
Statistical Analysis of an Arrival Process 

• Part 1. Main Sample statistics (p.2-3)

• Part 2. Graphical Representation of Data (p.4-6)

• Histograms

• Empirical CDF

• Part 3. Fitting the Exponential Distribution (p.7-9)

• Part 4. A Test for NHPP (p.10-11)
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Part 1. Main Sample Statistics

• Statistical Analysis of a data sample �� ���
�

o For example, interarrival times of customers

o Average: �� =
∑ 
�

�
�
�

�
(Function AVERAGE in EXCEL)

o Standard deviation: �� =
∑ (
����)�  �

�
�
���

(Function STDEV in EXCEL)

o Coefficient of Variation (CV): �̂ =
��

� �

• CV of the exponential distribution is equal to one.

• CV should be close to one if the sample is taken from IID exponential random 

variables
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Part 1. Main Sample Statistics (2)
o Confidence intervals (CI) for the average

• Help to quantify the precision of the estimate

• Choose a significance level

– � = 0.05 gives us 95% CI

• Normal Approximation

– CI for the Normal distribution (approximate in other cases)

–

–  !

�

is the 
"

#
quantile of the Standard Normal distribution

– EX:                                                                                [0.780, 1.088]

• Exponential Distribution  

–

– Use EXCEL function CHIINV to compute $# values

– EX: [0.783, 1.109], very close to the normal approximation 
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Part 2. Graphical Representation of Data

• Histograms

o A standard method for data representation

o Divide the data into categories in a reasonable way

o EX: Histogram of 128 service times 

• the bin width is not constant (1 min in [0,10] and 10 min in [10, 30] 

• Usually the bin width is taken to be a constant.
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Part 2. Graphical Representation of Data (2)
• Empirical cumulative distribution function (cdf)

o The empirical cdf of a data sample �� ���
� (N is the number of 

observations) is 

o If {��} are IID (independently and identically distributed with cdf F), 

'�̂ is an unbiased estimator of the cdf F:

o and a consistent estimator: 
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Part 2. Graphical Representation of Data (2)
o EX: the empirical cdf of a data sample with N=10
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Part 3. Fitting the Exponential Distribution

o If �� ���
� is assumed to have some distribution F, then its empirical 

cdf, '(�()), must be close to the theoretical ' ) = * � ≤ ) .

o For the exponential distribution, 

o One can visually observe how close                               is to a straight 

line, whose slope can be used to estimate ,
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Part 3. Fitting the Exponential Distribution (2)

• Q-Q Plots: Widely used to compare sample versus theoretical 

distribution or two sample distributions

• How to plot?
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Part 3. Fitting the Exponential Distribution (3)

o EX) Good picture (exp variables) vs. "Bad" picture (uniform r.v.)

o But still hard to decided
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Part 4. A Test for Non-Homogeneous Poisson Process

• NOTE: L must be chosen 

o large enough to include at least 5-7 observations 

o small enough to assume that the arrival rates are constant within each time block
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Part 3. A Test for Non-Homogeneous Poisson Process

• EX
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Use Q-Q plot to check if of R_ij
is exponentially distributed


