Normal Approximation to the Binomial Distribution

oln a digital communication channel, assume that the number of bits
received in error can be modeled by a binomial random variable, and
assume that the probability that a bit is received in error is 0.00001. If
16 million bits are transmitted, what is the probability that more than
150 errors occur?
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Normal Approximation to the Binomial Distribution ||

olf Xis a binomial random variable,
X ~np

e Jnp-p)

oThen, it is approximately a standard normal variable. The
approximation is good for

np>5 and n(l-p)>5
oContinuity correction

X +05-np
np(l=p)

x =05-np SZ]

H— Pix <X)=P(x -05<X )EP[Z <
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Example 4-18: Applying the Approximation

In a digital communication channel, assume that the number of bits received in error can be
modeled by a binomial random variable. The probability that a bit is received in error is 105,
If 16 million bits are transmitted, what is the probability that 150 or fewer errors occur?

P(X $150)=P(X <150.5)

p| X160 1505-160
J160(1-10")  fiso(1-10")

-95
=r(z Rt ):P[Zs—o.'lSlo&):o.n&
12.6491

n/n MY

[ - JRTTONS



1. 68% will fail between tlc
19+1(1.2) = [17.8,20.2]

2. 95% will fail between 2o

19 4 2(1.2) = [16.6,21.4]

3. Virtually all will fail at about +3¢
19 £ 3(1.2) = [15.4,22.6]
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Standard Normal Distribution

A normal random variable with
w=0ando’=1
is called a standard normal random variable and is denoted as Z The

cumulative distribution function of a standard normal random
variable is denoted as:

®(2=AZs2)
Values are found in Appendix Table Ill and by using Excel and Minitab.

Excel functions available
NORM.S.DIST(2) : standard normal distribution
NORM.S.INV(p) : inverse standard normal distribution
s NORM.INV(p,m.s): inverse general
JORDAN NORM.DIST(X,m,s,Cumulative) : general
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Standardizing a Normal Random Variable

e
n/n ee
oSuppose Xis a normal random variable with mean p and variance u-.

Then,

P(X 5,‘)=p(u5ﬂ]= P(Z<2)=D(z)
o o

owhere Zis a standard normal random variable, and Z =
zvalue obtained by standardizing X.

oThe standard normal distribution has a mean of zero and a variance
of one: £l =0and U2 =1.
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NOTE ; The column heacings refer to the hundredths digit of the value of 2 in /(2 s 2) For example, AZs 1.53)

s found by reading down the 2 column to the row 1.5 and then selecting the probability from the columa
v o ‘ed 0.03 to be 0.93699.
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EXAMPLE 4-12
The following calculations are shown pictonially m Fig 4-14
Tn practice. » probability i often romnded 10 one or two sl
scamt digats
() MAZ>1206)= 1~ MZ=126) = | -~ 089616

= 0 10554
P2 < ~086) = 019800
MZ> =137 = 2 < 137) = 091468
M~125<Z<037) This probalulity can be found
froen the difference of two meas. MZ < 0137) -
MZ < ~125) Now

5

Q)
3)
(L))

L1 Ly

JORDAN

MZ < 037) = 064431
and
PMZ < ~12%) = 010568
Therefore,
P(~128<Z<037) = 06031 - 010568

= 053866
AZ 5 ~46) camot be found exactly from Appendix
Table [11 However. the last entry i the table can be used
o fid that AZ= -399) = 000003 Hecase
NZ = ~46)<MNZ s ~399) MZ = ~46) s nemly
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Example 4-14: Normally Distributed Current-1

Suppose that the current measurements in a strip of wire are assumed to follow a normal
distribution with i = 10 and o0 = 2 mA, what is the probability that the current measurement is

between 9 and 11 mA?

r(9<X<u)=p(°"°<""°<”"°)

2 2 2
=P(-05<:<0.5)
=P(z<05)~P(z<-05)
=0.69146 - 0,30854 = (,38292
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= NORM DIST(11,10,2, TRUE)-NORM DIST(9,10,2, TRUE) =0.382925



Cashews & Nuts Example (Continuous)

A nut company markets cans of deluxe mixed nuts containing almonds, cashews, and peanuts.
The net weight of the can is 1 Ib, but the weight contribution of each type of nut is random.
Because the three weights sum to 1, a joint probability model for any two gives all necessary
information about the weight of the third type. Let X= the weight of almonds in a selected can
and Y= weight of cashews. The joint PDF for (X,Y) was suggested to be

24xy 0<x<1l0<y<lLx+y<I

0 otherwise

f(x-)')={

Show that this function is indeed a PDF.

Are X and Y independent?

Find the marginal PDF of X and Y.

If the cost per Ib of almonds is $1.00, cashews $1.5, and of peanuts is $0.5. Find the
expected cost of a one Ib can of mixed nuts.

5. Find the covariance and correlation.
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JORDAN  Example 2-8: Sampling w/o Replacement-1

oA bin of 50 parts contains 3 defectives and 47 non-defective parts. A
sample of 6 parts is selected from the 50 without replacement. How
many samples of size 6 contain 2 defective parts? What is the
probability of having a sample of six parts with two defective parts.

oFirst, how many ways are there for selecting 2 parts from the 3
defective parts?

3 .
C) = —— = 3different ways
21 ’

oNow, how many ways are there for selecting 4 parts from the 47 non-
defective parts?
W AT 47.46-45.44.43

Y = = = | 78,365 different ways
4043 4.3.2:.1-43 :
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Example 2-8: Sampling w/o Replacement-2

o Now, how many ways are there to obtain:
o 2 from 3 defectives, and
o 4 from 47 non-defectives?

C)C " =3x178,365 = 535,005 different ways

o The total number of different subsets of size 6 is "'l ""‘“”’ 9 =
o [350) SO nohoosek (47,4) = 178365
Cr =" |=<===15890.700
6 /] 644! -

oTh babili i i i COMBIN(3,2) =3
o The probabillity of having six parts with two defective sl A SO

) ) ) b ek ‘-“ 3
P (Two defective parts out of six) = Ll‘-,.-‘— =B
Cr o 15.890,700




bushings to a certain factory. The following table |

mple on Bayes’ Theorem
tnown: Vendors |, I, 1, and W provice i the IR

shows the amounts supplied and percentage of -

good parts supplied by the vendors.
Wanted: What is the probability that a randomly ]

selected bushing is bad? What is the probability it [,

25 80
35 95
10 70
30 90

came from vendor 3?7

Solution 2 A
P(A)=Y P(ANB,)=3 P(B,)P(A|B,)
el =

P(A)=0.25(0.2) + 0.35(0.05) + 0.1(0.3) + 0.3(0.1)

P(A)=0.1275

Therefore
P(B,nA) 003

= =(),2353
P(A) 0.1275

P(B,|A)=
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en all parts) a sample of surface tel:

petwe
'’

ually
d e m,.,. day are given as ('C): 135, 14.0, 14.5, 1

data?
what s the mean of thase data |6.5..u..$
2 "¢.u.‘~l\454 \60l55\5~\‘ ﬂ!ﬁ =
£r = a
p) What s the varlance of these data? 2)
' | PRl i

&' (._f_'—x)- = -QS%L
M\

¢) Whatis the standard deviation of these data? /¢

S = Ver = o.aa2

d) Whatlis the range bf these data?

e) Whatis the median of these GRts

5

f) What is the mode of these data?






