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681 let X~Bin(np) where p & uniknown. Find MSE of ']5=2,:‘_
M€ = @iad) + Variance
Bia::/,\,‘;- P=Me-P=M-p=0p-p= p-p=0
S dev = 65 = 5-%._ %‘ ,@,_@

Voariance = 6‘% - 'p(_r‘\;P_)

mse= pli-pd
)

MAMMUM LWELIHOOD ESTIMATE

* Value of estimators ot when subthituted w for the paromerers
maximises e \ikelinood function

s pd€ [pme o joint pdf /prl

Steps
I Write down \itelihood funtion
& Toke natural toa of \Wwelinood function
3. Differertiate e \og of likelihood funchrion
b Set derivadllve egwal o 0 o ae{— MLE.
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Bovnoull] Digtiitition

LILELIHOOD FUNCTIOV
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Bonpmiaf Digliitition

LIELIHOOD FUNCTIONV

‘ PdF of X~ Binomial (np)
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Foirm Digttitution

LIKELIHOOD FUNCTIOV
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82. The following data are the observed frequencies of occurrence
of domestic accidents: we have n = 647 data as follows. Find
MLE of A

no. of acciolents Freq,uu\ua

0 447
1 132
2 42
3 21
4 3
5 2
A~ 0
A= S0 % = OX4UTH IXI32+ 2R42 +3%2) +4XB+5X2
= 47
n
N
A C %0) = 0.40L5
o
A= 0.4L5
PROBABILITY PLOTS

Stegs

I Sort the data
2 Astign vanks From =1 ton (% for each date point)
3. Rssign evenly-gpaced values 4o the data Coetween 0 and 1)

foy cath A; in the dodnset, a;s‘\av\ o value

v= |6=0.5| . Haren method
n

4 find tneorehical quankiles (8 and plok Cxg,60)




8.

i

Method PloHir\a Posiion Method
tom £-0.375
n+0-2§
Lenard -0
n+0.4
Hazen L-0-5
n
Non der waerden ¢
N+l
Koglan -Meier ’r!'\'

Construct a normal probability plot for the following data. Do
these data appear to come from an approximately normal
distribution?

3.01, 3.35, 4.79, 5.96, 7.89

| 2 ks 4 s N=§ X=5 $=ano6

v X¢ (i-0-5)/s closesY arex  2-Score 8= ZX0
| 3.0 0.] 0.1003 -1.28 2.4y

3 3 0.3 0.3015 -0-52 346

3 $79 0. 0.5000 ) 5
Y $.4( 0.1 0.648% 0.s2 C-oy

S 789 0.9 0.8497 .23 756

g, 60)
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Q-8 Plot
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We an conclude ot the data are opproximately normally

distriouted

Best o have ok leasd 30 points for reliobe tonclutiont

DISTRY EUT(D r\lz

Probo\\o‘\\i-\'l\/) distrivwtion of o ttatistic

€: distribution of sample means fv a somple size n where
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central timit

~Theorern—

Distribution of Somple meant calculated from Sampling o populatin

will follow vormal distrioulion ag the tiae 'n' of the Sampe
increases

I /\\n =sample. https://medium.com/@garora039/what-exactly-
P = |

is-central-limit-theorem-7¢1531eb2987
/\/_r\_\N = B : (RS
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let ¥, ,%z5 .- Xn be & Simple andom ample From o populddkion  with
mean M and vadane o

let X = X, *..+Xa be 4he Sampe mean
n

Let 84 = Xt.--t X, be ¥he sum of sample observations
IFf n & tulfidently large,
X ~ N(w, o*
o 22)

S“N NL‘\/A) nfz)



8k. A business client of FedEx wants to deliver urgently a large
freight from Denver to Salt Lake City.
When asked about the weight of the cargo they could not
supply the exact weight, however they have specified that
there are total of 36 boxes.
You are working as a Business analyst for FedEx and you
have been challenged to tell the executives quickly
whether or not they can do certain delivery.

Since, we have worked with them for so many years and
have seen so many freights from them we can confidently
say that the type of cargo they follow is a distribution with a
mean of u= 32.66 kg standard deviation of o = 1.36 kg. The
plane you have can carry the max cargo weight up to 1193
ka. Based on this information what is the probability that all of
the cargo can be safely loaded onto the planes and
transported?

/A=32-66 c=1-3( n=36
=193
¢n v N(B6x 32.60 , BCxl367)
M"‘ i-\l

Sn~ N (115,76, 66-5856)

« X
P(Sn < 110%)

2=-1493-10s.76 = A3
A

P(z<aus)= 0.982( = QS-U/-




Gs.- Drums labeled 30 L are filled with a solution from a large vat.
The amount of solution put into each drum is random with
mean 30.01 L and standard deviation 0.1 L.

a) What is the probability that the total amount of solution
contained in 50 drums is more than 1500 L?

b) If the total amount of solution in the vat is 2401 L, what is the
probability that 80 drums can be filled without running out?

c) How much solution should the vat contain so that the
probability is 0.9 that 80 drums can be filled without running
out?

}As‘}0.0I 0 =0l

(0> n=50  P(Sph>1500)
SnN(am, no*)
Sa~ N( 1500.5,0.8)

Ilfbo = _IS00 —1500.§ = - 0.707
Jo.s

PL27-0-707)=] - 0.2289 = 0-761l =|76-1)-

(b total o 80 <a40| _ n=fo

Sa~ N(2400.3 ,0-8)

140, = 2401-2400-§ =0.2236 =0.21
‘ID-%

P2 ¢0-22)= 0.587 =S8 -/.




) Sn=?  omea=09 n=§0
Frr ofem=04, 2= |28

for 22128

Sn = Zxr+/u = 2x\ sox0.0] + 80x30.0

CORRECTION

+ To approximate discrete dictribution Cbinomial, Poitton) uting
tontinuous  tnormal) digtribution

Approximations  fox \arge no. of Binomial rials

¢ (Correction: add or subtvatt 0S from discrete wfzaer volue
for wmofe occurofe veswits

Probabimb Discrete Continuous
PLX=n) X=5§ 4G Lx <SS
PLX>n) X>S x>S.5 for continuous,
P(x2n) X2¢ X >4 eqmality moles
plxen) x¢<§ X< 45 no olifference

PLXen) X¢s X ¢5.S



. Ggpinatio,_» Biaria |

© If X~ Bin(np)
* X=Y*Yo bt %Yn where VY, Yq ore sowplec from o

Bernowlli (5)  population

P=X = LitYat 4V, which is alo sampe mean ¥
b n

* Bernoulli(p) popwlation wot mean m=p and voriane 6°= pli-p)
* (entral Limit Theorem (n ¢ (arge)

X~ NCnp, npU-p)

P~ (o, EQn‘J?.) )
+ Thumb vule: np >10 and A (P) > 10

- If X*E'an‘?) and np 210 | n(kP)?\o

X~ N(np, npli-p%)
oW, )




Be. Imagine that a fair coin is tossed 100 times. Let X represent
the number of heads. Then,

X~ Bin (100,9.5)
Imagine that we wish to compute the probability that X is
between 45 and 55. This probability will differ depending
on whether the endpoints, 45 and 55, are included or

excluded.
Compute the following,

I P(45 £ X<¢5%)

2. PLX260)

n= |00 p= o

np= S0 n(l'P') = S0
X~N(s0, 25)

- PC4y.5s ¢ x¢S5S)

e

using coltwlayer, P= 09287 =72.67/.

A X >54.9)

usivsa wleuloksr , P= 0.0287 = | 297/




TLW Appranimationy, T Poigyon “|

* I8 X~ Poisson(2) with lage n ond A>lo
/&K = ) 6-% 3%

X~ N (.?‘ ()\)

87 The number of hits on a website follows a Poisson
distribution, with a mean of 27 hits per hour. Find the
probability that there will be 90 or more hits in three hours.

»=27 >lo vV

X~ NQTxY 27%3)
X~N (80 /Frnm calculodol

withonr
wwu};iU(X?‘io) < 0-(S87 -:IS.‘&'I/-




— CONFIDENCE  INTERVALS

* Ronge of plausivie volues f5r o parameter, based on tample
data

* Differs from somple +o Sample

* Expresced Qs pevcenoop

{
|
I
|
1
o, lower L UPPer ot/
limiY X limit
& 0aS )
confidence
webficient
(-)
| O is d dev of Sapling _dist of
Xtz,, (%) n sample  mean” X

© A5/ conkiden +aad  population parameter in that- range



8. Find the value of za2 to use to construct a confidence interval

with level:
a) 95% b) 98% c) 99% d) 80%

(@ o/ = 157 = 0.0a5 S z=+1.96

(D dfp= 1) = 0.0 5 2=£2A33

@) o2 =05/ =0.00§ D z=t257

@ %z= lo/ = 0.l D 2=%1.28

@a. Find the levels of confidence intervals that have the following

values of zao :
a) Zaz = 2.17 b) za2 = 3.28

(a) Zd./2 > Q- r’ Zdll'g '2-'7
arenz 0.9850 area = 0.015°
~ L= 097 = 97y
®) 2.(/2 > 328 'Z.,g/sz -3.2%
oren= 0.9996 area= 0-0009

v tL=0.491 > 199/

for (T ofp

N4

N
[\}

= Xt

~
n
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&(o. A 90% confidence interval for the mean diameter (in cm) of steel rods manufactured
on a certain extrusion machine is computed to be (14.73, 14.91). True or false: The
probability that the mean diameter of rods manufactured by this process is between

14.73 and 14.91 is 90%.

false. %07/ confidene ot population mean in Hhat- range

ONE -SIDED CONFIDENCE BOUNDS

%/ of
Qf ) of yo]:ulh-\—lm
ulahon preater
(ec: 4han than
008
QS/ ULPPU‘ qS/ (owc(
bound bound

Qu- In a sample of 80 ten-penny nails, the average weight was
1.56g and the standard deviation was 0.1g.
a) Find a 90% upper confidence bound for the mean weight.
b) Find a 80% lower confidence bound for the mean weight.
c) Someone says that the mean weight is less than 1.585¢.
With what level of confidence can this statement be made?

@ z:1128 =) X=128 X01+16 = [§143
3

(b) area=0.1 ) 2< -0.8k =) X= .64 X0 | +1.35 =\.550p
o

©  upper z158S =D 1= \685-156 =925, 9 ¢c= 4¢-7¢7/
0-1/Go



Qi2. Of a random sample of n = 150 college students, 104 of the
students said that they had played on a soccer team during
their K-12 years. Estimate the proportion of college students
who played soccer in their youth with a 90% confidence

interval.

Pelot - 043  n=i0 (B0
(0]

9/ (1= zle§

A

P *165,|plp)
n

0.693 = (S [ 0.693X0.3p7
V Iso

0.64%20.062)

0-6309 to 0-1S¥

— (ONHDENCE INTERVAL fo*  DIFFERENCE BETWEEN MEANS




— Yudmt ¥ - Distribuliogp ——

Q.

Samples of o full population

Laxger sample Size —> normal distributio

Theorerial - proboalality dittribubion — tymwelvical, bell - shaped,
timilar to  tkandacd norwal warve

* Degrees of freedom - another parameter

df = Sample sne -|

As df inoreaces, approaches Standard vorma) ditkribution C(ofter
af =30, almott identical)

¢ 4-gcore (alculoted like 2-¢core

© The quuMi%U X-u hag  a t-distribution with n-l 4l
S/m

A random sample of size 10 is drawn from a normal distribution.
a) Find P(t >1.833)
b) Find P(t > 1.5)
o =9
@ P(+71.833) = 0-.05

() P(£715) = b/w 0.05 and 0.10



8. Find the value of tn-1, a2 needed to construct a two-sided
confidence interval of the given level with the given sample size:
a) 90% with sample size 12
b) 95% with sample size 7
@ df=l | orea=0.05
t= t1.796
(B df=6 | avea= 0025
£zt 2447

’

Note: if population standord deviaton i tnown, and it
own to come fram noymal  dlcvibuhion, use 2 and not &




