
B.¥Ea¥¥i¥hE÷⇐¥
DATA SCIENCE

UNIT-2
feedback (corrections : vibha@pesu.pes.edu Vibha Masti



Probability
Outcome - result of a single trial in an experiment

Event - collection of outcomes of an experiment ; subset of
a sample space

sample space- set of all possible outcomes of an experiment

CONDITIONAL PROBABILITY

Probability that A occurs given that B has occurred is

called the conditional probability of A given B

PC AIB) = PCA AB) PCB) to
PCB)

Qi .

PCbucket I alarm) = P (bucket n alarm) = 20 = 0.5
-

pcalarm) 40

= 501 .



Mutually exclusive events

° no common outcomes
° PCAUB) = PCA) t PCB) if A Ee B are mutually exclusive

events

Random Variables

Random variable

° outcome of an experiment expressed as a number

• example : no . of heads in a series of 3 coin tosses
,
number

of girls born in 4 deliveries etc
. .

random variables

discrete continuous

" ' i
N

° SS is finite or ° SS is uncountably
countable infinite

° Pca CX C b) o Pla CX Lb)

b

= E f-Ct) = f f-Ct) dtactLb

a



PROBABILITY MASS FUNCTION /PROBABILITY DISTRIBUTION

pcx) =P(X
-

- x)

x = random variable

x = value of random variable

eg : plz) = PCx -- 2)

D OL pcx) Ll

2) E pix )
-

- I

02.

Let X -- no ,
of flaws and PCX) be the probability of no . of

flaws

X PCX)

O 0.48

I 0.39

2 O - 12

3 0.01

1. 00



CUMULATIVE DISTRIBUTION FUNCTION

° probability that random variable is less than or equal
to a given value

° Fca) = PCX Ex) = E pH)
+Ex

03
.

For Q2
,
write Cdf

X PCXEX)

O 0.48

I 0.87

2 0.99

3 l - 00

MEAN OF DISCRETE RANDOM VARIABLE

• Let X be a DRV with Probability Mass Function pcx) -- PCX -- K)

° The mean of X is given by

µ× = § x PCX-- x) over all possible x's

VARIANCE OF DISCRETE RANDOM VARIABLE

0×2 -- § Cx-µ×5PCx=x)

0×2=>4×2 pcx -- x) -mi



94.

X PCX)
O O -16

I O -48

2 0.36

µ×
= 0.48+0.72 = 1.20

of
'
= Ex' Pcx-- x) thx

'

= (0.48+4×0.36) - 1.202
= 1.92 - 1.44 = 0.48

5×2=0.48

ox = 0.693

Probability Histogram

° PMF can be represented as a histogram for discrete

values

° Area
.

of a rectangle centered at x is PCX -- x)



Continuous Random Variables

° described by a density curve (probability density function)

Probability Density Function

f-Cx) = Pdf

N

f fu) da -

- I

-A

PC a EX E b) = PL al x Eb) -- Pla exc b) = Pca LX Cb)

b

= J flu) dx
a



Rs
.

PCX > 0.8) =

,
.gg?fGDdx--o.fgl.25Ct-x4)du--fl.25x-l.2sI5J

"

0.8

= 0.08192

06
.
Find LDF for above example

x

FGC) = f fct) dt
-

if x EO
,

X

Fla) = JO = O

-D



if O CK l l

Flat 1.254 -t
")dt = 1.25ft -tf )! = 1.25 x - 0.25ns

if a Z l

l k

FCK) = Ot ffltldt t J O dt = I

O l

Hak { i.af; - oasis ,

'

o
I
,

>
x I 1

Plot of FCK)

I - 3

0.750.500.25
-

<
o o!25 o!so Otis !



MEAN OF CONTINUOUS RANDOM VARIABLE

also called expected value

A

ECX) --Mx =

µ ×

-
- f x fbc) da
- A

VARIANCE OF CONTINUOUS RANDOM VARIABLE

A

0×2=1 (x -µ×5 fix) dx

:
0×2=1 x'fix) da - Mei

- a

07 . For 95
,
find Mx , Ox

'

, Ox

Mx = § 1.25 ( I - x") x da = ,5z = O - 417

of = of
"

1.2542 - xb)dk -Mx
'
= 25T -1245-4=0-0645

ox = 0.254



PERENTILE 4 MEDIAN OF CRV

Percentile

xp
Flap) =P (Xf xp) =/ flu)dx =#
/ 100

pth percentile
- a

p y . of the distribution lies below
xp

Median

Let the median be Xm

Xm

Flam) = PCXE Xm) = f fu)du = O -5

- a

501 . of the distribution lies below am

in"
I i

501.
Xm



08 . For a random variable X
,

cx3 2 En E 4flu) -- { o otherwise

(a) What value of c makes it a legitimate probability dist ?
(b) What is PCX > 3)

(c) What is PCXE 2-7)

(d) Median

(e) Mean
,
variance

(f) Cdf

a 4

(as ffcxldx =L ⇒ f cat doc =/
- A 2

c I
"
- I

2

c (44-24)=4 ⇒ cc 256-167=4

C -- I =L ⇒ fix) = {IOI , 2 EXE 4 ; else 0

240 60

(b) PCX>3) = {foodie = !# da = 0.729

2.7

(c) PCXE2-7) = JI da = 0.155
60

2



(d) Median -- xm

we know xm must lie b/w 244 as 1001. of the data
lies in that range

Xm
dm

us. I du -

- f.fi#
a

2

120 = ( Xm
"
- 16]

136 = xm4

Xm = 3.415

(e) mean
,
variance

4
4

Mx = JI da = -248 = 3.31
60 75

2

ox? !
"

du -HII)
'

= If -44,15--0.266

Cf) Cdf = ! dt=f[ tf )! = to ¥4 - 4 ) ( 212147

-

X t 2 : O

x > 4 : I



LINEAR FUNCTIONS OF RANDOM VARIABLES

1) Addition /subtraction

x → Xtc

° Mx → Mx -1C

° of → ai

2) Multiplication / Division

x → ex

•

Mx
→

CMX

u r, → are

3) Linear combination of Random Variables

Y = a , X, t azxz t - - - t anXn

My = a ,µx , t azfhxzt . - - t anMxn
oh
, = af of , tap of, t . . . tank

eg : Y
-
- X

,
- Xz

54 = 0×2
,
⑦ oxi



09 .

µ×= 18 Ox = 0.1 0×2--0.01

Y -- ¥ ⇒ My = 141=4.5 ; of=0 ⇒ cry = 0.025

IndependentgtfdentieallyDISTRIBUTED VARIABLES

• If X
, ,Xz , . . . , Xn are independent variables all with identical

distributions
, they are HD variables

° Same mean by variance but outcome of one observation does not

affect outcome of others

°

eg: dice rolling, casino games , coin tossing etc
.

910 . If X Ee Y are independent variables and ECX) -- 9.5
,
ELY) -- 6.8

,

SD CX) = 0.4 and SDLY) = 0.1
,
find mean by SD of the following

(a) 3X = 2 ⇒ Mz = 3×9.5=28.5 , Oz = 3×0.4 = 1-2

(b) Y - X = 2 ⇒ µz =
- 2-7

, Oz = 0.42-10.12 = 0.412

(C) Xt 44=2 ⇒ Mz
-
- 9.5+4×6.8=36.7

, of = 0.42-142×0.12 = 0.566



Chebyshevlstnequalityu
the probability that a random variable differs from its

mean b k standard deviations or more is never greater
than 4k¥

PC lxyuxl Ikon) Efg Conly k > l )

° At least I-L of data must fall with k standard devs
.

KL

• For K --2
,
I- 1/15=3/4--751. or at least 75-1. of data within 2 SDS

Discrete
PROBABILITY DISTRIBUTIONS

Bernoulli distribution

Bernoulli trial
. single trial
° 2 outcomes : success or failure
° PC success)=p and PCfailure) = I -p

-
- q

•

eg flipping a coin

For any random variable x (probability mass function pix))

X =L if success occurs probability =p
x -- o if failure occur's

, probability =L - p

then X - BernoulliCp)

pcx) for any x El 10,13 -

- o



Mean q variance

If X ~ Bernoulli Lp)

mean

µ× = . xpCx) -

- O ( t - p) t l Cp)

Mx =p

Variance

of = ¥o (x -M) ' pix)

-

- Io x'pix) c- Io ful- qua) pix)
-

- einen. -in II iii.II :
↳M

= fioxplu) -m2
= 02 ( I - p) t 12 Cp) - p2

= p - p2 = pl t-p)

of =p ( I- p)



binomial distribution

on Bernoulli trials

• Probability of success remains the same for each trial

X - Bin chip)

Probability Mass Function

PCX -- a) = no .
of arrangements of x successes in n trials -

p
"
CI-pi
"

pix) : PCX
-
- x)=/ a.cn?a, ! P

" "-PY
"

x
-
- 0,1 , . . . ,n

0 otherwise

All . Find pmf of X- Bin (10,0-4) . Find PCX -- 5 )
.

h = IO p
-
- 0.4

""' '- { go.hfj.gs , 0.4
"
0.6
""

PCX -- 5) =p (5)
= 10 ! 0.450.65 = 0.2007

5¥
Mean q variance

µ = rip 02 = nph- p)



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

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?

012 .

p
-

- 0.1 (probability of success )

X N Bernoulli CO -D

013
.

n -- IO p
-
- O -5

X~ Binomial (10,0-5)

Trample proportion
° Estimated value of p

f = Xp x : no . of successes

n : no . of trials

° Not equal to p ; just an estimate



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.

014.

N -- 20 § = HI = 23-0 = 0.15 = 15-1.
X =3

UNCERTAINTY IN SAMPLE PROPORTION

° Bias and uncertainty

uncertainty

uncertainty = op

of = npcl-p)

p -

- NI

op = oxen = one

of = npcl-p)
n

op = pH - p)
h



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%?

Bias

unintentional favouring of one outcome over the other

in the population

expected value - true value

Ecp) - p
MI - p

up = Men = the = rye =p

bias =p - p
-
- O

bias -- O

015 .

I
. I = 91 = 0.92 3

.
0.01 = 0.92×0.08

100 n

2- Ep = 0.92×0-08 = 0-027

100 n = 736



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

016 .

n -- 40 X -- 4

p -- xp -- fo = ol

og -- 0.1%0-92 = 0.047

SAMPLING DISTRIBUTION
OF THE

sample proportion
° As n increases

, sampling distribution of I becomes more

normal

° Most accurate when p is close to 0.5

,

I
mean --up =p

y
'

"

,

!f of = PIP)

values off



Poisson Distribution
• Occurrences of a rare event during a specific interval (time,

distance
,
area

,
volume

• Frequency of successes ( low frequency , large population)

°

Approximation of Binomial distribution with large n and small p

917 . A mass contains 10000 atoms of a radioactive substance .

The probability that a given atom will decay in a one

minute period is 0.0002
.
Let X represent the no . of atoms

that decay in 1 min . Write as Binomial distribution and

find mean
.

× n (10000,0-0002)
mean is M× = ( 10000) ( 0.0002)

-

- 2

If n changes to 5000 and p changes to 0.0004
.
Let

Y = random variable.

Y n ( 5000, 0.0004)

My = 5000×0.0004=2

The product np for X Ee Y are the same .

9997
PCX =3) = 100001-(0.0002/310.9998) = 0.180465091

3! 99971
.

4997

P ( Y =3) = 5000-1 (0.000473 ( 0.9996) = 0-180483143
3 ! 4997 !



° For large n and small p , we let X
-

- np

x ! In!a, ! P
"
" - pin

-"
e e

-

x !

Poisson distribution

pix) =pex -- x) = {
E
"

?÷ ,
K is non-negative int

O
,
otherwise

Xu Poisson ( x)

mean
-
-Mx

-

- X variance -- 8×2 -- X
per unit (freq)

018
.

If X- Poisson (3)
, compute PCX-- 27

,
P CX -- 107

,
PCX -- o)

,
PCXI -D and

PCX= 0.5)
X =3

PCX -- 2) = e-331=0.224

:
P (X-- lo) = e-3-3 = 0.00081

10 !

PC x -- O) = e-3oz! = 0.0498

PCX -- O
.
5) = PCX= - l) -- O



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.

019.

X --÷ failures a week

P (not more than 1) = P CX --O) t PC X-- D

-X x

PC X -- x) = e I
x !

pcx--o) = e-
""

③g + e-31206312,07€
= e-

3/20

( I t = 0.9898

Estimate a Rate

I --I
→ events

t→ time



uncertainty g bias

bias

M,
- a = M¥-7 =

Atx
- X -

-¥ - X

bias -- O

uncertainty

of = 0¥
=

It = ¥

Normal
DISTRIBUTION

° Gaussian distribution / Bell curve

° Mean µ and standard deviation r

normal distribution

pdf

- cats
'

f-Gc) --I e 202 for - a L x c

TETI



°

Any value is -681 . likely to be within 1 standard

deviation of the mean (µ- o, Mto)

• - 951 . likely to be within 2 Standard deviations of the
mean Cµ - 20, y-120)

° - 99-7-1 . likely to be within 3 standard deviations of
the mean fu-30 ,Mt 30)

LIAM,dared NORMAL DISTRIBUTION

• Normal distribution with M
-

- o and 0=1

° Random variable : Z - NCO
,
l)

° Probabilities calculated by using transformations to the
standard normal variate z using z-table

X - N(µ , 02)

←
standardising)

2 = KI 2-Scores

o

Z - N (0,1)



Let Z ~ N(0, 1) . Find a constant c for which 
a) P(Z ≥c) = 0.1587
b) P(c ≤ Z ≤ 0) = 0.4772
c) P(-c ≤Z ≤c) = 0.8664

2- table

0

:
O -

O

O

020
.

⇒
a) PCZCC) =/ - 0.1587=0.8413 ⇒ c -- 1.00

b) P ( 22 c) = 0.5-0.4772=0.0228 ⇒ c = - 2.00

c) PLZ EC) = 0.862-64+0.5--0.9332 ⇒ c -- 1.50



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?

021
.

Xn (16,22 )

a) PCX > 19)

2--19-11 = 1.5

2

P(271.5) = I - PCZLI -5) =L-0.9332=0.0668

b) area -_ 0.1

2=-1.28

X = - 1.28×21-16 =

-2.56+16--13.44

c) X -- 14.5
PCXC 14.5 ) = ?

2=14.5-14 = - O -75

2

PCZL- 0.75) = 0.2266 = 22.66
th

percentile



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 A is 
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?

linear functions of normal random variables

map of

If Xu Nfu o
') and Y -- axtb

x
) X

Y- Ncquxtb , a'of )

022
.

A- N (800,1002 )
B~N(900,1502)

D PCB- A) > O

Y -- B-A

Yr N ( 100,1502-11002)
Y - NC 100, 180.2772 )

2=0-100 - 2
¥

=

Try
=
-0.5547



Plz > - 0.5547) = I - PCZL -0.5547)
= I - 0.2912

= 0.7088

2) PCB-A) > 200

Y -- B-A

Yr N( 100,1502-11002)
Y - NC 100, 180.2772 )

2=200-1002 =

igloo,,=
+0.5547

180.277

f- 0.2912

3) PCA -113772000

Y -- ATB

Y - N ( 1700 , 180.2772)

2=2000-17002 = 301 = 1.6641
180.277 180.277

P( 271.6641) =L - Pl 221-6641)

=L - 0.9515

= 0.0485



A random sample of size 10 is drawn from a normal distribution.
a) Find P(t >1.833)
b) Find P(t > 1.5)

student 's t - Distribution
° Samples of a full population

° Larger sample size→ normal distribution

• Theoretical probability distribution - symmetrical , bell - shaped ,
similar to standard normal curve

• Degrees of freedom - another parameter

If = sample size - I

• As df increases
, approaches standard normal distribution (after

df -- 30
,
almost identical)

° t - score calculated like z- score

023 .

df = 9

(A) P (t71.8337 = 0.05

(b) P ( t 71.5) = b/w O -05 and 0.10



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?

924.

Chebyshev 's inequality

µ
= 36 months

E- 2 months

within k= 2.5 SDS

I -÷,
= 84% at least



Frown-Lorn-
NUMBER GENERATION

Inverse transform technique

Direct transformation for the Normal Distribution

convolution method

Acceptance / Rejection Method

° All assume that uniformly distributed numbers in co
,
I ] exists

Inverse transform technique

° Cdf is FCX) where X is the random variable

° Set FCX) -- R where R is a uniformly distributed random

variable in 10,13

• Solve F-(X) -- R for X in terms of R Cin range of X)

• Generate uniform random numbers Ri
,
Rz
,
Rs . . . and compute

Xi by

Xi -- F
- '
(Ri)



025. Generate RVs for given cdf

Fox,
-

- { ÷a' , II.
a

. .

I x Z b
)

• Range of X : Ca
,
b]

R= X-a
-

b-a

Rcb-a) ta = X where RE coil ]

Xi = at Ri Cb -a)

Generation of Bernoulli RVs

PCX =D =p
PCX --O) = I -p

° A Bernoulli RV can only take up 2 values co and I) and

the probability of getting x =L is p

• Generate U from UCO , l)

° If U Ep , X =L ; else x
-

- O



Generation of Binomial RVs

PCX -- i ) =/! ) pi CI
-

p>
n - i

PCX -- i) =
n Ci pi Ci-p)

""
for i successes in n independent

Bernoulli trials

° Generate n Bernoulli Cp) RVs (using the technique shown above)

Yi
,
42
, 43 , - . . ,Yn

° Set X -- Y , t Yat . . . t Yn (sum of n Bernoulli RVs)

• If Yi = I , number of successes out of n increases

• Total no . of successes = if Yi

Generation of Poisson RVs

Xn Poisson CX)

-A
PCX -- it Ine i number of events in a unit

i ! time interval

Method I

• Generate exponential inter-event times Y
, , Yz . . . with mean I

• let I be the smallest index such that



I -11

E Yi > X
i-- I

° Set X -- I

Method 2

• Generate Uco , 17 RVs U
, ,
U2 - - -

° Let N be the smallest index such that

Ntl

Tt Vi Ce
-t

i-- I

Steps

1. Set i -- O
,
P -- I

2
.
Generate 4-+ , from Uco

,D and replace P with P - Vit ,

3 . If P L e
-t

, accept N -- i and go to step 1
.

Else
, reject N -- i and increment i and return to step 2

.

Upon completion of step 3
,

P -- II
,

'

Ui

° If N -- n
,
then ntl RVs are requested .

So
,
the average

number is given by ECN-117=7-11



026 . Generate 3 Poisson variates with mean x-- 0.2 for the

random numbers 12=0.4357
, 0.4146, 0.8353, 0.9952, 0.8004

e-
X
= e-0.2=0.8187

I . For Xi

i -- O
,
P -- I

,
R -- O- 4357

Ca) P= 0.4357×1 = 0-4357 C 0.8187 ✓

(b) Accept N -- O
X
,
= O

2
. For Xz

i -- O
,

P -- I
,
R-- 0.4146

(a) P= 1×0.4146=0.4146 40.8187 ✓

(b) Accept N-- O

Cc) Xz -- O

3 . For Xz

E-O
,

P-- I
,
R-- 0.8353 Rz -- 0.9952

, Rz
-

- 0.8004
I )

Ca) 17=1×0.8353--0.8353 7 0.8187 X i-- O

(b) P= 0.8353×0.9952=0.8313 70.8187 X i -- I

(C) P -- 0.8313×0.8004=0.6654 L 0.8187 V i -- 2

(d) Accept N -- 2
(e) Xz =L

Poisson numbers : .0 , 0,2



Generation of Normal RVs

Acceptance / Rejection Technique

° If X - NCO
,
I
' )
,
the pdf of X is

-
reason for Yrzfi :

fu) = :
'

e-
"Y' Te

-"%dx= Ft
l l

fan. - a a
1- - - -

#%z - para."

"d
-
f""'d" "

I x

O

. Let a function tix) Majorise pdf fix) ⇒ t is NOT a

density a

th) zfcx) tf x ( ftcx)da z t )
- a

""



° total area

a

c = J tho) dk Z J fulda =/
-A -A

° However
, t¥ is a density

. Let gcx)=t ⇒ tack cglx) µ

• If X - NCO
,
I
' )
,
the pdf of 1×1 is

fu, = game
.,%

° let gcxt-a.ae e-
"
\

I
0

Steps

i. Generate exponential Y with mean I

2. Generate U from UCO,D

3. If U E e-' Y
- "42

, accept Y FLY) E C

gal)
Else

, go to step I

4- Return x -- Y or x -- -Y with probability 0.5



Box-Muller method

. Box-Muller Transform transforms from a two - dimensional

uniform distribution to a two- dimensional bivariate normal

distribution (complex normal distribution)

° If U, and U2 are independent RVs from UCO , D

4
= -2 lnu

,
cos#Vz) ← for single - variable

normal distribution

22=-2 ln U , sin (217Uz)

No need to remember this :

° By solving for U, and U2

2,2-125 -- - 2. ln U , 2
= tan (217 Vz)

- en U , = 2,2-1-222
2 217 Uz = tan

- '

¥)
- (44÷)

Y -

- e Uz tan-
'

(⇒

. Taking the Jacobian d(U
c) (2, , 22)

8¥ ¥
.

I
-ah

,
-ah

= - -
e
-

e

8¥ due It Rn
022



-

027 . Suppose the height of adult males in a certain area is

normally distributed with a mean of 168 cm and a standard
deviation of 8cm

.
Simulate the height of 4 adults

.

X - N ( 168
,
82 ) M

-
- 168

5=8

Z=X-# n-- 4

° We first generate random 2 values

• 2 = -2MW? cos ( 217 UD

X ,

Let U
,
= 0.2432

, Uz = 0.5214

2
,
= -2h10.2432) cos (217×0.5214)

2,
=
- I -666

X, = 2, x Ttu = -

1.666×8+168×1=154.67
cm

Xz
Let U

,
= 0.8921

, Uz = 0.6232

Zz
-

-
-Llnl0.8921) cos (217×0.6232)

2<=-0.3417

Xz = 165.27cm
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Let U, = 0.4421 , U2 = 0.0012

23 = -2 ln(0.4421) cos (217×0.0012)

Zz = l - 2776

Xz = 178.22 cm

X4
Let U

,
= 0.9921

, Uz = 0.7324

24=-2 lnl0.9921) cos (212×0.7324)

24=-0.0139

Xy = 167.89 cm

028 . Suppose the no. of shipments , a , on the loading dock of a

company is either 0
, I or 2. Generate RVs given V -- 0.23

,
0.52

,
0.81
,

0.34

x PGC) FCK) (discrete RVs - inverse)

O 0.5 0.5

I 0.3 0.8

2 0.2 1.0

Let U - UCO
,
D

4=0.23 ⇒ Uco. 5=7 X, = O

02--0.52=7 0.5 CUE0.8 ⇒ Xz = I

a-- f ! HEY so .se us
-
- o.si ⇒ u > as ⇒ x3=2

U > 0.8 Uq = 0.34 ⇒ UCO -5=7 Xy -- O


