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EXc- 5‘ent:
Is Observing Something Happen
or Conducting something Under

Ceﬁam Conditions Which

Result In SOW"
9 |
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" Sample Sbace:
The Set of All Possible

Qutcomes of a Random

Experiment R
o R




Experiment Sample Space

Roll a die

*H = heads; T = tails.




ent:
Any Subset of Sample Space
Impossible Event
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1-Union - Occurrence of at least One
2-Intesection- Simultaneous Occurrence |
3-Difference-Happening One Event |
Excluding The Other 5\

mentation- Non Occurrence of
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Addition Rule I: When two events are mutually exclusive,
P(A or B) = P(A) + P(B)

EXAMPLE: When a die is rolled, find the probability of getting a 2 or a 3.

SOLUTION:

As shown in Chapter 1, the problem can be solved by looking at the sample
space, which 1s 1, 2, 3, 4, 5, 6. Since there are 2 favorable outcomes from
6 outcomes, P(2 or 3):%:%. Since the events are mutually exclusive,
addition rule | also can be used:

P2 or 3) = P2Q) + P(3) =




&0 9l

R

’);;j;Addition Rule




Addition Rule II: If 4 and B are two events that are not mutually exclusive,
then P(A or B) = P(A)+ P(B) — P(A and B), where A and B means the num-
ber of outcomes that event 4 and event B have in common.

EXAMPLE: A die 1s rolled. Find the probability of getting an even number
or a number less than 4.

SOLUTION:

Let A=an even number; then P(4) = g since there are 3 even numbers—2, 4,

and 6. Let B=a number less than 4; then P(B) =¢ 3 since there are 3 numbers
less than 4—1, 2, and 3. Let (4 and B)=-even numbers less than 4 and
P(A and B) = —smce there is one even number less than 4—namely 2. Hence,

P(A or B)= P(A)+ P(B) — P(4 and B) =

The results of both these examples can be venﬁed by using sample spaces
and classical probability.
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Multiplication Rule I: For two independent events 4 and B, P(4 and B) =
P(A) - P(B). |

EXAMPLE: A com i1s tossed and a die 1s rolled. Find the probability of
getting a tail on the coin and a 5 on the die.

SOLUTION:

Since P(tail) =3 and P(5) =¢: P(tail and 5) = P(tail) - P(5) =3- ¢ =
Note that the events are independent.
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P(A and B)
P(B)

P(A|B) =




EXAMPLE: A die 1s rolled; find the probability of getting a 4, 1f it 1s known
that an even number occurred when the die was rolled.

P(A and B) 1s the probability of getting a 4 and an even number at the same
time. Notice that there 1s only one way to get a 4 and an even number—the
outcome 4. Hence P(A and B) ._l Also P(B) 1s the probability of getting an
even number which is 2 = 1 Now

P(A and B)
P(B)

P(A|B) =




Total Probability

41
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P(A) = P(A|B))P(B)) + P(A|B2)P(B>) + - -- + P(A|B,)P(By)

P(A|B;) P(B;).
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Axiomatic Probability
Kolmogorov-1933

e Axiom I: P(A) > 0 (nonnegative).
' e Axiom 2: P(S)= 1 (normed).
® Axiom 3: for a countable collection of mutually exclusive events A, A5, ...1n S,

P4, Ul W s0) = P(Z Aj> = ZP(AJ-) (additive). a‘
i J :




P(Bi|A) =

P(A|B;)P(B;)

> Ir

j=1

(A|B;)P(B




Example 2.12. Problem: a simple binary communication channel carries
messages by using only two signals, say 0 and 1. We assume that, for a given
binary channel, 40% of the time a 1 is transmitted; the probability that a
transmitted O is correctly received is 0.90, and the probability that a transmitted
1 is correctly received is 0.95. Determine (a) the probability of a 1 being
received, and (b) given a 1 is received, the probability that 1 was transmitted.

Answer: let

A = event that 1 is transmitted,
A = event that 0 is transmitted,

B = event that 1 is received,
B = event that O is received.




The information given in the problem statement gives us

P(A) =04, P(A4) = 0.6;
P(B|4) =0.95, P(B|A) = 0.05;
P(B|4) =090, P(B|4) = 0.10.







P(B) = P(B|A)P(A) + P(B|A)P(4) = 0.95(0.4) + 0.1(0.6) = 0.44.

The probability of interest in part (b) is P(A4|B), and this can be found using
Bayes’ theorem [Equation (2.28)]. It is given by:

P(B|A)P(A4) 0.95(0.4)
P(B) 044

P(A|B) = — 0.863.







EXAMPLE: How many different permutations can be made from the letters
of the word Mississippi?

SOLUTION:

There are 4s, 41, 2p, and 1 m; hence, n=11,r,=4, =4, r;=2, and ry;=1

[ 11-10-9-8-7-6-5-4 1,663,200

-_——————_ W W = e 60
4.4.20.10 A4.4.3.2.1.2.1-1 48 0




EXAMPLE: A salesperson has to visit 10 stores in a large city. She decides to
visit 6 stores on the first day. In how many different ways can she select the
6 stores? The order 1s not important.

SOLUTION:
Let n=10 and r=06; then

100 100 10-9-8-7-8

- e, =210
PO T (10— 6)6! T 416! T 43214

She can select the 6 stores in 210 ways.
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P(A) + P(B)+P(C)=1
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P(N)=1-P(A) - P(B)
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P.....= P(C1)P(C2) Qparater = Q(C3)Q(C4)

Series Connection Parallel Connection

Pseries — | | Pcnmponent

Qparallel — I I Qcompunent
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Minimal Cut Set — a set of » components that cause the system to be un-
| available when all » components are unavailable but will not cause the
system to be unavailable if less than » components are unavailable.
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Original Network Step 1: Reduce Series Components
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Step 2: Reduce Parallel Components Step 3: Reduce Series Components
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4.3.1 Normal Distribution

Perhaps the most well known distribution of all 1s the normal distribution—the
proverbial “bell curve” that 1s mathematically characterized by its expected value
and standard deviation. Formulae corresponding to the normal distribution are:

£(x)= 1 (x-—n)* |,

exp| —
G\ 2T 2672

— <X <w

Normal Distribution (4.10)

H=Xx
Expected Value =p

2

G = +/variance
Variance =6

Use of the normal distribution 1s so common that its parameters, n and o,
are often times musrepresented to be means and standard distributions for func-
tions other than the normal distribution. This 1s not always true—pu and o
correspond to mean and standard deviation for the normal distribution, but not
necessarily for other distributions.
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Norm al Distribution
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Weibull Distribution




B-1
(x)=PX :
ol

F(x)=1-exp

B-1
Mx)= bx 5 ; Weitbull Distribution
oL

Expected Value = ar[% + l]

Variance = o.” {F[E + IJ _1? (l + IH
B B




1.0 : 1.0

0.8 4 : 0.8 -

0.6 4 : 0.6 -

0.4 1 : 0.4 -
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—— e 0.0 ——
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0.0

Figure 4.6. Thee different Weibull distributions. By varying the scale parameter, o. and the shape
parameter, B, a wide variety of distribution shapes can be modeled. The left graph represents an
exponentially decaying density curve, the middle graph shows a density curve that is skewed to the
left, and the right graph shows a density curve that 1s skewed to the right.
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Table 4.2 Reliability of underground distribution components.
Description Ap (per year) MTTR (hours)
Low Typical High / Typical High |
Underground Cable

*

Primary Cable 0.003°  0.070 0.587" 3 10.0 30

Secondary Cable 0. 005" 0. 100 0.150" 5 10.0 30

Elbows Connectors 6.0e-5 0.0006 0.001 . 4.5 8.0
Cable Splices and Joints 6.0e-5 0.030 0.159 5 2.5 8.0
Padmount Transformers 0.001 0.010 0.050 4. 6.5 7.8
Padmount Switches 0.001 0.003 0.005 . 2.5 5.0
"Failure rates for underground cable are per circuit mile.
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Stochastic Transient
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Probability Matrix (STPM)
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System Average Interruption Frequency Index:
Total Number of Customer Interruptions

SAIFI = -
Total Number of Customers Served




 (SAIDI) e i gel 5o S gia)

System Average Interruption Duration Index:

Z Customer Interruption Durations
SAIDI =

Total Number of Customers Served
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Customer Average Interruption Duration Index:

E Customer Interruption Durations

cAn-———————
Total Number of Customer Interruptions
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Average Service Availability Index:

Customer Hours Service Availability

ASAI = -
Customer Hours Service Demand
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C-Load Based Indices
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Customer Average Interruption Frequency Index:

’ Total Number of Customer Interruptions
cAr-1———————— MM /yr
Customers Experiencing | or more Interruptions
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- Customer Total Average Interruption Duration Index:

CTAIDI =

E Customer Interruption Durations

Customers Experiencing 1 or more Interruptions

hr/y
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Momentary Average Interruption Frequency Index:
Total Number of Customer Momentary Interruptions

MAIFI =

Total Number of Customers Served
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Table 1 shows an excerpt from one utility’s customer information system (CIS) database for feeder 7075,
which serves 2000 customers for a total load of 4 MW. In this example, Circuit 7075 constitutes the “sys-

tem” for which the Indices are calculated. More typically the "system” combines all circuits together in a
region or for a whole company.




Table 1—Outage data for 1994

Date Time Time on Circuit E‘:;;t culgt:.n‘::rs (Il‘:"/a:) Int‘eyr;:p .
37 12:12:20 12:20:30 7075 107 200 800 Sustained
415 18:23:56 18:24:26 7075 256 400 1600 Momentary
5/5 00:23:10 01:34:29 7075 435 600 1800 Sustained
6/12 23:17:00 23:47:14 7075 567 25 75 Sustained SA I F I
/6 09:30:10 | 09:31:10 7075 567 2000 4000 Momentary
8/20 15:45:39 20:12:50 7075 832 90 500 Sustained SA I D I
8/31 08:20:00 10:20:00 7075 1003 700 2100 Sustained C A I D I
9/3 17:10:00 17:20:00 7075 1100 1500 3000 Sustained
10/27 10:15:00 10:55:00 7075 1356 100 200 Sustained CTA I D I

Table 2—Extracted customers who were interrupted C A I F I
Name Circuit no. Date Event code D'i'l:lai::;) e A S A I
Willis, J. 7075 3/17/94 107 8.17
Williams, J. 7075 4/15/94 256 0.5 A S I F I
Willis, J. 7075 4/15/94 256 0.5 A S I D I
Wilson, D. 7075 5/5/94 435 71.3
Willis, J. 7075 6/12/94 567 303
Willis, J. 7075 8/20/94 832 267.2
Wilson, D. 7075 8/20/94 832 267.2
Yattaw, S. 7075 8/20/94 832 267.2
Willis, J. 7075 8/31/94 1003 120
Willis, J. 7075 9/3/94 10 10

Willis, J. 7075 10/27/94 1356 40




Table 3—Interrupting device operations

No. of No. of

Device Time : operations to
operations lockout

Brk 7075 18:23:56
Recl 7075 09:30:10
Brk 7075 2:29:02
Brk 7075 2:30:30
Recl TO75A 3:25:40
Recl 7075 08:00:00
Brk 7075 04:06:53
Recl 7075 11:53:22
Brk 7075 5:25:10
Recl 7075 7:15:19
Recl 7075 00:00:05

= I~ I B B i R B B T I I I I B o (R T




To better illustrate the concepts of momentary Interruption, and sustained interruption, and the assoclated
indices, consider the following figure.

No Interruption Sustained

750 Customers 250 Customers

Figure 1—Sample system 2

For this scenario, 750 customers would experience a momentary interruption and 250 customers would
experience a sustained interruption. Calculations for SAIFI, MAIFI, and MAIFIj are shown below.

SAIF
MAIFI
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Table 2.6. Distribution reliability indices reported from utilities around the world (1987 data). The
reliability of rural systems tends to get better as population density imncreases. The notable exception
15 Italy. which has poor reliability 1n both 1ts urban and rural areas.
SAIFI SAIDI CAIDI ASAI Density
(/vr) (min/vr) (min) (pu) (people/miz)

Urban Systems
Finland 0.8 33 41 0.99994
Sweden 0.5 30 60 0.99994
Denmark 0.3 7 20 0.99999
Italy 25 120 48 0.99977
Netherlands 03 15 58 0.99997
Rural Systems
Finland : 390 78 0.99926
Sweden 5 180 0.99966
Denmark 1.2 54 45 0.99990
Italy 0 300 60 0.99943
Netherlands E 34 79 0.99994
Overall
Norway 2. 0.99943
United States : 0.99940
United Kingdom A 0.99987
Netherlands - 0.99995




