER

THE CURVE FROM END TO END, T W
I. A R R y G O N l C K EXCEPT THAT THERE 15 NO END!) T UW/’ |
J
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1000 data points smoothed PDF
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THE MANGA GUIDE TO

HISTOGRAMS BASED ON

OUR HORIZONTAL 50 BEST RAMEN SHOPS FREQUENCY TABLE

AXIS SHOWS

STATIL

THE
VERTICAL
. AXIS
- HE VARIABLES— HISTOGRAM (VERTICAL AXIS IS FREQUENCY) SHOWS THE
IN THIS CASE, THE 20 FREQUENCY
PRICE OF RAMEN. IN THE FIRST
LY . HISTOGRAM
THE WIDTH OF -
SHIN TAKAHASHI EACHBAR IS THE | i L Ll
¥ RANGE OF THE e FREQUENCY N
TREND-PRO, CO., LTD. CLASS, - 1, 07 THE SECOND
5'50 850 950 HISTOGRAM.
THE CENTER
| OF EACH BAR
| & 1HE clgce HISTOGRAM
MIPPOINT.

04 (VERTICAL AXIS |S RELATIVE FREQUENCY)

550 650 750 85

IS5 THIS
EASIER TO
UNDERSTAND?

TO "FEEL LIKE”
1 FEEL GRASPING 15
LIKE I AM IMPORTANT. THE
SORT OF FREQUENCY TABLE
BEGINNING

AND HISTOGRAM
- || exisT TO GIVE YOU
Y i \ || ABETTER 5ENSE

L | L B OF ALL THE DATA.

A | GRASP THE
NV L. S OVERALL

RAMEN

T
Y

i
|

©

no starch
press

15 THAT 50?




NORMWAL

o /2

V2r

fx) = F(x) = Erf(x)

Bell curve Error function



STANDARD NORMAL DISTRIBUTION
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FOLLOW THE STANDARD
NORMAL DISTRIBUTION.
WE STANDARDIZED THE
"ENGLISH TEST RESULTS” o
DATA.

WOW, THAT
LOOKS
FAMILIAR!

SQUASH THE CURVE ALONG THE = AXIS
UNTIL THE STANDARD DEVIATION
BECOMES 1, WHILE STRETCZHING IT

ALONG THE y AXIS TO KEEP THE ARCA

/ OR 6L|DA UNDER IT EQUAL TO 1.
THRE Y -AS -
ZAM

NOW, SAID DEMOIVRE, SLIDE THIS
GRAPH OVER, 50 ITS MEAN 15 ZERO.

DON'T GIVE UP!
THE GOAL 1S CLOSE!

WHAT /% OUR
GOAL, ANYWAY?

LET'S OBTAIN THE PROBABILITY a1

THE RESULT 19 VERY CLOSE TO A SMOOTH, SYMMETRICAL, BELL-SHAPED
CURVE, WHICH DEMOIVRE SHOWED WAS GIVEN BY THE SIMPLE FORMULA:
[ & ®
distribution.

£(2) = e %
(e 15 A USEFUL MATHEMATICAL

CONSTANT APPROKIMATELY
A BEAUTIFUL
@@ _\ EQUAL TO 2.718.)

\\__

.1—.- N b ]

THIS FUNCTION 15 CALLED THE
standard normal

((CONVINCE YOURSELF THAT THIS FUNCTION REALLY HAS A BELL-SHAPED

L PROOF:

GRAPH. FOR z FAR FROM ZERO, #(Z) 15 VERY NEARLY ZERO—IT HAS A Bl6
DENOMINATOR; IT'S SYMMETRICAL, SINCE F(2) = F(—2Z), AND IT HAS A
MAXIMUM AT Z = 0))

THE DISTRIBUTION 15 CALLED THE

STANDARD NORMAL BECAUSE ALL u = 0
THAT 5QUASHING AND STRETCHING

WAS SPECIALLY ARRANGED TO GIVE

IT THESE SIMPLE PROPERTIES, g =
WHICH WE PRESENT WITHOUT

a1




IS 7T A PDE?




IS 7T A PDE?

Gifted 2017




Fx)y=1—-e"

Jlx) = {O x <0
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1000 data points smoothed PDF
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Histogram



ARC SIN

m\/ 1 — x?

PDF U CDF

fx) =

F(x) = arcsin(x)/m

_1 1
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1000 data points

smoothed PDF
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O_Z/I/lm

J xf(x) dx = m



n

N =J - M, = ro X"(x) dx

Mean n-th moment
Var(f) = [OO (x — m) f(x) dx o(f) =4/ Var(f)

Standard Deviation
Var(f) = M, — M7 Variance



THE CARTOON GUIDE TO

Bla _B

4

————

Th A
wi

v

¥
LARRY GONICK

Author of The Cartoon History of the Universe

& WOOLLCOTT SMITH

rALTHOUGH THE DO’ T

NOTATION MAY BE FRET..You'LL
UNFAMILIAR, ALL IT : GET USED
MEANS 15 AN AREA..
THE INTEGRAL 516N
ITSELF 15 A STRETCHED
“6" FOR UM, WHICH
THE INTEGRAL, IN
SOME 5ENSE, 15.

AS A SUMLIKE SOMETHING, THE INTEGRAL SERVES TO DEFINE THE

MEAN AND VARIANCE of a continvous
random variable.

M= jzf(z)dz BY ANALOGY M '-‘ZZP(Z)
- WITH THE aliz
DISCRETE

FORMULAS:

ot = j (- Hx)dx

o0

ai-:z(z—,u)zp(z)
allz

ALTHOUGH IT MAY NOT BE OBVIOUS FROM THE FORMULAS, THESE DEFINITIONS
OF MEAN AND VARIANCE ARE ENTIRELY CONSISTENT WITH THEIR ROLE A%
CENTER AND AVERAGE SPREAD OF THE PROBABILITIES GIVEN BY THE DENSITY
F£(x). THE PICTURE TO KEEP IN MIND 15 THIS:




Central/Woments

M, = J foydx=1  p,= [ (x — m)" f(x) dx

Mean M, =J x)de=m  Nh-th central moment

ule"  standardized

Skewness us(H)o(f) Var(f) = C, Variance

Kurtosis u ()l o(f)* o(f) =4/ Var(f)  Standard Deviation






B e ™ x>0
M f(x)_{() x <0

Compute

. X f(x) dx

For the standard exponential distribution






