


Non - Parametric tests : Test - statistic

( Parametric tests ) - { - xg i ×s
,

i
" "

covered so tae

- to perform the test assumption of

Normal distribution or by
sample size

< assuming c. c.T . Holds
being large

Non - parametric tests : -

- Distribution free tests
Device a

" ° ^"" "

{
- less powerful than parametric tests

test

for Power of test : - neat statistics
normality

course

- Very helpful for a start

✗ ✗

Example : - _ Vaccine has been developed

Qi - Is the vaccine effective or not ?

(for a disease)

Ai- Designed an experiment

-

Choose n individuals from a

population



- gave vaccine to n , of them

placebo to nz : = n- n ,

Affected Not affected Total

vaccine Xii Xiz n '

placebo ✗a ✗22 nz
-

§ : Based on table can we answer the

question Q ?

Eiampkz : - [ Tea -Tasting Example]

A- claimed : _ Can tell from tasting a

Cup of Tea whether : -

- milk first and Tea neat
English
preparation

- Tea first and milk neat

Denied an Experiment : -

- Prepared 8 cops of Tea

4 4

milk first Tea first



- Person A tasted each one

of them and gave opinion .

Tea Milk Total

Tea first 3 1 4

Milk first 1 3 4

Approach 1 ( Parametric) : x
"
- test for

independence .

Approach 2 : -

Tea Milk Total

Experiment: Tea first 3 ≤ ✗ it 1 4

Milk first 1 3 4

- Row totals are fixed by the

Experimenter

- Column totals all decided by
person A



Ho : - Person A has No ability
( i.e. Person A call,

"

tea first
"

by choosing a random Sample
from 8)

Under H . : -

IPC ✗ , , = 3) = CPC choose 4 CUP
them are

Tea
from 8 cop,

&
3 ◦t

die
actually

1st

(5) (7)
(Hypergeometric) =

( ,
= 0-229

observed

Test p-value : - IPC ✗ Ii ≥ to)

specify level of significance := 2 = o.o -5

Here to =3 : _ Assume Ho is true

Rf Xii ≥ 37 = Rf Xii =3)

+ LPC ✗11=4 )

Under
to : - Xu ~ Hypergeometric N=8, 9=4 , n=4)



( Xli 73) = 0.229 g- ( )

(E)

= 0-229 f- 0.014

= 0 . 243

=
.
As ④( ✗ it ≥ 3) = 0.243 ⇒ 4=0.05

i. the null cannot be rejected .

- Here is not enough evidence to reject

the null hypothesis that person

A- was purely guessing

sign test & Signed Rank tests

Model : X , , . . . . Xn all from

a random sample



Xi = Otei Enos

independent
with

p.d.tt c.)
Symmetric

around 0 .

Ho : 0=0 HA : 0>0

Test statistic

5 = É
,

sgncxi )

where sgnct , = {to
ᵗ"

t =o

1 t >°

Sign test

- look at positive observations

St = # hi : Xi >◦3-

- ignore 0 's and sample is
reduced .

- If we observe -1 and 1 this



Xi - can be thought as Bernal /i. I

=) St ~ Binomial distributions

(n , £ ) = Nulldistribution

Test : - Compare this distribution wills
the observed - statistic

Examplecs.iq/-est)- : -

12 people all chosen (× , >0)

to prefers shorts over till pants
1 prefers fullpantsoversbort
1- no preference (Xiao

yxi=o)
- strong preference for shorts ?

How likely is such a result true it

Ho : there is no preference over shorts

or tall pants

is true ?



St = { i : Xc >it - Bin ( n= " , p={ )

St _= observed = 10

p-value : - RC St ≥ to) I 0.0059

d- level of significance : - 0.05

=) Since 0-0059 <c o - OT

Ho : No preference HA : shorts over full

we reject null hypothesis _

Signed Rank - Wilcoxon Test

C Compare with t- test ) not

distribution
Ho : µ=o , HA : v20 free

Test - statistic -

to :-. Lntn -1
Sheri

p-value : IP ( tn
-, >

to)



✗ ' > ✗ 2, _ _ . .

,
X
,

- sample {
✗ i=Otei

(old model )

W = £ Sgncxi] Rank Clxil)
5=1

Test- statistic

wt = É Rank chit) 1- Cxi >o)

it =\
wt symmetric

◦ around ¥ 1 (w + nn¥ ))ncntl ) I

7

• There is no closed form for distribution
of wt

Ho : 0=0 versus HA : O>-

p- value : PC wt > to )

to - observed test statistic
.



Read - cleanup

✗
1
, K , . . .

, Xn are i-l.cl Bernoulli In
,
f)

⇒ Sn ~ Binomial Chip )

[CLT] Sn - np
&

,
Nloil )

TnpFp )

Approximation - Application : acts C- R

RI a < Sn ≤ b) = IP ( a Sn - np

ME >

<

qg ,
≤
b - NP )TnpFp )

=P ( a <
Z

≤
b - NP )

TnpFp ) TnpFp )

where Z ~ Nloil )

- When approximation is valid

- np > { nfc-p > > {

-
n >> > large

To make approximation precise / more accurate

- Continuity Correction



Example : _
n=20

,
D= { Snn Binomial ( 20,1 )

☒ ( 8 ≤ Sn ≤ 10) = IP ( <
Sn - ni

<
↳ - np

TnpFp )
-

TnpFp )
-

TnpFp ) )

I IP ( 8-nˢ < Z
<
lo - ni

Central tip ,
-

Fptp ) )
limit

Theorem =P ( 8 <
Z

≤
'

°j )approximation OF

= 0I( 07 _ F- C-%)
= { _

. -

I
0-314-5

~

Tables or R

approximation

to to

171 • ≤ Sn ≤A = E (E) ¥ ) is not

k=8 great

Direct = 0-456-5 L

Computation

Cause for Bad Approximation : - Sn = discrete and

2- is continuous ⇐A¥¥ÉÉ " • ≤ ≤ ≤⇒



Approximation - Application
with continuity Correction : a < b c- B

Sn - npIP ( a < Sn ≤ b.) =P (a <

qg ,
≤
IP )

TnpFp ) TnpFp )

=P (a <
Z ≤

b-E- NP )
TnpFp ) TnpFp )

where Z ~ Nloil )

☒ ( 8 ≤ Sn ≤ to) = IP ( 8 <
Sn - ni

<
1.6 - np )

TnpFp )
-

TnpFp )
-

TnpFp )

-

= IP ( 7.5-rc < Z
≤
lar- ni )Central Miss Fptp >

limit

Theorem =P ( 7- ' <
Z

≤
'•% ))approximation OF

OIC
- 0-1-2--5 )with continuity v5

Correction
-

= 0.4567

This is indeed a better approximation !



Xi : i =) , - - n aee discrete

Sn = Xitxct - . c- Xn Continuity cessation

continents PC a ≤ Sn ≤ b) = PC a- { ≤ Sn ≤ b -11)
one y

Histogram
or it a

,
BEN

C. LT '

=
-

.

_ approximation - - -



Boot strap - Jack - knife : - [ Re sampling techniques]

Efron -

- Parameter of interest 0 C- P
Method of moments

- Estimate the parameter Maximum likelihood Estimate

- Confidence interval j - Hypothesis test

2- - test
,
. . _

: parametric

[ Normal approximation )

setting : - Normal approximation does not apply

Random sample . ×
, ,

-
. .

,
Xn NF ( F = distribution of )

population

② - is parameter of interest

compute : - ⑤ ÷ gcx ,
,
X
, ,

. . . ,Xn ) is an

estimate for 0 .

② ~ Gn ( Some sampling distribution )

Gn : - Unknown It Normality holds =) Gnn NC -

,
- )

⇐deal) Find as many datasets ( samples]
(B)from Gn

WISH

more then §
,

. . .

,
@

☐

°
Gn

.Samples
8 Gn .



B >> large = not possible

once we have B realisation , from Gn

> estimate many characteristics D- G.

Bootstrap : .
- Our current dataset is

✗
, ,
✗
↳ . _

,
Xn

Make - Resarpk repeatedly from dataset

it with replacement .

precise
( Hope . . . ) - approximate sample frown G- - &

Using this we could estimate characteristics1 of the distribution of 4

✓

Non - parametric Bootstrap : -

Random

- { × , , . . .

,
Xn} = S - sample from population .

⑨ ÷ gcxi , . . . ,Xn )

- Resampk from S WITH replacement - a

sample of size n .

✗
*

✗
*

11 ,
-
. _ , n ,

⇒ @
*

I

Repeat *

✗
* B

✗
121 ,

- - -

, ne ⇒
*

B u Estimators

time : :
;

*

✗
*

✗
113 ,

_
_

, ng =) ②



(Ex)
• 0^7

,
. . .

,

≈ G-
B B

Eco : - fs.EE:5•
Vari = 1-

B- I c- =\

Bootstrap
Estimate (Sample

0% mean
)

- Bootstrap confidence intervals

in]
C-

.

② %]coded ⑤ ¥ , c- . . <

L= É
L { B]

U= ⑤
Leg )B]

⇒ ( L
,
a) is look - d) % Bootstrap

confidence intervaltwo

Parametric Bootstrap
✗
is . . .

,
Xn ~ F( )

unknown

known

distribution

S = { × ,
, .

. .

,
✗at

set ② = g. CX, , Xc , . . - , Xn )



- Resampk from F(④ WITH replacement - a

sample of size n .

✗
*

✗
* n*

11 ,
-
. _ , n , F- (8) ⇒ On

,

Repeat *

✗
* B

✗
121 ,

- - -

, net f- (g) ⇒ *B u Estimators

time : :

*

✗
113 ,

-
-

,
×*ng~F(E) , ⑤ *

B

B

i
÷
¥

¥ €
,

- Estimate for
E

- Same procedure for confidence interval

Example : Population with distribution - hamnalt ,D

Sample :-X , , . . _ ,
Xn from population

⑤ : = ☒ = Éxi
is an estimate for &

b- =L

n

Bootstrap

Non - parametric : - Res ample from S - LX , , .
. _

,
Xn }-



Parametric : -

✗
*

✗
*

11 ,
-
. _ , ni ~ Gamma ( I , l ) →

I ?

✗
*

✗
*

121 ,
- - -

, ntr _~ Gamma ( I , l ) → IE
: :

:
*

✗
113 ,

-
-

,

✗¥
, ~

Gamma CR , D) ×-
*

☐

§ , ¥ quantile og II ⇒ Condolence

intervals

Central limit theorem [ check : mean & valiance of henna /an)

d
✓n(I - a) → N 10,1 )
Ta

confidence interval :

F- *" FE ,
I -12 TE )

4 Comparisons : -

-

non parameter distributions
R

- parametric distribution
code

- Normal distribution approximation

- True sapling distribution



Questions :

◦ In R - call = B = tooo ?

- check effect of change in B.

• Estimate median of Game ?

• Estimate median - mean of Gamma ?

Hw 12

Erdos Renyi Graph, {
Probability
Computer Science

Real world
networks

Ky = kn

4

w.pt - keep an edge

1-P - drop an edge

2

I

•

h( 4 ,H

= 4h ,
b)

4
3

Estimate b - from the graph


