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Now, put them together

The Evolution of Science
� Observational Science

� Scientist gathers data by direct observation

� Scientist analyzes data

� Analytical Science
� Scientist builds analytical model

� Makes predictions.

� Computational Science
� Simulate analytical model

� Validate model and makes predictions 

� Data Exploration Science
� Data-driven science 

Data captured by instruments
or data generated by simulation

� Processed by software

� Placed in a database / files

� Scientist(s) analyze(s) database / files

� Access crucial
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Fourth Paradigm  —Jim Gray’s

Things are similar,

this makes science possible.

Things are different,

this makes science necessary.

Things are similar,

this makes Statistics possible.

Things are different,

this makes Statistics necessary.

BIG Statistics

Business Statistics

Industrial Statistics

Governmental/Official Statistics

(Official Statistics)
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Data Science

BIG Data

High Dimensional Data

The Problem is not only the data is big, but what 
we’re looking for is small… DeVaeux

Time Series Analysis

Time Series Analysis

Time Series Analysis (Univariate)
Linear, ARIMA

Non-linear

Time Series Analysis (Multi-variate)

ARCH & GARCH Model
AutoRegressive Conditional Heteroscedasticity 

GARCH, GARCH-M, Expo-GARCH etc

Long-Memory, high-frequency data

Ito’s Lemma and Black-Scholes Differential 
Equation

Financial Time Series

Value at Risk

Time Series101: Univariate Time Series

135, 143, 127, 129, …, 172 What’s next?

Model Building and Forecasting (short/long term)

Monitoring (Quality Assurance)

Change Point Problem
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Time Series201: Multivariate Time Series Time Series301: Functional Data (Profile)

Time Series 401: Graphic/Network  
(Link Prediction, Communication Network)

More: Directional Graphs
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Quality Engineering

Statistical Process Control:

Control Chart

What (sufficient statistics) to monitor

and its elated distribution

Statistical Hypothesis Testing in action!
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Shewhart Control Charts

(Monitoring the Process)
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Xbar and S Chart for Piston Ring Example

What to plot?

How to read?

Phase I

Phase II

Phase I of SPC

Understand the variation in a process 
over time.

Evaluate the process stability.

Model the in-control process 
performance.

Evaluated by Probability of Signal (POS)

Focus on Robustness

Phase II of SPC

Monitoring the process using on-line 
data

Quickly detect parameter changes from 
the in-control parameter values

Evaluated by Run Length (Average Run 
Length)

Focus on sensitivity
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How to compare two (Phase 

II) control charts?

Run Length Distribution

Run Length Distribution

Run Length (T)

The period that control chart first signals 

Run Length Distribution  f (T)

Distribution of Run Length

Theoretical & Empirical

ARL—Average Run Length E(T)

How long, in the sense of average, we 
could expect the chart to detect signal

ARL has been used as gold standard How informative is ARL?

ARL=10 for the bold line;

ARL=15 for the dashed line;

ARL=25 for the solid line.
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ARL=20 for all ARL may be misleading…

ARL is not so informative.

Is there a better criterion possible???

CRPS:  Continuous Ranked 

Probability Score
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CRPS is popular in 

probability forecasts
CRPS: Geometrical explanation

Applying CRPS to 

Run Length Distribution
CRPS vs ARL
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General Performances of CRPS

Example 1: ideal parameters for EWMA 
chart

Example 2: Control charts for standard 
deviation

Example 3: EWMA-γ & EWMA-γ2 Charts

Example 1:  EWMA Chart

Objective:  

Choose the best combination of  (λ,K).

Crowder (1989) selected (0.20, 2.72) based on ARL.

PD-Plot

Radson & Boyd (2005) 

selected (0.25, 2.76), 

based on PD Plot.

This is consistent with CRPS!

Example 2: Control Charts for standard deviation:

The comparisons via ARL and CRPS

— Schoonhoven and Does (2012)
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The comparison results are 

consistent via ARL and CRPS.

Why?

The Run Length Distribution here is 
believed to be Geometric Distribution

—only one parameter involved!

Example 3: EWMA-γ & EWMA-γ2 Charts
Castagliola et al. (2011, JQT)

The comparison results are different via ARL and CRPS.

Which conclusion is more reliable??? 

Case (n,τ, γ0)=(10, 1.5, 0.2)
More About CRPS

Nau (9185):  For any distant measure d 
who satisfies triangle inequality, we have

smaller CRPS � closer distance

CRPS can also be represented as

For Normal(µ,σ2), this is
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More About CRPS

For comparing Run Length Distribution, take x=0

Then

EF|Y−x|=EF|Y|=EF(Y)=ARL

and

is also known as Gini Mean Difference.

CRPS = ARL + GMD

CRPS: Empirical Properties
Suppose Fn is the empirical function of F…

Advantages of using CRPS

Computationally straightforward

Theoretical Support

CRPS=ARL + GMD (Gini Mean Difference)

Empirical performance 

Paper submitted to Technometrics

Another Look at Run Length Distributions

Wei Wang

Department of Statistics, Penn State University

and

Dennis K.J. Lin

Department of Statistics, Penn State University

November 28, 2012
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Direct Comparison Approach

Comparison without the exact Run 
Length Distribution

Comparison Algorithm

Step 1: Construct the Control limits for all charts.

Step 2:  Simulate the out-of-control signal, 

use all charts to detect the signal simultaneously. 

Record the run length of first out of control signal for 
each chart.

Step 3: Repeat Step 2 for sufficient long times 

(for example, 10,000 times).

Step 4: Summarize the pairwise propositions of which 
chart detect the out of control signal earlier. 

Three Popular Control Charts 

for Detecting Mean-Shift

N(µ1,σ
2)�N(µ2,σ

2)

X-bar Chart

CUSUM Chart

EWMA Chart

X-bar Chart
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CUSUM Chart EWMA Chart

Initial Results:  Zero-State Initial Results:  Steady State
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Observations

Zero-State and Steady-State show the similar results.

When the mean-shift δ becomes large, the X-bar chart
performs better, when δ is small, EWMA chart and
CUSUM chart detect the out-of-control signal earlier.

When δ becomes large, dependency exists between
control charts due to the general large proportion of tie.
We plan to extend such a comparison study to a general
class of all control charts.

Study the Pitman closeness for the simulative
comparisons.

Monitoring Functional Data (Profile)

In general, there are more than one X.

VDP Data

For vertical 

density close 

to the wood 

surface

Profiles A6, A3 & B1 were identified!

Upper Limits are  2.64,  7.02,  and  0.88
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VDP Data Why Functional:  Growth Curve Example

STILL  
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