
Statistics



Background

• Data vs. probability models

• Mean of a data set vs. mean of a RV

• “Empirical” mean vs. mean

• Numerical data vs. categorical data



Central Tendency

Where on the 
number line the 
values tend to be 

located

• Mean

• Mode

• Median



Dispersion

• Variance

• Standard deviation

• Coefficient of variation



More Detailed 
Descriptions

• Quantiles

• pth quantile—the value below which the 
fraction p of the values lie

• Percentiles

• 90th percentile—the value that is larger 
than 90% of the data



Histogram



CDF

Provides more information than a histogram



Categorical Data



Time Series Data

• Memory

• (Empirical) autocorrelation function

• Stability

• Break the data set into windows



High Variability

Traditional Statistics Internet Data

Range Within three !
! 3 orders of 

magnitude
(highly skewed)

Distribution Normal (CLT)
Subexponential 
(heavy-tailed)

Description Histogram/CDF
CCDF on log-log 

axes



Zipf’s Law

Highly-skewed categorical data distribution

R = cn−"



Graphs



Graphs

G = (V, E)

Undirected Directed



Subgraphs

G! = ( V !, E !)

V ! ! V (v1, v2) ∈ E!

(v1, v2) ∈ E v1, v2 ! V !

G = (V, E)is a subgraph of

if and only if

and
iff and

Clique



Connection

• Path

• Connected graph

• Strongly connected graph

• Strongly connected component



Characterizing
Graph Structure

• Degree

• Shortest path length

• Diameter

• Characteristic path length: median of

d(i ) =

∑
v! V \{i } d(i, v )

|V | ! 1



Clustering
Tendency for neighbors of a node to 

themselves be neighbors

node i has ki neighbors

C(i ) =
# of edges between i ’s neighbors

ki (ki ! 1)/ 2

Clustering coefficient: average of C(i)



Betweenness

{shortest path between vi and vj | vi and vj !  V}
Given

Betweenness bi of a vertex i
= total # of paths passing through i



Incidence Matrix
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Routing Matrix 
Application (1)
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Routing Matrix 
Application (2)
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Routing Matrix 
Application (3)
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(min, ×) algebra



Commonly Encountered 
Graph Models

• Erdös-Rényi random graph

• Generalized random graph

• Preferential attachment graph



• Gn,p

• n — # of vertices

• p — probability that two vertices has an 
edge connecting them

Erd" s-Rényi
Random Graphs

µM =
n(n ! 1)p

2

µD =
2µM

n
= ( n − 1)p

Average # of edges

Average degree



Generalized
Random Graphs

• Fixed degree sequence {di, i = 1, ..., n}

• Edges are constructed randomly



Preferential Attachment
Random Graphs

• Incremental addition of vertices and edges

• Start with m0 connected vertices

• Add a new vertex with m edges (m < m0)

• Vertex to connect is randomly chosen 
with probability proportional to the 
degree

pD(d) ∼ d! 3 Power law



Regular vs. Random
Graphs

Regular Random

Characteristic 
path length Grows linearly Grows slowly

Clustering High Very small



Small World Graphs

Regular
graphs

Random
graphs

Small world
graphs

Regular Random

Characteristic 
path length Grows linearly Grows slowly

Clustering High Very small



Sampling

• Biased sampling

• Sampling process

• Procedure

• Unrepresentative conditions

• Time average vs. event average

• Poisson sampling



Modeling

• System models

• Simplified representations

• Data models

• Descriptive models

• Constructive models



Descriptive Data Models

• Compact summary of a set of 
measurements (idealized representation)

• A sinusoid with period 24 hours

• Gaussian with mean 100ms and SD 10ms



Constructive Data Models

• Succinct description of a process

• Superposition of a set of flows arriving 
independently, each consisting of a 
random number of packets

• Result of an incremental growth process 
involving preferential attachment



Building a Data Model

• Model selection

• Parameter estimation

• Validation

Occam’s razor



Why Build Models?

• Provide a compact summary

• Gaussian with mean 100ms and SD 10ms

• Expose properties of measurements

• Mean and SD

• Generate random but “realistic” data



Probability Models

• Randomness to capture

• what we don’t want to specify or

• what we don’t know how to specify


