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Outcome - vesuke of & single rial i On  Experiment

tvent - Collechion of  outcomes of an  experiment; subset of
o Sample Space

Somple gpace— set oF all possible outcomes of an  experiment

CONDITIONAL PROBABILITY

?robab‘n\i-hd ot A oture ?\vm ot B hat  ocurved i
talled e onditional proball ty of A given B

PCAIR) = P(AOBR) PR) #0
P(B)

Example : In a group of 100 sports car buyers, 40 bought alarm systems, 30
purchased bucket seats, and 20 purchased an alarm system and bucket
seats. If a car buyer chosen at random bought an alarm system, what is the
probability they also bought bucket seats?

P(oucket | alavm) = P Chucket 0 alarm) 20 =0
Plalarm) 40

\]




Murually exclugive events

* N0 oMmmon owrtomes
* PC(AUB) = PLAD+P(B) if A ¢ B ore mutually - exdusive
events

Random Variables

Rondom variable
*© owrcome of an experiment &uprested 08 o number

+ odample: n0. of heads In & Seriee of 3 in tosses , number
of girls born in & deliveries ete.

random variables

O

distrete wntinuous

allln,

« 8¢ it finike or « 88 i uncountably

counoble infinite
Plo <X < b) + PladX¢h)
b
= 2 {0 = f £0) dt
altlh

1N




PROBABILITY MASS FUNCTION /PROBABILYTY DISTR\BUTION

p(x) = P(x=2)

X = yandOm varioble
% = value of rxondom variabe

Q%'. 'P(‘)_) = P(x=2)
D 0L plo) ¢

D) & p) =)

Gh-  The number of flaws in a 1-inch length of copper wire varies from wire
to wire. Overall, 48% of the wires produced have no flaws.39% have one
flaw. 12%have two flaws and 1% have three flaws.

Write the Probability distribution of X, where X represents the

no. of flaws in thewire.

let X=no.of flaws ond PLK) be the peobolility of no. of

Raws
X Pcx)
o} 0.48
\ 0.29
Q 0.12
3 0.0}

.00



CUMULATIVE  DISTRIBUTION FUN CTION

. Probab'\li&g Mot random variable is  lecs Ywan or egual
‘0 o «5wm vo\ue

C R= PXen) = 4 pw

2142
0. for Q2, write cdf

X PIx <)
o) 0.4
| 0.47
Q 0.99
3 (.00

MEAN of DIS(RETE RANDOM VARIABLE

* let Xbe a DRV with ?mbab’\\i’fg Mags Funckon  plx) = Px=1)

* The mean of X i gven oy
My = é’, % PX=2) over all possible X's

VARIANCE OoF DIS(RETE RANDOM VARIABLE

6 =& (T-pd PX =)
x

0’)'39 ; .x?’ ?(ng) ,/'\x‘l.
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A resistor in a certain circuit is specified to have a resistance in the range 99 Q-101 2.
An engineer obtains two resistors. The probability that both of them meet the spec-
ification is 0.36, the probability that exactly one of them meets the specification is
0.48, and the probability that neither of them meets the specification is 0.16. Let X
represent the number of resistors that meet the specification. Find the probability mass
function, and the mean, variance, and standard deviation of X.

X PCX)
0 0.16
f 0-4%
L 036

e = 048+ 072 =190

()

o= O atPlx=n) -met
(0.u48+ ux0-36) - 120"

1.92 - 1.4y =0.4%
5;% 0-4¢

(1)

‘\

Oy = 0.643

I’roba\o'\\i’r& Histogram

* PMF can be vepretented ac o Ns’fog(om\ for discrete
volues

* Prea of o Yecrange enfered of « 18 P(X=20



Continuous Random Voriables

* deseribed by o density wrve Cprobability dentity funttion)

Height of North American Men

Average

Very Tall

4

# of People

Very Short

74
76
78
80

T
o ™~

Height (inches)

Probavility Denity  Function
fo0) = pok

00
jccao dx =|
-00

PlacXgh)=P(acxsb)=P(a ¢XCb)= Plalxcp)

bP
B2 () dx
! X




A hole is drilled in a sheet-metal component, and then a shaft is inserted through the
hole. The shaft clearance is equal to the difference between the radius of the hole and
the radius of the shaft. Let the random variable X denote the clearance, in millimeters.
The probability density function of X is

_ 1.25(1 — x%) O<x<1
fx)= {O otherwise

Components with clearances larger than 0.8 mm must be scrapped. What proportion
of components are scranpped?

1 1 1
0 0.2 04 0.6 08 1

FIGURE 2.13 Graph of the probability density function of X, the clearance of a shaft.
The area shaded is equal to P(X = 0.8).

Las (-xY) dy = |Lasx - l.a{a.‘]‘
—=

@ |
P(X>0.8) = j'ﬂx)dx :
03 0% 0%

= 0.0819)

Q¢ find WF for obove examyle

x

) = [ £6) Ak

-

W x <o,

€
P(‘X.):jo =0
-%



& 0Cx ¢

L8 X
) —,J LasCl-¢) At = 1.as [t 'if] = lagx— 0.2ca’
0 * Yo
Wz
| %
Fx)= 0+ ‘(“ﬂo\*f f 0de  =I
0 (
0 Y
Fl)= l.agx - 025> R O<x ¢
\ , X2
Plor of F()
| + >
0.7+
0.S0
025t
| 1 | |

m

0 0.2S pfo OIS |



MEAN of ConTinvovS RANDOM VARIABLE

o\so called expected  value

X | e [ 2 ) d
-9

VARIANCE 0F CONTINVOUS RANDOM VARIABLE

™

o3 - J‘ (x- /u@l £0x) ox
-0

&9
A f 2 dn -y

-

§1. For By find I ox , Ox

l

= I.Qs(\-w.")x dt = 5 = 0417
e | :

0

\
o2 . [1as(x2-2*)dx ’/“x‘ = § -2S = 0.0645
al 4y
°

6;‘ = O.Qsl"



PERENTILE & MEDIAN of (RV

Pertentile
%

F(‘l?) = P(_Xﬁl‘b < j‘P‘PC’I)dIL :__P__

loo
. -0
r*h ymen’n\e_

p /- of the dittcibution lies below %

Medion
let ¥he medion be A

Am
Hoy): PCXEE) = ( fo)dy = 0.5

-

S0/ of the dittcibution lieg below am

S0/

$by/- Am



08. For & vandom variable X,

o= { ex® déack
O 0therwite

@ Whot vale of ¢ wokes i o legitimate probability digk?
() What ¢ P(Xx>3)
(© Wnat s P(X€2.7)
@) Wedian
(&> ™Mean, variance
& wf

. 4
@ fﬂx)o\'x =l D [ e dy = |
-00 Q

1}
=4 =1 > o= ) —= ’ AEXLK > else 0
20 60 0

o0 Y
)  Px>3) = jﬂx)dl z J_’L_’ dx = 0.729
6
3 3
0

27
@ PLx£21) = J‘gh 2 0.
A 60



@O Medion = m

we now A, mutt lie biw A% & as 100/ of the dota

lies ‘v hat rowy

An *"'\

O-S'Bj‘idx ;._['L"]
A 60 60%4 -3

0 = ["(m" - 1]
%6 = Ay

Aen = 305

@  mean, variane

(1]

g
f" d = :zqs-ssl
a

(N J dn - 24 = SL (2'-\& = 0-26b
60
2

x

L) - 4
@ cd(—'=2':o dt - _[_H GLD(}; 4)

L& : 0D
w>4 |

[ Q328Y]



LINEAR FUNCTIONS of RANDOM VAR\ABLES

D Addition /Subtrackien

X — X +C

C e e
. o_x?._) 6;:.

2) MuMiplicaion / Divigion

X = ¢X

. /‘\x""—/’\/\

. s;: '—7626-):

3) Llintaf (ombinakion of Random Variobles

Y= 0% + o)k + - - 4 080¥n

/”\)' = “l/"ﬂ t qz/"‘f:. - % Qn/"lﬁn

: =X, -
i

6\1 > b',"@b'h



Ba. The molarity of a solute in solution is defined to be the number of moles of solute per
liter of solution (1 mole = 6.02 x 10> molecules). If the molarity of a stock solution
of concentrated sulfuric acid (H,SOy) is X. and if one part of the solution is mixed
with N parts water, the molarity Y of the dilute solution is givenby ¥ = X /(N +1).
Assume fhat the stock solution is manufactured by a process that produces a molarity
with mean 18 and standard deviation 0.1. If 100 mL of stock solution is added to
300 mL of water, find the mean and standard deviation of the molarity of the dilute
solution.

t
/Ax'— I8 o6x=01 06y =00)

‘/’.’i_ 5) /'\y—_l_rﬁ_ 45 6?['221. 3 by = 0.0as
16

- W%dlm 44 T
D'STNBUTED VARIABLES

« TF X ,Xp,...,Xa are independent variablec all with identical
distributiont, fhey ave 11D variables

* Same mean g variowe bwk outcome of one bbservation does not
offect owkcome Of others

* oy dice voling, easino games, coin towing et
Blo. If X ¢ Y are indepenclent variables and €00=95 ) €63,
SDCX)= 04 and SD(Y) =0., find wmean 4 SO of e Fo\\ow'\na
(0) 3X =7 = Mp= 3rqQ5= ass» = 3x04 <%

(b) Y-X 22 9 m, =509, loq‘w\‘ = (0%

©) X+4Y =T 57 puy- Q.S«l-l;x(,.s..u,.'], 5 = {0+ k0" = @F



Chebughev's  Tnegualihy
V v J

* The probab'\\i’rn ot & vondom  varioble differs hom s

moan by k “standard deviafions or more K wever gronter
Yaan Vi

P( IX—/wc.l > koex) £ _{t Conly k>1)

© pr leack -1 of dota mwust fal with lc ttandacd devs.
\,_l.

¢ fox K22, \-\JK’= 3)4 =15/ or ok least 75 ) of datm within 2 SDs

PROBABILITY DISTRIRUTIONS
Bernovilt distribvtion

Bernoulli Trial
. sing\e frial
* & ouflomes: Success or failure
» PCsucces)= p and P(failure) = I-p=q,
© 29 'Pliyping\ & Coin

for any random variable % Cprobability mats fundim pt0)

X=] W Success occuxs, probokility <p
X =0 ¥ faillure occurs, Probab‘u\i =|-p

ten X~ BemoulliCp)

pl0) fov any X ¢ 1017>0



Mean ¢ Variance

I X~ Bernowi(p)

Mean

[
ﬂx’,{-}, xplx) = 00-p) + L(p)

pocP

Vavriance

6% < f:,'o (‘x'/M)Lp(‘JL)

t—

] |
= 20 ) ¢ G (M"--'l/xx') pl0)

x>0

l [ -l 1 \

- 1 2 (I N ]
3 _éom pbo + /,t:‘é;y(z); é}u‘gox P(z)l
\3 ( == ——\_)/A,

2 _ .2
'éa'x, plo) M

0" (i-p) + 1*(p) - p*

1)

P-p* = p(-p)

6% = pLi-p)




bunomial disStvibwtion

« n Bernowlli Yrials

» Probability of swccess vemawne the game for eath 4rial

X~ Binlnp)

Proba\d\\‘\&& Mags  funttion

P(x=2)= no. of arrang ements of x Successes W w )r~r'\o\\ss-‘>"(l—-p)mL

n! PI (\’P\“n‘)L x=0,1,..,n
P(x):(’()(=x)= xl (n-1)1

Y otherwise
Ou. Find pmf of X~gin(10,0.%). Fnd P(X=$),

n=10 P:D-’-i'

pay= {101 o4t 0k
Go-x)t !

Plx=5) =pls)=__lo! 04 0.6° <= 02007
51 5!
Mean ¢, Variance

M= np ot = npli-p)



G12. Ten percent of the components manufactured by a certain
process are defective. A component is chosen at random. Let

X =1 if the component is defective, and X = 0 otherwise. What
is the distribution of X?

p= 0.  Cprobability of Swecest)

X ~ Bexnoulli C01)

6. A coinis flipped 10 times. Let X be the no.of.heads that
appear. What is the probability distribution of X?

X~ Binomial ( 10,0-5)

—— fomple pupoiim——

- Eshimoted value of p

’P‘ - X X: no. of successes
n n. no. of  4rials

* Not equal Yo p; jusk an esimate



Q. A quality engineer is testing the calibration of a machine that
packs ice cream into containers. In a sample of 20
containers, 3 are underfilled. Estimate the probability p that
the machine underfills a container.

UNCERTMNTY w SAMPLE PROPORTION

« Bia¢ oand uncertai n’dj
uncertai nyy

umer’m'm’r” = 67[,

0y = ‘lnp(\'p)

A
P—
& ~ 6 = Jx

n
V\;;L\;g')
n

;lxo\ S \X

=
"
12

% = (#4B)




Biog
wnintentional fm/ouﬁns of one owkcome over e other
n e ?opu\a’rion

expecred value -fwe value
ep) -9
M P

Mp= Mg v B = p =P

biag = P'P =0
bias =0

B1s. A quality engineer takes a random sample of 100 steel rods
from a days production, and finds that 92 of them meet
specifications.

1. Estimate the proportion of the days production that meets
specifications.

2. Find the uncertainty in the estimate.

3. Estimate the no.of.rods that must be sampled to reduce the
uncertainty to 1%?7

L p=22 =042 3. 0.0] = ‘/0.921:0-0!
100 n

a- O‘?: 0.92x0.08 = 0.07
100 ne= 736



Q1s. The safety commissioner in a large city wants to estimate the
proportion of buildings in the city that are in violation of fire
codes. A random sample of 40 buildings is chosen for
inspection, and 4 of them are found to have fire code violations.
Estimate the proportion of buildings in the city that have fire
code violations, and find the uncertainty in the estimate

%= /o.lxo.q =0.047
)

SAMPLING D\SeTKI BUTION

4’0\””/’&' low;w’ﬂ%m

© A0 inoenses, Samgling  ditivibuien of § becomes move
normal

o Moyt accurode when p is clote Yo 05

mean =/I\F > F




———Pinan, Dibiblio, ——

* Ocurences of a rvare event during o specific interval  C¥ime,
disrance, avea, volume

* Frequeny of succesces Clow frequency, large population

. APPfof\moc\ion of Binomial Aittribukion with large n and tmall P

Bii. A mogs  rtoint 10000 okom< of o vodwochive subgtance -
The probability that o oven ofom Wil decay w 0 one
minue  peviod € D.oood. Let X vepresent ‘Me vo. of atpms
Hot decaw n 1L min. Weike oS Binomial dithvibubion and

£ind  wean,
X ~ (10000, 0-0002)
mean & M = (10000) Co-0p02) =2

T n dowges 4o 5000 ond P chov\%es o 0.0004. Let
Y = rondom  Vafiable.

Y ~ (5000, 0.0004)

/(AY = SHOOX 0.000&= A

e produck np for X Y are the Same.

199
PCx=3) = (0000] (0-0002)° (02298) ' = OL8okssm9)
31 2497
' 4997

PCY=3) = _sp00I (0.0004)° (0.2%6) = OI80ARZI4Y
3l 4971



* For large n and tmall p, wWe let A=znp

— ¢
e a

n-x
nl Px(l—p) &
ANGE D) x!

Poiseon distribukion

e i , X i non-negodive int-
P = Plx=md= | ™

0 , otherwise

X~ Poisson ( A)

mean = fa =2 varione= §p = A
per unit (freq)

B18. If X~ foisson (3), tompute PCx=2), P(x =l0), PLX=0), P(Xz=-D and
P(X=0.5)
P(X=2)= e _3 -0.214
a!

D o
P(X=10) =e”3 = 0.0008
101

Plx=0) = C'l’: = 0.0498
o]}

Px=05)= PLX=-1) =0



Q. If electricity power failures occur according to a Poisson
distribution with an average of 3 failures every twenty weeks,
calculate the probability that there will not be more than one

failure during a particular week.

A=2_ folures o week
a0

P(not more Haan V) = P(x=0) « P(X=0)
A%
P(x-2)= e A
xl

<) ) _ ]
P(x=0)= e fao Gl + e,shb (3/20)
o

I

;

-3f20
: e (H 3 ) - 09848
20

ttimate o Rode

_events

n
A= X
+t — Yime



oncertainty &  bias

bias

DISTR\BVTION
* houstion disteiowkion [ Bell wrve

* Mean m and Stondard deviotim ¢

NormacL olis4ribution

pol(?
..(‘x_!nz
fx)=_\ o Q6 for —0dx ¢ o0
s{zn

Hgymaf ————



Pny volue s ~b&/ likdy o be within | andard
deviation of the mean (m-o, u+to)

© ~45) likely fo e within thandard deviohns of the
menn (/4'9.6‘, /4-1—20-)

¢+ ~20.7-/) likely ko be within 3 standord deviahins of
the mean  (u-3o~, pt3c)

MM NORMAL DISTRIBUTION

Normal distribution with =0 ond o=

« Rondom variable: z ~N(O,D

* Probabilities colculoted by wsin Noantformalions o the
ttandard normal variate 2 “""\6 2-table

X~ N(/A, o)
si-ano\aro\i!if\o

2= %-m |¢  z-scores

Z ~N(o,N




1- table

0 z
z 000 0.01 002 003 004 005 006 007 008 009 z 0.00 0.01 002 0.03 004 005 006 0.07 0.08 0.09
0.0 | 5000 .5040 5080 .5120 5160 5199 5239 5279 5319 5359
—3.6 | 0002 0002 0001 0001 0001 0001 0001 0001 0001 .0001
35| 0002 0002 0002 0002 0002 0002 0002 0002 0002 0002 0.1 | 5398 5438 5478 5517 5557 5596 5636 5675 5714 5753
0.2 | 5793 5832 5871 5910 5948 5987 6026 .6064 6103 6141
—3.4 | 0003 .0003 0003 0003 .0003 0003 .0003 .0003 .0003 .0002 0.3 | 6179 6217 .6255 .6293 6331 6368 6406 .6443 6480 6517
—3.3| 0005 .0005 .0005 0004 0004 0004 0004 0004 0004 .0003 0.4 | 6554 6591 .6628 .6664 6700 6736 6772 .6808 .6844 6879
—3.2| 0007 .0007 0006 0006 0006 0006 .0006 0005 .0005 .0005
Z31) 0010 0009 0009 0009 0008 0008 0008 0008 0007 o007  ©O:5 | 6915 6950 6985 7019 7054 C7088) 7123 7157 7190 7224
—3.0 | 0013 0013 0013 0012 0012 0011 0011 0011 0010 .ooto ~ 0.6 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.7 | 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
—29 | 0019 .0018 .0018 0017 0016 0016 .0015 .0015 0014 .0014 0.8 | .7881 7910 .7939 .7967 .7995 8023 8051 .8078 .8106 8133
—2.8 | 0026 0025 0024 .0023 0023 0022 0021 0021 0020 .0019 0.9 | 8159 8186 .8212 .8238 .8264 8289 8315 .8340 .8365 .8389
—2.7 | 0035 0034 0033 0032 0031 0030 .0029 0028 .0027 .0026
26| 0047 0045 0044 0043 0041 0040 00390 0038 0037 0036 1.0 | (841 8438 8461 .8485 8508 8531 .8554 8577 8599  .8621
—25 | 0062 0060 0059 0057 .0055 0054 .0052 .0051 0049 .0048 1.1 8043 8665 .8686 .8708 .8729 8749 8770 .8790 .8810  .8830
1.2 | 8849 8869 .8888 .8907 .8925 .8944 8962 8980 .8997 .9015
—2.4 | 0082 0080 .0078 0075 0073 0071 .0069 0068 0066 0064 13 9032 9049 9066 9082 9099 9115 9131 9147 9162 9177
—23| 0107 0104 0102 009 0096 0094 0091 0089 0087 .0084 14 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
—22| 0139 0136 0132 0129 0125 0122 0119 0116 0113 0110 Tl o ' o o e ' o -
—2.1| 0179 0174 0170 0166 0162 .0158 .0154 0150 0146 0143 1.5 @ 9345 9357 9370 9382 9394 9406 9418 9429 9441
—2.0 | (0229 0222 0217 0212 0207 0202 0197 0192 0188 0183 1.6 | 9452 9463 9474 9484 9495 9505 93l3. 9525 9535 9545
1.7 | 9554 9564 9573 9582 9591 9599 0608 9616 9625 9633
—1.9 | 0287 0281 .0274 0268 0262 0256 .0250 0244 0239 .0233 1.8 | 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
—1.8 | 0359 0351 .0344 0336 0329 0322 0314 0307 0301 .0294 : ) ’ k ’ i :
—1.7 | 0446 0436 0427 0418 0409 0401 0392 0384 0375 0367 191 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
—1.6 | 0548 0537 0526 0516 0505 .0495 0485 0475 0465 .0455 2.0 | 9772 9778 9783 9788 9793 9798 9803 9808 .9812 9817
—1.5| 0668 0655 .0643 0630 0618 0606 0594 0582 0571 .0559 21| 9821 9826 9830 .9834 9838 9842 9846 9850 9854 9857
—1.4 | 0808 0793 0778 0764 0749 0735 0721 0708 0694 0681 %g 'gggé 'gggg 'gggg 'ggg} '3%2 'ggz)g 'gggé 'ggﬁ ggg 'gg?g
—1.3 | 0968 0951 .0934 0918 0901 0885 .0869 0853 .0 0823 =1 ; § : : : i 5 : :
42| 1151 1131 1112 1093 1075 1056 1038 1020 0085 2.4 | 9918 9920 9922 .9925 9927 9929 9931 .9932 9934 9936
—1.1| 1357 3141292 1271 1251 L1230 L1210 .TT90 L1170 2.5 | 9938 9940 9941 .9943 9945 9946 9948 .9949 9951 9952
—1.0 | 1587 1539 L1515 L1492 1469 1446 1423 1401  .1379 2.6 | 9953 9955 9956 .9957 9959 9960 9961 .9962 9963 9964
—0.9 | .I1841 .I814 1788 1762 .1736 .A711  .1685 .1660 .1635 .1611 2.7 | 9965 9966 ‘9?"7 9968 9969 9970 9971 972 9973 9974
—0.8 | 2119 2090 2061 2033 2005 I 1949 1922 L1894 1867 28| 9974 9975 9976 9977 9977 9978 9979 9979 .9980 998l
2.9 | 9981 9982 9982 .9983 9984 9984 9985 9985 9986  .9986
—0.7 | 2420 2389 2358 2327 2296 (2266) 2236 2206 2177 2148 E :
—0.6 | 2743 2709 2676 2643 2611 2378 2546 2514 2483 2451 3.0 | 9987 9987 .9987 9988 9988 9989 9989  .9989  .9990  .9990
—0.5 | 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776 3.1 9990 9991 .9991 9991 9992 9992 9992 9992 9993 9993
3.2 | 9993 9993  .9994 9994 9994 9994 9994 9995 9995 9995
—0.4 | 3446 3409 3372 3336 3300 3264 3228 3192 3156 3121
03| 3821 3783 3745 3707 3669 3632 3594 3557 3520 3483 3.3 | 9995 9995 9995 9996 .9996 9996 9996 .9996  .9996 9997
02 | 407 4168 4000 4052 4013 3974 3936 3897 3859 3.4 | 9997 9997 .9997 9997 9997 9997 9997 9997 9997 9998
—0.1 | 4602 4562 4483 4443 4404 4364 4325 4286 4247 3.5 | 9998 9998 .9998 9998 9998 9998 9998 9998 9998 9998
—0.0 | 5000 4960 4880 4840 4801 4761 4721 4681 4641 3.6 | 9998 9998  .9999 9999 9999 9999 9999 9999 9999 9999

Let Z~ N(O, 1) . Find a constant c for which
a) P(Z zc) = 0.1587

by P(c<Z<0)=0.4772

c) P(-c =Z <c) = 0.8664 )

Q) P(2<c)=1-0.1587 =08m3 3 c=100
5) P(2¢e)= 05-04172 =0.0228 =) ¢=-2.00
€) Pz <€)= 0.%6b4x0s =0.9332 D €= LSO

2

A\

\u



B21. The lifetime of a battery is in a certain application is normally
distributed with mean 16 hours, standard deviation 2 hours.
a) What is the probability that a battery will last more than 19
hours?
b) Find the 10th percentile of the lifetimes.
c) A particular battery lasts 14.5 hours. What percentile is its

lifetime on?
Q) P(x>9)
z=14-16 = |5
2
P(2718) = I-Pf(zc1s) =1-0.9322
=0.0668
L) Ovea=0.1
= ~|.28
X= =128 x2+ 16 = -25C+I16
=13.44
) X=l4s
PCX ¢ 14K) =2
2= lec-IL =-0.7¢
2

PCz ¢-05) = 02266 =22.6¢™ percentile



Linear functione 7[ normal vandom variableg

r <

)N

I¢ X"NQA*‘D;:) and Y=oX+th

Y~ N( ﬂ/‘,{*b) oty )

&s. A light fixture holds two lightbulbs.Bulb A is a type whose lifetime is
normally distibuted with mean 800 hours and standard deviation
100 hours. Bulb B has a lifetime that is normally distibuted with
mean 900 hours and standard deviation 150 hours.Assume the
lifetimes of the bulbs are independent.

1) What is the probability Bulb B lasts longer than bulb A?

2) What is the probability Bulb B lasts 200 hours more than bulb A?
3) Another light fixture holds only one bulb. A bulb of type Ais
installed, and when it burns out, a bulb of type B is installed.

What is the probability that the total lifetime of the two bulbs is more
than 2000 hours?

A~N (800, 100*)
B~ N(200, \s0?)

D PCB-A)>0
Y= B-A
Y~ N(100, 1502 1o0*)
Y~ NC 100, 1%0.277%)

2=0-l00 - -3 = -0.5547
\80aM L(EN



P(2>-05547) = |- P(Z¢-0-5547)
= [-0.2912
= 01088

v) Ple-A) > 200

Y= B-A
Y~ N(100, 150 100" )
Y~ N( mo> 1%0.277%)

= 200-[0Q = oo - +0554]
180.27 180.21
P=0.2912

3)  P(R+B) > 2000

N= 6+B
Y~ N(\100, 180-2177)
2= 2000-1700 = 300 = |.b6Y4l
180111 1t0.271
P(29Lbb4)) =1-P(2¢leb4D
=1-0.951¢

= 0.04¢S



— Yudont v - Dubribulionp ——

Samples of o full populodion

Laxger sample size —> normal distributim

L]

Theorerial  proboalality dittribubion — tymwetvical, bell - shaped,
timilor to  tkandacd norwal warve

Degrees of freedom - another parameter

df = tample e -|

As df inoremces, approaches Stomdard normal ditkribukion Cofter
of =30, almott identical)

t-score (alculoded like 2-¢core

8x3. A random sample of size 10 is drawn from a normal distribution.
a) Find P(t >1.833)
b) Find P(t > 1.5)
af =9
@ P (£71e33) = 0.05

(0 P(+21.€) = bjw 0-05 and 0.10



64 Computers from a particular company are found to last on
average for three years without any hardware malfunction,
with standard deviation of two months. At least what

percent of the computers last between 31 months and 41
months?

Lhe\obchev % ‘“%“ﬂ‘“a

/u= 26 monthg
o= L montht

wWWhin Kz 23S SDs

11 = 84+ ok leask
2.s?
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NVMBER GENERATION

© Al assume taat uniform\ua digtributed numbers in €011 evisks

Inverse 4rantform Fedhnigue

cdf v HX) where X it e rondom variable

Sef H0) =R where R s o un\{’wm\“ dismbuted random
variable ‘n [o,l)

« Solve FOXD =R fox X in termg of R Cin vange of X)

* Generate  uniform vandom aumbers R, R, Ry... and compure

X; b\d

X, = F_‘ (Rt)




Qas. (enerate RV foy %ivu\ wf

0, L Ca
x-a . 6 <x Lh
Hx) = b-a
\ x2b

Rorge oF X: [a,b]

R= X-a
b-a
R(b-a) +a = X wheve e o)

X, = 0+ Ri(b-a)

Gienerakion  of  Bernoulli RVY

plx=D =p
P(Xx=0) =1-p

« A Bernoulli WV can on\\é fake wp A valmes (0 ondl) ond
he Probabi\i’rg of 3e\+in& X=l € p

¢ benerate UV from v (0,))

TV Sy, K=l jeke X=0



GeneroXion of Rinowial RVe

PlX=1) = (n) P a-p
L

: n-
Pix=9 = "( pt (-p) for i Swccetses in n independent
Bernoulli  4rials

* Oenerate n Bernowli(p) RVs (using the tochnigue  shown  above)
Yiy Yoy Ya,...¥a

hd Se;\' X= Y("'\,;f .. +\'ﬂ CSWV\ 0(: n urﬂolk“t P\VS)
« Tf Yi= 1, number of succectes owt of w  wcremses

0n
+ Total no. of Successes = .,5_:' Y;
e

Generakion of TPoisson RVs

X~ Poitson (A)

PX=i): A e i namber of eventt in o unid
ol time interval
* (Generate  exponential inter-event times Yoy Yo oo with mean |

* lek I bo the Smallett index Suth  Yhot



I+

_Z; i 7 A
t=|

* Set X=1

°

Steps

Generare VoD RVE Uy, L, -.
let N be e twallest  index fuch Vot

N«|
Ty ¢e?

=l

Set =0, P=]

Generate  U;. from ulo,) ond replace P with PV,
I ¢ <e”‘,accep’o N=i oand go %o thep .

Else, veject N=i and increment i and veturn to skep 2

N+

Upon completim of step 3, |P= T\ U

(2]

If N=n, fhen n+l RVe ore reguested. o, the Oweroge
number @vm oy EON+D) = At



82¢. Generare 3 Poisson variates with mean A=0.2 foy the
random numbere  R= 0-4357, O.41ab, 0.8353, 0.9952, 0.8004

-2 -0.2
e e =048

I Por X,
iz0 , P=| , R=0-4357

)

@ P=0-4351x] = 04357 ¢ 0.9137
() Acce?{' N=0

L fur X,
iz0, P=1 R=0-4l4L

)

(00 P= 1x0.4ikb= 0.4Iyb < 0.8187
(e Accept N=0
) K20

3. Fof Rq
(=0, P=1, R=0.835% R,=0.4952, Ry>0.8004
() P=1%x0.836% = 08353 > 0.¢137 X (=0
(0 P= 08353%x0.9952= 08313 > 0.9187 X =/
@ P= 0.8312 x0.800% = 0.bbS§ £ 0.4187 v (=2
@ Accept N=2
(ey ‘ﬁg, =

Poisson numbers : 0,0, 2



Gieneration  of Novmal RV

©IF X~N(O), 4ne pdf of X i

T s

E2

e

/2 - parabola

o

let o function +x) wajevite pdf fu) = £ s NOT &
dewntity o
) = ) ¥ ¢ [+o0de > 1)

-

k(x)

£00)




* total Oven

Ja%) c©
¢ = jt('x,)olx, 2 K?cﬂo\t =
- -QQ

However | |tx)| it a demiﬂ
c

let g00) =tl) o) 0= Cﬁlﬂ
(O

* IF XK~Nlo), e pdf of |X|ie
%C‘x')

Xl

0= 2 ¢ #x)

2
an

let  gtx)= e e :
\I T 0

L Generade  exponénHal ¥ with mean |

2. benerate V from  Ulo))
3 I U e ppept Y

Sreps

£0) < ¢
90Y)
tle, 9o to aep |

4 Rexurn X=Yor x=-Y wity ?roba\o‘dﬂ\o 0-§



. Box-Mullec Tromeform  teomtfsrme from & dwo - dimensimal

untferm  disviburion 4o 0 two- dimewsional  ivariate neymal
dittvibution (cowilex wevmal  dithribution)

I€ U, and U, are independent RVe from U (0,0

A Timo, oty | e Ao el i

normal  dithiowhin
.= \]’7- n U| 3(./ﬂ L?—T\Uy)

. ?’\3 go\v'u\d for U, and U,

2 rede imo, 2= 4anOnU)

2

“f}V\ U| < 747'+7.37'

2 nu,-= ton™ (’2_;)
Y
-(u‘ﬂ,‘,}
z r
=] e UL=_|__£an"4_2;£)
2n ey

. Ta\dna e Jacobian 3(0\2\’»)

22, ,2.)
dL 0 2y )y
o I e AV e
DV 9Y, P Ll
2y on



Q27. Suppose +he height of odult males n o certain orea
V\ﬂvmll dittributed with 0. wean of b8 ewm ond o Sroanmdard
de,vw\hs/‘? of Sem. Simnlate the hei@hl— of ¢ odulte

X~ N(les, 8*) peleg
=8
1= X- n=Y4
._3_,_&

+ We firct %eherak cond 2 values

7= J—Qomwp et (2n Vy)

Lt Uy = 0.2432 |, Up= 0.5y

z‘ 2mi0.2432)  Ls(2nx 05114)
= -l-6bb

X = 7..7<6‘+/4A = -lbbbxg + 168

¥ = €467 um

let- U, = 0.8421 |, U, = 0-6232

2,5 \-2m(02921) W (A% 0.6280)
2, = -0.%ul]

X‘L > 155.9.7 twm



let U= O-442) | Uy = 0.0012

13> \I-Z W (0-uy)) A(2m X0.0012)
23" |-‘Z176

K; z 718972 um

Lek U, = 04421 , U, = 0.7324

Zg= -2 W(0.992)) cop(21x0. 70D
2y -0.013%9

Xg = 167.49 em

G3s. duppose fhe mo. of Shipmewts, x, on the 1oodi

dode of o
COM\)ar\\d & either 0,1 sr 2. Generate RVg gjven V= 0.23, 0.52, 0.8,
0.%4%
P ) Cdiscrete RV — irwevse)
0 0.¢ O.€
| 0.% 0.8
2 0.2 -0
let LV~ UCo,D
0= 0.3 = V<052 K=0
0 vios

U, 0s13) bsecviol =) Kq=l
=41 DSLVU <ol Uy= 081 1>0.§ D Ky=2
1  USos Ug = 03¢ D UC0.S ) Xg=0



