
Basic Statistics

a very brief review of statistics

The two main statistics we look at are the mean and the standard
deviation.

Suppose there is a sequence of N (and we suppose N is ex-
tremely large) experimental outcomes, and each experiment pro-
duces one value. Let Xi be the value produced by the i-th exper-
iment. Let X̄ be the mean value for all experiments and let s be
the standard deviation for all the experiments.
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For a Normal Distribution, recall the following facts:

• 68.27% of all experiments are in the interval

[ X̄ − s, X̄ + s ]

• 95.45% of all experiments are in the interval

[ X̄ −2s, X̄ +2s ]

• 99.73% of all experiments are in the interval

[ X̄ −3s, X̄ +3s ]

The Practical Problem

We don’t have time to run all N experiments and calculate X̄ and
s (particularly when N can, in the limit, go to ∞).

Practical Solution

Use sampling theory to get randomly chosen representatives from
the set

X = { X j | 1 ≤ j ≤ N }
Let S be a random sampling of X (and we assume this random
sampling itself is a normally distributed process). Define:

µS = the mean value of S

σS = the standard deviation of S

for calculation of µS and σS, use same formulas as we used for
X̄ and s, but substitute S for X and use number of samples in S
instead of N.
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Claim:

With 66.27% probability, any particular sample in S is in the
interval µS ±σS (basically this claim supposes we have at least
30 samples)

Actually, we would like to claim further that with 66.27% prob-
ability, any particular sample in S is in the interval X̄ ± s (and
provided we have at least 30 samples, X is normally distributed,
and a few other details are satisfied, this will essentially be true)

Reverse Claim:

With 66.27% probability, µS (and we hope also X̄) is in the in-
terval e±σS, where e is a sample from S.

The confidence for interval e ± z · σS, when z = 1 is 66.27%;
other confidence values are:

z = 3 : 99.73%

z = 2 : 95.45%

z = 1.96 : 95%

z = 1.645 : 90%
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The t-Distribution

What to do when NS, the number of samples, is small.

The interval for a desired confidence level conf is:

µS ± t(conf,NS−1) · σS√
NS −1

where t(conf,NS −1) values are taken from a table:

NS −1 t
.995 t

.99 t
.975 t

.95 t
.90

1 63.66 31.82 12.71 6.31 3.08
2 9.92 6.96 4.30 2.92 1.89
3 5.84 4.54 3.18 2.34 1.64
... ... ... ... ... ...

(More accurate, complete tables can be found online or in refer-
ence books on mathematics or statistics.)
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Example

Suppose we run 12 experimental simulations of a network, mea-
suring the average delay over some link. We would like to say,
with 99% confidence, what is the true average delay of the link.

First, we calculate the mean µ and standard deviation σ, based on
these 12 samples. Suppose they are µ = 95.33951 milliseconds,
with σ = 3.1187 milliseconds.

Lookup t(0.99,11) in table: 2.72.

So, the true average is in the interval

95.33951 ± 2.72 · 3.1187√
11

= 95.33951 ± 2.55768

(with 99% confidence).

Notice, this interval is [92.7818, 97.8972]. So actually, we can
say the average link delay is 9×101 milliseconds with high con-
fidence (quoting more than two digits of precision is meaning-
less here; we might say 9.5×101).
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