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R (FRETHC)ELEXCELAY
Projectfi@zi

Shan Huei Wang



X X
. S ¢, v/
. T HRELE R R S i
e To calculate probabilities we define a probability density functiprg ©

f(x)—> pdf
e The density function satisfies the following conditions
e f(x)is non-negative,

e The total area underthe curve representing f(x) equals 1.

P(x;<=X<=x,) > L ' Area = 1

X1 X

O RGO, f(X e H AP HVR S - AT DUEERS -
(e BRIy - fX)SBEETE > ARl - 3
(M3 BLERAYE EAm Ry ER -

» The probability that X falls between x, and x, is found by
calculating the area under the graph of f(x) between x, and x..
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Uniform Distribution (3345 45Bc) :e

e A random variable X is said to be uniformly
distributed if its density functionis 5y & (1pxsx)2 1/(b-a) 2

R B TR B e % B
1 (R 1) -

- g<X<bh (b) f(x)=1/(b-a) , 2t Byl 2
h-a FRFORTT—2 - f(x)

. EA1(b-a)
e The expected value and the variance are

- F(x)= 1/(b-a)
~a+h b-a)f |

;W=

f(x)

N

E(X)

Vv

a b
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Example1 (FE{E1) °
e The weekly output of a steel mill is a uniformly

distributed random variable that lies between 110
and 175 metric tons.

a. Compute the probability that the steel mill will
produce more than 150 metric tons next week.

b. Determine the probability that the steel mill will
produce between 120 and 160 metric tons next
week.

Step 1:ZHETF
Step2: 5 H f(x)
Step3: K48 BHHYHEITE

Shan Huei Wang



Example 1 (3H{E(1) eoel

e The weekly output of a steel mill is a uniformly

distributed random variable that lies between 110
and 175 metrictons. ¢

Step 1: = H &
Step2: &= H f(x)
Step3: K RE HHVEITE 110 175

| 1

\ %
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Example1 (GH{E1) 0ce

o The weekly output of a steel mill is a uniformly distributed random
variable that lies between 110and 175 metric tons.

a. Compute the probability that the steel mill will produce more than 150
metric tons next week.

b. Determine the probability that the steel mill will produce between 120 and
160 metric tons next week.

Step3: >k HHYHTE

a. P(X = 150) =

1
a. P(X = 150) =(175-150)— = 0.3846

Vv

110 175

b. P(120 = X = 160)

b. P(120 = X =< 160) = (160-120)— = 0.6154

Shan Huei Wang



Example 2 -

e The following function is the density function for
the random variable X :

f(x)=(x-1)/8,1=x = 5
a. Graph the density function
b. Find the probability that X lies between 2 and 4
c. What is the probability that X is less than 37?

f(x) f(x)=(5-1)/8=4

O

Step 1: ZHEF f(x)=(1-1)/8=0
Step2: 5 H f(x)
Step3: K HAVHETE

Vv

-~ O
o

Shan Huei Wang



Solution oo

° a. P.d.f. f(x)=(x-1)/8,1=x = 5

f(x)

4/8 —- /
0 X

Shan Huei Wang



Example 2 -

e The following function is the density function for
the random variable X :

f(x)=(x-1)/8,1=x = 5
b. Find the probability that X lies between 2 and 4
Step3: K& HAVER
b.P(2<X<4) f(x)

=P(X < 4)- P(X < 2) |
=(0.5)(3/8)(4-1)— (5)(1/8)(2—1)= 5625 /8 /

0625= 5
3/8 0 e X
1/8 1 5

10 Shan Huei Wang



Example 2 -

e The following function is the density function for
the random variable X :

f(x)=(x-1)/8,1=x = 5
c. What is the probability that X is less than 37?

Step3: >kt HHYHTE

c.P(X<3)=

P(X < 3) = (.5)(2/8)(3—1)= .25 4/8—1 /
2/8

(x)

11 Shan Huei Wan
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Normal Distribution (& R&47 L) :

e A random variable X with mean u and variance ¢?is normally
distributed if its probability density function is given by

P
X) = e

O~ 27T
where 1 =3.14159... and e=2.71828...

— < X<

Mw,0%) R E RE T BCAY IS
o [t B DARE 4318 2

AR B E IG 7
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—. THEARGE, tTER coes

Normal Distribution (7% R&57Hr) 43

e Two facts help calculate normal probabilities:
e The normal distribution is symmetrical.

e Any normal distribution can be transformed into
a specific normal distribution called...“Standard
Normal Distribution”

Normalization (IEFi{L)
X—u, N(u, 0)=N(0, 1)

C"X

« A[LIEER

N(y, o)=N(25, 5)
/ =

13 Shan Huei Wang
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—. Normal Distribution (Z8{£12,3,6) oo

The amount of time it takes to assemble a computer is
normally distributed, with a mean of 50 minutes and a
standard deviation of 10 minutes. What is the
probability that a computer is assembled in a time
between 45 and 60 minutes?

Step1: 5lltHrE H
Step2iti H EAE » Sk Z {Ea&u#E
Step3: EFRKER (Zifexcel)

14 Shan Huei Wang
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—. Normal Distribution (% 5&47#C) eels

e The amount of time it takes to assemble a computer is
normally distributed, with a mean of 50 minutes and a
standard deviation of 10 minutes. What is the
probability that a computer is assembled in a time
between 45 and 60 minutes?

Step1: 5I|HEH
« P45 = X = 60) N(u, 0)=N(50, 10)

Step2:iE H IEFME - K Z {E#EE 0.3413

0.1915

P45 = X = 60) =
. P( 45-50 < X—U < 45—50)
10 o 10
« P(-0.5<Z<1)
Step3: B FHE R M= 05 | 1

« P(-0.56<Z2<1)=0.1915+0.3413=0.5328

Shan Huei Wang



(LI EIRELIEY Areas of the Standard Normal Distribution P
The entries in this table are the probabilities that a random variable with a o0
standard normal distribution assumes a value berween 0 and z; the proba- @
bility is represented by the shaded area under the curve in the accompany-
ing figure. Areas for negative values of z are obtained by symmetry. o

z
Second Decimal Place in z

¥ 4 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359

0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753

0.2 0.0793 0.0832 0.0871 0.0810 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141

03 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517

0.4 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879
| 0.5 0.1915 I 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224

. 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549
0.7 0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852
0.8 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.9 0.3159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389

| :.2 0.3413 I 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621

. » 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830
12 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015
13 0.4032 0.4049 0.4066 0.4082 0.4099 0.4115 0.4131 0.4147 0.4162 0.4177
14 0.4192 0.4207 0.4222 0.4236 0.4251 0.4265 0.4279 0.4292 0.4306 0.4319
15 0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441
1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0.4515 0.4525 0.4535 0.4545
1.7 0.4554 0.4564 0.4573 0.4582 0.4591 0.4599 0.4608 0.4616 0.4625 0.4633
1.8 0.4641 0.4649 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699 0.4706
1.9 0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767
20 0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812 0.4817
2.1 0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854 0.4857
2.2 0.4861 0.4864 0.4868 0.4871 0.4875 0.4878 0.4881 0.4884 0.4887 0.4890
23 0.4893 0.4896 0.4898 0.4901 0.4904 0.4306 0.4909 0.4911 0.4913 0.4916
24 0.4918 0.4920 0.4922 0.4925 0.4927 0.4929 0.4931 0.4932 0.4934 0.4936
25 0.4938 0.4940 0.4941 0.4943 0.4945 0.4946 0.4948 0.4949 0.4951 0.4952
2.6 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964
2.7 0.4965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4971 0.4972 0.4973 0.4974
28 0.4974 0.4975 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4981
2.9 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986
3.0 0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4990
3.1 0.4990 0.4991 0.4991 0.4991 0.4992 0.4992 0.4992 0.4992 0.4993 0.4993
3.2 0.4993 0.4993 0.4994 0.4994 0.4994 0.4994 0.4994 0.4995 0.4995 0.4995
33 0.4995 0.4995 0.4995 0.4996 0.4996 0.4996 0.4996 0.4996 0.4996 0.4997
3.4 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4998
35 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998
3.6 0.4998 0.4998 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.499% .
3.7 0.4999 han Huei Wang

4.0 0.49997
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—. Normal Distribution (& 847 #LC) eoo:

o0

e The amount of time it takes to assemble a computer s
normally distributed, with a mean of 50 minutes and a
standard deviation of 10 minutes. What is the
probability that a computer is assembled in a time
between 45 and 60 minutes?

* e XHE KR (EXCEL)

Step1:7I|HfEH « =NORM.DIST(x,u,sd,1)
« P@5 < X < 60) « =NORM.DIST(x,u,sd,0)

Step2:E B IEFRE » 5K Z E#HIE]
. P(45 < X = 60)
] . =NORM.DIST(60,50,10,1)-
<X < =
fo =2 =90 o aese - NORM.DIST(45,50,10,1)
* P <—< ) . =0.5328

10 o 10

.« P(-05<Z<1) Zp=-5 =1
Step3: KR

« P(-0.56<Z2<1)=0.1915+0.3413=0.5328

17 Shan Huei Wang



HW# 3 ot

e X Iis normally distributed with mean 300 and
standard deviation 40. \WWhat value of X does
only the top 15 % exceed?

18 Shan Huei Wang



HW#3 (faBg=%, KKX) e

e X Iis normally distributed with mean 300 and
standard deviation 40. \WWhat value of X does
only the top 15 % exceed?

Step 1: =k P(X>0.15)4Y Z

Step 2: BEEZFE0.35
° e [RE0.5-0.15=0.35
« A[DIKHZ =

Step 3:7F ATEFEAZ » KX Zz?’)
X ="
X —
Z15 =
O
1.04 = X=399
40

19 S.x=341.6 Shan Huei Wang
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UL EIRELIES Areas of the Standard Normal Distribution

The entries in this table are the probabilities that a random variable with a
standard normal distribution assumes a value berween 0 and z; the proba-
bility is represented by the shaded area under the curve in the accompany-
ing figure. Areas for negative values of z are obtained by symmetry.

Second Decimal Place in z

z 0.00 0.01 0.02 0.03 | o004 | 0.05 0.06 0.07 0.08 0.09
0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359
0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753
0.2 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141
03 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517
0.4 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879
05 0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224
0.6 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549
0.7 0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852
0.8 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.9 0.3159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389
0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621
11 0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830
12 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015
13 0.4032 0.4049 0.4066 0.4082 0.4099 0.4115 0.4131 0.4147 0.4162 0.4177
1.4 0.4192 0.4207 0.4222 0.4236 0.4251 0.4265 0.4279 0.4292 0.4306 0.4319
15 0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441
16 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0.4515 0.4525 0.4535 0.4545
1.7 0.4554 0.4564 0.4573 0.4582 0.4591 0.4599 0.4608 0.4616 0.4625 0.4633
18 0.4641 0.4649 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699 0.4706
19 0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767
2.0 0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812 0.4817
2.1 0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854 0.4857
22 0.4861 0.4864 0.4868 0.4871 0.4875 0.4878 0.4881 0.4884 0.4887 0.4890
23 0.4893 0.4896 0.4898 0.4901 0.4904 0.4906 0.4909 0.4911 0.4913 0.4916
24 0.4918 0.4920 0.4922 0.4925 0.4927 0.4929 0.4931 0.4932 0.4934 0.4936
25 0.4938 0.4940 0.4941 0.4943 0.4945 0.4946 0.4948 0.4949 0.4951 0.4952
26 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964
27 0.4965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4971 0.4972 0.4973 0.4974
28 0.4974 0.4975 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4981
2.9 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986
3.0 0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4990
31 0.4990 0.4991 0.4991 0.4991 0.4992 0.4992 0.4992 0.4992 0.4993 0.4993
32 0.4993 0.4993 0.4994 0.4994 0.4994 0.4994 0.4994 0.4995 0.4995 0.4995
33 0.4995 0.4995 0.4995 0.4996 0.4996 0.4996 0.4996 0.4996 0.4996 0.4997
3.4 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4998
35 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998
3.6 0.4998 0.4998 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4998han Huei Wang
3.7 0.4999
a0 0.49997



HW# 3 ot

e X Iis normally distributed with mean 300 and
standard deviation 40. \WWhat value of X does
only the top 15 % exceed?

Step 1: =k P(X>0.15)4Y Z
Step 2: BEEZFE0.35

o ° H705:0.15=0.35
+ ALK Z =

Step 3:%45 A R LA » kX £=?
e SKXE (EXCEL)
, X" H NORM.INV(p, u, sd)
.15 O
+—300 NORM.INV(0.85,300,40)
1.04 = =341.6
40 « EXCEL 24511 F Bl

21 S.x=2341.6

Shan Huei Wang



—. The Empirical Rule(FRESYED) | 333

Why 95% Cl, S5 1E2{5F8E% 7 (SR45)

Approximately 68% of all observations fall
within one standard deviation of the mean.

A

: s
35 =25 =1s 0 +1s +25 +3s

Approximately 95% of all observations fall

s 2s 15 0 415 425 43 within two standard deviations of the mean.
A

Approximately 99.7% of all observations fall
within three standard deviations of the mean.

22 35 =25 =15 0 +1s +25 +3s



Why 95% Cl, S5 1E2{5F8E% 7 (SR45)

0.05/2 095  0.05/2

1. 0.05/2=0.025 A

2 ZE8H#0.5-0.025=0.475

3' ﬂj/y\j‘[z%a: Z — 1 96 (%H]%/:%Z) ;35 —2s —1s l:l +1s +2s +;3s :’-

R A2 (A AE 221N 2, 18 Z scoreY{H

Z=? 0.025

23 Shan Huei Wang
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UL EIRELIES Areas of the Standard Normal Distribution

The entries in this table are the probabilities that a random variable with a
standard normal distribution assumes a value berween 0 and z; the proba-
bility is represented by the shaded area under the curve in the accompany-
ing figure. Areas for negative values of z are obtained by symmetry.

Second Decimal Place in z

z 0.00 0.01 0.02 0.03 0.04 0.05 0.07 0.08 0.09
0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359
0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753
0.2 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141
0.3 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517
0.4 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879
0.5 0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224
0.6 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549
0.7 0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852
0.8 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.9 0.3159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389
1.0 0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621
1.1 0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830
12 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015
13 0.4032 0.4049 0.4066 0.4082 0.4099 0.4115 0.4131 0.4147 0.4162 0.4177
14 0.4192 0.4207 0.4222 0.4236 0.4251 0.4265 0.4279 0.4292 0.4306 0.4319
15 0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441
1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0.4515 0.4525 0.4535 0.4545
17 0.4554 0.4564 0.4573 0.4582 0.4591 0.4599 0.4608 0.4616 0.4625 0.4633
E:;:l 0.4641 0.4649 0.4656 0.4664 0.4671 0.4678 (——0:4686— 0.4693 0.4699 0.4706
0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767
20 0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812 0.4817
2.1 0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854 0.4857
22 0.4861 0.4864 0.4868 0.4871 0.4875 0.4878 0.4881 0.4884 0.4887 0.4890
23 0.4893 0.4896 0.4898 0.4901 0.4904 0.4906 0.4909 0.4911 0.4913 0.4916
2.4 0.4918 0.4920 0.4922 0.4925 0.4927 0.4929 0.4931 0.4932 0.4934 0.4936
25 0.4938 0.4940 0.4941 0.4943 0.4945 0.4946 0.4948 0.4949 0.4951 0.4952
2.6 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964
2.7 0.4965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4971 0.4972 0.4973 0.4974
28 0.4974 0.4975 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4981
2.9 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986
3.0 0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4990
3.1 0.4990 0.4991 0.4991 0.4991 0.4992 0.4992 0.4992 0.4992 0.4993 0.4993
32 0.4993 0.4993 0.4994 0.4994 0.4994 0.4994 0.4994 0.4995 0.4995 0.4995
33 0.4995 0.4995 0.4995 0.4996 0.4996 0.4996 0.4996 0.4996 0.4996 0.4997
3.4 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4998
35 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998
36 0.4998 0.4998 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4998han Huei Wang
3.7 0.4999
a0 0.49997



HW#6

e 6. Consumersspendanaverage of $21 per week in cash without being g &
aware of where it goes (data extracted from" Snapshots: A Hole in Our
Pockets,”USA Today, January 18, 2010, p.1A). Assume thatthe amount of

cash spentwithoutbeing aware of where it goes is normally distributed and

that the standard deviation is $5.

a) Whatis the probability that a randomly selected personwill spend more

than $257

b) Whatis the probability that a randomly selected personwill spend between

$10and $207?

c) Betweenwhattwo values will the middle 95% of the amounts of cash spent

fall?

N(y, 0)=N(21, 5)

25

e

—3s 25 —1s 0O +1s +2s5 +3s

Z=-1.96 Z=1.96

Shan Huei Wang



Z. THEEARRESEL, AnfERE oo

Exponential Distribution (82(45#C) 0

o (&S5 F28 4= P RE HIHF )
e The exponential distribution can be used to
model
the length of time between telephone calls

the length of time between arrivals at a service
station

the life-time of electronic components.

e \When the number of occurrences of an event
follows the Poisson distribution, the time
between occurrences follows the exponential
distribution.

26 Shan Huei Wang
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4. Exponential Distribution °

e A random variable is exponentially distributed if its
probability density function is given by

f(x)=Ae ™, x=20

o E(X)=1/N; V(X) = (1/M)?

e Finding exponential probabilities is relatively easy:
P(X>a)=e".
PX<a)=1-e
P(a; < X<ay)=e M- g-Ma2)

27 Shan Huei Wang
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4. Exponential Distribution o000

e Example (3H1{014,5,7,8)

e The service rate at a movie theater checkout is 6
customers per hour.

o If the service time is exponential, find the following
probabilities:
A service is completed in 5 minutes,

A customer leaves the counter more than 10 minutes
after arriving

A service is completed between 5 and 8 minutes.

Step1 2K H} lambda
Step2 ‘fEEHEH X
Step3: fLAAT

Shan Huei Wang



4. Exponential Distribution oo
e Example (3H10\4,5,7,8)

The service rate at a movie theater checkoutis 6
customers per hour.

If the service time is exponential, find the following
probabilities:
A service is completed in 5 minutes,

A customer leaves the counter more than 10 minutes
after arriving

A service is completed between 5 and 8 minutes.

* LR ’ ﬁ ,{l/\
o= 10788 > &1 —EAZK
Step2 i E- H X VIR &

Step3: AL u=10534 (F—{ir 2 SR
E(X) = 1/A, 10=1/A
(AL=0.1).

29 Shan Huei Wang



4. Exponential Distribution 113

 Aserviceis completed in 5 minutes,
« A customerleavesthe countermore than 10 minutes after arriving
« Aserviceis completed between 5 and 8 minutes.

e Solution

e A service rate of 6 per hour =
A service rate of .1 per minute (A = .1/minute).
o P(X<5)=1-eM=1-¢e-10) = 3935
o P(X>10) = e?*=¢e-1010) = 3679
o P6<X<8)=¢e10-¢18) = 1572

30 Shan Huei Wang



4. Exponential Distribution

e Solution

e A service rate of 6 per hour =
A service rate of .1 per minute (A = .1/minute).

o P(X<5)=1-eM=1-¢-10) = 3935
o P(X>10) = e =¢-1010) = 3679
o P6<X<8)=e10) - 18 = 1572

EXCEL
=EXPON.DIST(x,lambda, 1)

a. P(X < 5)=EXPON.DIST(5,0.1, 1)=0.3934

b. P(X >10)= 1-EXPON.DIST(10, 0.1, 1)=0.3679

c. P(5 < X < 8)= EXPON.DIST(8,0.1, 1)- EXPON.DIST(5,0.1, 1)=0.1572

31

Shan Huei Wang



8. Suppose that the amount of time one spends in a bank 1s exponentially
distributed with mean 10 minutes

a. What 1s the probability that a customer will spend more than 15 minutes
in the bank?

b. What is the probability that a customer will spend more than 15 minutes
in the bank given that he is still in the bank after 10 minutes?

Step1 :>KH u (or lambda)

u=1078 (F—{r& AZKHYERE )
E(X) = 1/A, 10=1/n
(L=0.1)

Step2 HEE-EH X
a. P(X>15)
b. P(X>15| X>10)= P(X>5)

Step3: FLARAE

32 Shan Huei Wang
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Memorylessness 33

An exponentially distributed random variable T obeys the relation

Pr(T>s+tT>s)=Pr(T>t), Vs,t>0.

When Tis interpreted as the waiting time for an event to occur relative to some initial time, this relation implies that, if Tis

conditioned on a failure to observe the event over some initial period of time s, the distribution of the remaining waiting time is the same as the original unconditional
distribution. For example, if an event has not occurred after 30 seconds, the conditional probability that occurrence will take at least 10 more seconds is equal to the
unconditional probability of observing the event more than 10 seconds relative to the initial time.

The exponential distribution and the geometric distribution are the only memoryless probability distributions.

The exponential distribution is consequently also necessarily the only continuous probability distribution that has a constant Failure rate.

Shan Huei Wang



Poisson vs Exponential Distribution |22

® (ESEHSHZIMIRES
e EX @ —/NEFE6EA (10875 1EA)

(a) u Poisson =

( )6 person ( E&fir FF R NI )
b u exponential =

c B hr (% B\ PR
* A=1/u=6 (A AT\ ZEH0)

S FRAT TN » TR 56[E% A (Poisson)

\ J
1 [ 2 3 6

RIE1/6 hr (105788 ) 1% » T —EZEAEGZK - (exponential) &

FEA - TEE A0 g2k Bapsd15778 - |
TNENEFSTH# - BEZLHANTT 7 (Rca HFEAER) Snemrlueriane
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Rule
o TT4HfEE

o EHAI[EE1H

o [Kffa] > ZRRHY...
o T4 14:00-16:00 = {54 19:00-20:30

o JIHL
o HrAERERS(RFT S AV L E S

o G HIHA
o 2016/F11H24F

o HPITIEE :

o IRFIRHERLAE - RINEUTHIMR] - R -

o M SREERRATIY - PR G -

2016/10/27




e00
Procedure 1:TREEFF o
Poisson Exponential
« Step 1 « Step 5

» 2ok HiR o CEREASGE o 100 —EL > LSERFA
ISEPN: FEAFER - B M UEAFTFRL
© KGRI - fEEm AR #EL EHFEEJ (4555 A)
U N2 & A Ehg 1
gy > RIGCEkRy 6 BRAESH]
y ﬁﬁ?ﬂ%% ks N\ 4D

Hint: FHexcel¥ ] N &R think by yourself
Ex: 14:00-14:02,4

14:02-14:04,0

2016/10/27
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000
000
S L A 52 Bk (Y XX
Procedure 2:3K HFH ¥[8 =R BEdu 000
0
Poisson Exponential
« Step 2 « Step6
© REPTELERAY A BREATH TR *  RFFTECERAY B A7 HRF ] B AH 1R
4 SR o B RGBSR T AolE]
« Step 3 « Step7
© [EtHEER T ACE © [etHEER T ACE

Bl P sl

2[5 W
AT Eu STRu

2016/10/27
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Procedure 2: FHexcel >KH

Poisson

- Step 4

+ LIPoissoNtRAEE + Sk »
S TR S

+ [C#step 2 (BIRERIVIER) B
step4 (FHufhiEtHizREVIESR )

Hint:
1. Step 4 5] DL Poisson.Dist (X, u, 0)
=

2. A E R E LR B PR R T A &

M/
il

2016/10/27

RO R
o
Exponential
« Step 8

* LIExponentialtf=R73fiC » 228
A= SHETEHIRS R
B T

Hint;
1.Exponentiali&#4&E 7 ic (7] 5%
FEE )

think by yourself



teEEPoissonEEExponential B8 £% :

e Step 9: Exponential f4>%%% ﬁ*/\@a%}\ggﬁﬁ\ﬁa
NI AT PLsExponential (s [ 7 C » 1507
B A BRI EC - ffﬂStep 6 FrisHYE
Ao lclE (discrete 1R 73HC)FELES -

o FEn ¢
o 1.0 LIF]FHexcel : EXPON.DIST(X, 1/u, 1)k
B BHIER > 157 R ELRERERAE - P (5 6

step 6zistep 7THYME » EEILLE » (RELZIEIH
RAEEHEVERE T -




