














Statistics in Engineering

 Engineers apply physical
and chemical laws and
mathematics to design,
develop, test, and supervise
various products and
services.

 Engineers perform tests to
learn how things behave
under stress, and at what
point they might fail.



Statistics in Engineering

 As engineers perform experiments, they
collect data that can be used to explain
relationships better and to reveal
information about the quality of products
and services they provide.
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Frequency Distribution:

Scores for an engineering class are as follows: 58, 95, 80, 75, 68,
97, 60, 85, 75, 88, 90, 78, 62, 83, 73, 70, 70, 85, 65, 75, 53, 62,
56, 72,79

To better assess the success of the class, we make a frequency
chart:

Grouped Frequency Distribution for Example 19.2

Scores Range Frequency
58, 53, 56 50-59 3
08, 60, 62, 65, 62 60—-69 5
75,75,78,73,70,70,75,72,79 70-79 9
80, 85, 88, 83, 85, 87 80—-89 6
95, 97, 90 90-99 3



Now the information can be better analyzed.

For example, 3 students did poorly, and 3 did
exceptionally well. We know that 9 students were in
the average range of 70-79. We can also show this
data in a freq. histogram (PDF).
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Cumulative Frequency

The data can be further organized by calculating the

The cumulative frequency shows the cumulative number
of students with scores up to and including those in the
given range. Usually we normalize the data - divide 26.

Cumulative Frequency Distribution for Example 19.2

Range Frequency Cumulative Frequency

50-59 3 3 3
60-69 5 3+5=28 8
70-79 9 3+45+9=170r8+9 =17 17
80-89 0 3+5+H9+6=230r17 +6=23 23
90-99 3 3+5+H9+6+3=2060r23 +3=20 26



Measures of Central Tendency & Variation

o , also called , are errors
associated with using an inaccurate instrument.
e These errors can be detected and avoided by properly
calibrating instruments
. are generated by a number of
unpredictable variations in a given measurement
situation.

e Mechanical vibrations of instruments or variations in line
voltage friction or humidity could lead to random fluctuations
in observations.



 When analyzing data, the mean alone cannot signal possible
mistakes. There are a number of ways to define the dispersion
or spread of data.

 You can compute how much each number deviates from the
mean, add up all the deviations, and then take their average as

shown in the table below.

Deviations from the Mean

Pag — 1000 Group A Pavg — 1000 Group B
p (P = Pug) (P — puyp)l p P = Pwy) (P — puy)l

1020 +20 20 950 —50 50
1015 +15 15 940 —60 60

990 ~10 10 890 ~110 110
1060 +60 60 1080 +80 80
1030 +30 30 1120 +120 120

950 —50 50 900 —100 100

975 —25 25 1040 40 40
1020 +20 20 1150 +150 150

980 —20 20 910 —90 90

960 — 40 40 1020 +20 20

2 =0 > =290 > =0 > = 820




Origins of Probability




Why are Probabilities Important?

e They help you to assess your expected reward
for certain actions, e.g.,

e Economic planning

 They help you to make good decisions, e.g.,
 Decision theory

e They help you to minimize risk, e.g.,

 Insurance

e They are used in average-case time N
complexity analyses of Computer ’% X

algorithms. |
e They are used to model processes i

Engineering.



Random Experiments

* The concept behind probabilities is called
the random experiment.

e Arandom experiment is an experiment
that can be repeated over and over,
giving different results.



Probability as a Frequency

e |f we have a probability p that an experiment will
result in outcome A, then if we repeat this
experiment a large number of times we should
expect the fraction of times that A will occur is very

close to p.



Frequency Definition of Probability

 Consider probability as a measure of the
frequency of occurrence.

 For example, the probability of “heads” in a
coin flip is essentially equal to the number of
heads observed in 7trials, divided by 7,as 7

approaches infinity.

# of heads
T

Pr(heads) = lim, __



Probability as a Frequency

« Consider a random experiment with possible
outcomes w,, w,, ...,w,. For example, we roll a die
and the possible outcomes are 1,2,3,4,5,6
corresponding to the side that turns up. Or we toss
a coin with possible outcomes H (heads) or T (tails).

* We assign a probability p(w;) to each possible
outcome w; in such a way that:
* p(wy) + p(wy) +... + p(w,) =1
 Forthe dice, each outcome has probability 1/6. For
the coin, each outcome has probability .



Example: Probability as Frequency

Spinner with unit circumference

A
Arcs A; A, A;, and A,

have lengths Y2, 1/8, 1/8,
and Y4, respectively.

A;




Example Continued

 We spin a pointer. Ifit stops atarc A,, we say
that outcome w, occurs. Ifitstops atarc A,, we
say that outcome w, occurs, etc.

 The probability that the spinner stops in an arc is
equal to the length of that arc.

* In a simulation, the experimental frequency that the
spinner will stop in an arc will be very close to the
length of the arc -- if the number of spins is high.

« The more experiments we run, the closer the frequency
will be to the true probability. (Tossing a coin 10,000
times will give a proportion of H close to 0.5 and a
proportion of T close to0 0.5.)



Computer Simulation of

Probabilities
0.9-1.0
random o 0.5-0.9
number 0<=x<=1
generator
0.2-0.5

0-0.2






