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centurion

ADDITIONS AND ENHANCEMENTS

This document describes new features added to Version 18 of Statgraphics Centurion. It
includes 30 new procedures and significant enhancements to many existing procedures.
For detailed information about each feature, consult the PDF references indicated
(accessible under Help — Procedure Documentation on the main menu.)
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Data Management and User Interface

Big Data

To handle big data, a special file type called a Statgraphics Big Data file has been
developed. These files have the extension .sgb rather than .sgd. They differ in 2 important
ways from standard Statgraphics data files:

1. They store numeric data in binary format rather than as text. This avoids the step
of converting each data value to a number when it is read into the program.

2. Data is stored column-by-column rather than row-by-row. This dramatically
reduces execution time when individual columns are read into memory.

Using SGB files, Statgraphics Centurion is capable of analyzing data sets consisting of
many millions of records and a large number of columns.

Creating a Big Data SGB File

In order to analyze big data, the data must be placed in an SGB file. This may be done in
either of 2 ways:

1. If the data is not too big, it may be possible to read it into the Statgraphics
DataBook using the usual methods. One may then select File — Save As — Save
Data File As from the main menu and select SG Centurion Big Data File

(.sgh).

2. Convert a text file directly to a Statgraphics SGB file by selecting File — Big
Data - Create Big Data SGB File from the main menu.

To convert the text to an SGB file, information about each field must be entered:
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File: presviews
Year, Month, DayofMonth, Day0fWeek, DepTime, CRSDepTime, ArrTime, CRSArrTime, UniqueCarrier, FlightNum, TailNum, Actua
2008,1,3,4,2003,1955,2211,2225,WH, 335,N7125W,12¢8,150,114,-14, 5, IAD,TFA, 810,4,8,0,,0,NA, N&, NA, NA, NA
2008,1,3,4,754,735,1002,1000,WN, 3231,N7725W,128,145,113,2,19, IAD, TFA, 810,5, 10,0, ,0,NA, NA, N&, N&, NA
2008,1,3,4, 628, 620,804, 750, WN, 448, N428%N, 96, 80, 76, 14, &, IND, BWI, 515, 3,17, 0, , 0, NA, NA, NA, NA, NA
2008,1,3,4,924,930,1054,1100,WN,1746,N6125W, 88, 90,78, -6, -4, IND, BWI, 515,3,7,0,,0,HA NA, NA, NA, NA W
< >
~File type———————— File header—————— Global mizzing walue indicators——————————————————
" Fixed width " HNone @ Mg O [perod] 993 em-dash Mumber of fislds: [29 j
" Tab delimited ' Field name MM O -(hwphen] 2939 all negatives ) )
_ b i rowes: |1DD
& Other Delimiter:  Field description Ll YVY VI 0 ather | .
E straction rows: |1I:|D
MHame Type width L R"S D ezcription

T [Year [Integer | |4 fha [19a7-2008

2 [Month [1rteger ~| ]2 [Ma [Manth 1-12)

3 |Da_l,lofMonth IInteger ;I |2 |NA |Day [1-21)

4 |Da_l,lDM"eek IInteger ;I |1 |NA |‘I [Monday] - 7 [Sunday)

5 |DepT ime |Integer ;I |4 |NA Iactual departure time (local, hhmm]

& |CHSDepT ime IInteger ;I |4 |NA |scheduled departure time [Jocal, hhmm)

7 |AnT ime IInteger ;I |4 |NA |actual arrival time [local, hhmm)

8 |CHSAnTime IInteger ;I |4 |NA |scheduled arrival time [local, hhmm)

3 |UniqueCarrier IEharacter j |2 |NA |unique carrier code

10 |Flighthum [Integer RIRE fha [Hight rumber

1 |TaiINum IEharacter j |E |NA ||:|Iane tail hurnber

12 |ActuaIE lapzedTime IInteger j |4 |NA |in minutes

13 |CRSElapsedTime [Integer | |4 fha [in mirutes

14 IAirT ime: IInteger j |4 INA Iin mirnutes

15 IAnDeIa_l,l IInteger j |4 INA Ianival delay. in minutes

16 |De|:|D elay IInteger j |4 |NA |de|:uarture delay. in minutes

Field information
QK. | Cancel | Help | ’7 Input I Ewtract | QOutput | Back | Mext |

The field information may be extracted from the text file or copies from a datasheet.

Modifying SGB Files

Statgraphics SGB files cannot be modified using the data editor. However, changes can
be made to the existing data by selecting File — Big Data - Modify Big Data SGB File.
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Type Wwidth Drescription
1 | Integer |4 [1387-2008 Fecode
2 [Month | Integer ~| |2 [Morth (1-12] Recode
3 [Dayeianth | Integer ~| |2 |Day (1-31) Recods
4 [Dayiwesk | Integer =N |1 Monday] - 7 [Sunday] Recode
3 |DepTime ||nteger j |4 |actual departure time [lacal, k) Recode
& IEHSDepTime Ilnteger j |4 Ischeduled departure time [local, hhmm] Recode
7 IArrTime IInteger LI |4 Iactual arrival time [local, hhmm] Recode
8 |CRSANTime | Integer | |4 |scheduled arival time (local, ki) Flecode
9 IUniqueCanier IEharacter LI |2 Iunique carrier code Recode
10 [Fiighthlum | Integer | |4 fight rurnbes Recode
n |TaiINum IEharacter j IB ||:Iane tail urmbier Recode
12 IActuaIEIapsedTime IInteger ;I |4 Iin mirutes Fecode
13 IEHSEIapsedTime IInteger LI |4 Iin mirubes Fecode
14 IAirTime IInteger LI |4 Iin minutes Recode
15 IAereIa_l,l IInteger j |4 Iarrival delay, in minutes Fecode
16 |DepDeIay IInteger d |4 |departure delay. in minutes Fecode
’WI Cancel | Help | Back Mext

Combining Big Data Files

2 big data SGB files with identical variable structure may be combined into a single file
by selecting File — Big Data — Combine Big Data SGB Files from the main Statgraphics
Centurion menu.

Calculations and Graphs

There is a new page on the Preferences dialog box that controls several issues pertinent
the analysis of Big Data:

© 2017 by Statgraphics Technologies, Inc.




== Statgraphics 18

Preferences
Dist. Fit ] Capability ] Cortral Charts ] Runs Tests ] Crosstabs ] Text ]
General ] EDA ] ANOVA/Regression ] Forecasting ] Stats ]
Graphics ] Gage Studies ] Language Big Data
Scatterplots
[ Plot hexagons if nis greater than:
I —
[ Dont plot when reduced if nis greater than:
I —
Hexagon plots
MNumber of bins on each =ds:
lr
Minimum bin size:
lgi
Minimum opacity ((-255):
lr
ok | Cancel Show XML Help |

The main issue is that plots that consist of many point symbols take a long time to
produce (as much as 7 seconds per million points). Consequently, the system is set up by
default to same time in 2 ways:

1. By not plotting points symbols when the panes containing the graphs are not
maximized when the number of points is very large.

2. By displaying Hexagon Plots instead of standard scatterplots for very large data
sets.

A typical hexagon plot is shown below, which shows a plot calculated from nearly 7
million points:
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Plot of ArrDelay vs DepDelay
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In this display, the X-Y region is divided into a grid of hexagonal bins. The number of
observations in each bin is then calculated. If a bin contains more than a specified number
of points, a shaded hexagon is plotted instead of the point symbols. The opacity of the
hexagon is related to the relative number of points in the associated hexagonal region.
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Create Data and Code Columns

This new selection under Edit on the main menu converts multiple data columns into a
pair of data and code columns for use in procedures such as Multifactor ANOVA. For
example, suppose you had 4 columns named A, B, C and D with 10 rows in each. This
selection will combine the data into a single column with 40 rows and create a
corresponding code column with either “A”, “B”, “C”, or “D”. The main dialog box for
the procedure is shown below.

Drata Colurnns:

>

B
C
o

¥ Copy other columns
[Select]

™~

— Save in Datashest

Ca CHOCOD OV
B 1 CP W
CCc ey o Cx
CE CL 5 CF
CF OCM T
[ Sort column names G OWN T
Ok I Cancel Delete Transfarm... Help

Reference: Edit Menu
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Data Types

Two new data types have been added to the program:
1. Censored numeric — allows for the entry of censored numeric data. Valid entries
are strings such as “<0.1” for left-censoring, “>10" for right-censoring, and
“[0.1,10]” for interval censoring.

2. Currency — this is a special data type such similar to percentage. Data may be
entered as monetary amounts such as “$9.99” or as a number such as “9.99”
without the currency symbol. If added without the symbol, it will be added
automatically. When defining the column, the symbol may be selected from a
choice of a preceding “$”, a preceding “€”, a following “ €”, a preceding “£”, or a

preceding “¥”.

M arne: ITI
IEDU Caticel
Commert: Define...
I Help
Value Labels...
— Type
7 Numeric " Date
™ Character 7 Month
™ Integer £ Quarter
7 Time [HH: M) " Date-Time [HH:MM)]
™ Time [HH:MM:55] " Date-Time [HH:MM:55]
™ Fised Decimal: |2_ " Percentage
¥ Censored numeric i Eurrency:lG
 Famula
|

Reference: Edit Menu
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Graphics Profile Designer

Added 2 new text size for identifying points on a graph and for labeling contour levels.

Top Title
Subtitle
(X 10000)
1 T Legend Title
i ° ¢ Text
i — : Text
I Text
08 ® Text
L ¢ Text
Q0 I ————o— —_—
(2] -
.<>(_< - r— — v v
S 041
0.2
- G———a8——8 o0—— o — o
B X ——
O 1 1 1 1 | |
Labels 0 0.2 0.4 0.6 0.8 1
_ X-Axis Title (X 10000)
SnapStat text Point labels
User text Contour labels

Reference: Graphics Options
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Operators

Several new operators have been added to the program for use in Statgraphics
expressions:

NGO~ wWNE

9

10.
11.
12.
13.
14.
15.
16.
17.

DAY - extracts the day of the month from a date variable.

DAYOFYEAR- calculates number of days in year up to date specified.
DAYOFMONTH - calculates number of days in month up to date specified.
DAYOFWEEK- calculates number of days in week up to date specified.
GAMMA - returns the value of the gamma function.

HOUR - extracts hour from a date-time variable.

ISMISSING - returns 1 for each missing value and 0 for each non-missing value.

ISNOTMISSING- returns 0 for each missing value and 1 for each non-missing
value.

LNGAMMA- returns the value of the loggamma function.
MINUTE- extracts hour from a date-time variable.

MOD - finds remainder after dividing one number by another.
MONTH — extracts month from a date variable.

POWER - raises numeric values to a power.

QUARTER - extracts quarter from a date variable.
SECOND- extracts second from a date-time variable.

SIGN —returns -1, 0 or 1 depending on sign of numeric value.
YEAR - extracts year from a date variable.

Reference: STATGRAPHICS Operators.
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R - Installation and Configuration

This new menu item assists users in setting up R and the libraries required to use the
Statgraphics/R interface. It also sets the maximum number of seconds that Statgraphics
will wait for R to respond to a request.

1. Toinstall B click the ‘download B' link on the B-project website: Install

2. After installing B, enter the path to Bgui exe in the figld below:

IEZ'\PIDQ[EII‘H Files"R%A-3. 2. drevizedibintwB44F gui.exe Test |

3. Set the maximum time to wait for B to execute a set of commands:

I'I 20 secands

4. Inztall the B packages for the procedures you wish to uze. After pressing a button, type ChilY to copy and execute
the required commands.

Lizt installed packages |

Inztall pandoc Fequired by all procedures and for executing scripts.

Ingtall ggplot2 Required to create graphs.
Install seazonal for 2-138RIMA-SEATS Seazonal Adjustment.
Install interval lcens for nonparametric analysiz of arbitranly censored data.

Install trn, S nowballC wordecloud for Test Mining.

Ingtall MASS for Multidimensional 5 caling.

Install tree for clazsification and regrezsion trees [CART).

(] | Cancel | Help |

Reference: R — Installation and Configuration

© 2017 by Statgraphics Technologies, Inc.
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Repeat Analysis For

This new selection under Edit on the main menu lets you run an existing analysis on a
selected set of other variables. A new window is generated for each variable. The main
dialog box for the procedure is shown below.

b ake ~  Replacement variables:

Model Engine Size
Type \L F!F'Erlwl

Mir Price Fueltark,
Mid Price Length

b & F'rI.I:E "Wheelbaze
MPG City "Afidth

FMPG Highway
Air Bagz

Dirive Train
Cylinders
Engine Size
Harzepower
FiPk

Rewvs per Mile
b aral
Fuelkank:,
Fazzengers
Length
Wheelbaze

Wafidth
I Turn Space
Rear zeat o

I iimAa=mn

W Change second variable instead of first

[ Sort column names [ Hold axiz scaling constant

Cancel | Delete | Help |

Reference: Edit Menu
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Replace Censored Values

This new selection under Edit on the main menu lets you replace any censored values in a
column defined as type Censored numeric with specific data values. For example, the
dialog box below specifies replacement values for 3 entries: “<1”, “<2”, and “>5".
Replacement of censored values is necessary in order to use analyses that are not
designed to handle censored data.

Original Entry: Feplacement % alue:; Criginal E nkry: Feplacement % alue:
<1 |05
<2 1.5
|>5 5.0

Cancel | Help |

Reference: Edit Menu

© 2017 by Statgraphics Technologies, Inc.
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System Preferences

A change has been made to the Forecasting tab to allow a choice between the “Box-
Pierce” test and the “Ljung-Box” test when testing for autocorrelations in the residuals:

Control Charts I Runs Tests I Crosstabs I Text | Graphics I Gage Studies I Language
General | EDA | ANOVA/Regression  Forecastng | Stats | Dist.Fit | Capabilty
— Models Included
v Random Walk - v include constant ¥ Maving Average - max. order = I2
¥ Mean v Simple Exp. Smoothing
v Linear Trend ¥ Brown’s Linear Exp. Smoothing
[T Quadratic Trend ¥ Holt's Linear Bxp. Smoaothing
[T Exponertial Trend [T Quadrtic Bxp. Smoothing
[T 5Curve [T Winters' Bxp. Smoothing
¥ ARIMA AR Tems ——— —MA Temns ——— [~ Differencing
Mz order p: IZ &+ Max. order g: IZ Mazx. order d: IZ
i~ Ficatp-1 ¥ Include constant
— Information Criterion ————— Forecast Limits Residual ACF Test ———
£ Alcailee (BIC) " B0%  + 95% " Box-Pierce test
£ Hannan-Quinn {(HAC) 8% O 59% @ Ljung-Boxtest
" Schwarz Bayesian (SEIC) " 90%

oK I Cancel Show XML Help

© 2017 by Statgraphics Technologies, Inc.
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A change has also been made to the EDA tab to allow for inclusion of a “diamond” on
Boxplots to show confidence intervals for the mean:

Dist. it | Capabiity | ControlChats | RunsTests | Crosstabs | Tet
Graphics | (Gage Studies I Language I Big Data
General EDA I ANOVA/Regression I Forecasting I Stats

— Histograms - Mumber of Classes | — Bowplots —————— — Probability Plots

" Sturges' rule £ Vertical " Horizontal

&+ 10log10in) " Horizontal &+ Vertical

" Scott’s nle e Automatic — Fitted Line

" Freedman-Diaconis rule —Features ———————— " None

" Ficed ruamber: ™ Median Notch " Using Quartiles

IZ,D— v Outlier Symbals " |sing Least Squares
v Mean Marker ¥ |Jsing Mean and Sigma

— Density Tace ————————————— I Diamond

" Boxcar ¥ Include Corfidence Limits:

&+ Cosine |55-£I %

interval Width: ¥ Include Shapiro-Wik Test
Iﬁ'ﬂ %

ok | Cancsl Show XML Hep |

In addition, a new “Automatic” preference for Boxplots allow the program to pick what it
considers to be the best orientation on a case-by-case basis.

© 2017 by Statgraphics Technologies, Inc.




=a Statgraphics 18

Finally, a change has been made to the Dist. Fit tab to specify the minimum frequency for
a class when performing a chi-square test below which it will be combined with adjacent
classes. Valid entries are integers between 1 and 10.

Control Charts I Runs Tests I Crosstabs I Text I Graphics I (Gage Studies | Language
General | EDA | ANOVA/Regression | Forecasting | Stats  Dist. Fit |Capabi|'rty

— Tests for Nomality — Plot Legends

[ Chisguare [™ Include parameter estimates
W' Shapiro-Wilk —Chi-sguare tests
[ Skewness Minimum class frequency:

[T Kurtosis I

—General Goodness-of-Fit Tests
[~ Chisquare

[~ Kolmogorov-Smimoy

[~ Medfied Kelmogorov-Smimayv D
[~ KuiperV

[T Cramer-Von Mises W™2

[~ Watson U2

v Anderson-Daring 472

¥ Calculate distibution-speciic P-values

QK I Cancel Show XML Help

Reference: Preferences
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Changes to Existing Analyses

Bivariate Density Statlet

=
mn

EE Bivariate Density - Heart Rate

[o] & ]

. =1
Classes: |22 =l

o N

" Frequency histogram  From: |55.0 To: [95.0 Frarm: |SB.U

" Mormal dishibution (% MNonparametric denzity estimate with width: |SDZ

i

To: [1020
Resolution: {101 ¥ Displayin 2D ¥ Display points

. |
Claszes: |22 = FReset

Bivariate Density

B

102

101

100

99

Temperature

98

97

96

Heart Rate

Kl

95

Reference: Bivariate Density Statlet
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Box-and-Whisker Plots

A new feature has been added to all box-and-whisker plots. It adds a diamond to the plot
covering the range of a 100(1-a.)% confidence interval for the mean. The change has
been made in the following procedures:

Box-and-Whisker Plots (One Sample)
Box-and-Whisker Plots (Multiple Samples)

Multiple Sample Comparison

Multiple Variable Analysis

One Variable Analysis

Oneway ANOVA

Two Sample Comparison

Paired Sample Comparison

Subset Analysis

Rowwise Statistics

Matrix Plot

Outlier Identification

Monte Carlo Simulation (General Simulation Models)
Monte Carlo Simulation (Random Number Generation)
Item Reliability Analysis

Gage Studies (Average and Range Method)

Gage Studies (ANOVA Method)

Gage Studies (Range Method)

SeTOoOS3ITATToS@O o0 T

Box-and-Whisker Plot

Domestic

20 25 30 35 40 45 50
MPG Highway

Reference: Box-and-Whisker Plot

© 2017 by Statgraphics Technologies, Inc.
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Capability Analysis for Variable Data

The Analysis Options dialog box has been changed to allow the selection of the method
for analyzing the short-term sigma:

Diigtribution

i I T T B T T B B B

Bimbaum-5 aunders
Cauchy

E xponential

Exponential [2-parameter)
E xponential Power
Falded Mormal

Gamma

GFamma [3-parameter]
Generalized Gamma

Generalized Logistic

[hizhude

i+
~
~
~

The default value is determined from the system preferences.

Long-term and short-term
Long-term only [labeled P
Long-term only [labeled C]

Shart-term only

Process Capability Analysis Options

i I T T B T T B B B

Half Mormal [2-parameter)
Inverse Gaussian
Laplace

Largest Extreme W alue
Logistic:

Loglogistic:

Loglogistic: [3-parameter]
Lognormal

Lognarmal [3-parameter)
b awell [2-parameter)

[rata Transformation
* Mone

(" Logarithm

" Power: |05

(" Box-Cox [optimized)

B

i I IS B B B

Pareto [2-parameter)
R ayleigh [2-parameter)

Smallezt Extreme Y alue
Weibull [3-parameter]

Johnzon SB.SLSU

Lowwer Threshold:

T
——

(]
Cancel

Help

Parameters

Shaort-term zigma

* Fram average MP
" From median MB
" From mean 550

[ &pply 5 biaz comection

An option has also been added to find the best-fitting Johnson curve. Johnson curves are

available with all possible combinations of skewness and kurtosis.

Reference: Capability Analysis (Variable Data)
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Design of Experiments Wizard: Definitive Screening Designs

A new type of experimental design has been added to the Design of Experiments Wizard.

Called Definitive Screening Designs, these designs are small designs capable of
estimating models involving both linear and quadratic effects, although second-order
interactions are partially confounded with themselves and with quadratic effects. In
addition, designs for 6 or more factors collapse into designs which can estimate the full
second-order model (including interactions) for any 3 factors.

DSDs may be constructed for any combination of continuous and 2-level categorical
factors where the total number of factors is between 4 and 16. Both blocked and
unblocked designs are available. They appear on the list of screening designs during the

Select Design step.

Mame Funz Rezolution Errar d.f. Block Size
Factorial 25 az T+ 1€ az LI
Factorial 2°5 az T+ 1€ az
Factorial in 2 blocks 2°5 az T+ 15 1€
Factorial in 4 blocks 25 az e 13 g
Factorial in B blocks 2°5 az v 11 1
Factorial in 1€ blocks 25 az v 11 o
Half fraction 2-5-1 1€ v 0 1€
Irreqular fraction 2=523/8 iz =TT 1 iz
Quarter fraction 2-5-2 g III 0 g
Mixed level fraction a+z~4-1 24 T 7 24
Mixed level fraction aszra-2 1z ~IV 1 1z
Half fraction in 2 blocks 2+5-1 1€ v a 8
Definitive screening design 13 IV 1] 13
BElocked definitive =screening design 13 Iv a 7
User—specified design
W Dizplay Blocked Designs

] I Cancel Back Help

Reference: DOE Wizard — Definitive Screening Designs

© 2017 by Statgraphics Technologies, Inc.
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Forecasting and Automatic Forecasting

The Ljung-Box test replaces the Box-Pierce test when testing for autocorrelation
remaining in the residuals. The Ljung-Box test has been shown to have superior
performance.

Model Comparison

Key:

RMSE = Root Mean Squared Error

RUNS = Test for excessive runs up and down

RUNM = Test for excessive runs above and below median
AUTO = Ljung-Box test for excessive autocorrelation
MEAN = Test for difference in mean 1st half to 2nd half
VAR = Test for difference in variance 1st half to 2nd half
OK = not significant (p >= 0.05)

* = marginally significant (0.01 < p <= 0.05)

** = significant (0.001 < p <= 0.01)

*** = highly significant (p <= 0.001)

If desired, users can switch back to the Box-Pierce test using the Forecasting tab on the

Preferences dialog box.

Control Charts I Runs Tests I Crosstabs I Text | Graphics I (Gage Studies I Language
General | EDA | ANOVA/Regression  Forecasting | Stats | Dist.Fit | Capabilty

— Maodels Included

¥ Fandom Walk - ¥ include constant ¥ Moving Average - max. order = I2
¥ Mean ¥ Simple Exp. Smoothing
¥ Linear Trend ¥ Brown's Linear Exp. Smocthing

[ Quadrtic Trend
[ Exponential Trend

¥ Holt's Linear Bxp. Smoothing
[T Quadrtic Bxp. Smoothing

[ 5Curve [~ Winters' Exp. Smoothing
[+ ARIMA AR Tems —— — MA Tems Cifferencing
Max. order p: |2 * Max. order g: IE Ma. order d: IE
" Fixatp-1 ¥ Include constant
— Information Criterion ————— Forecast Limits Residual ACF Test ———
& Alcailce (AIC) " B0 ¥ 95% = Box-Pierce test
£ Hannan-Quinn (HAC) © 75% O o59% # IpngBaxtest
™ Schwarz Bayesian (SEIC) o0

0K | Cancel | ShowxmL Help

Reference: Forecasting
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== Statgraphics 18

General Linear Models
The following changes have been made:
1. The interaction plot now displays interaction between one categorical factor and

one guantitative factor.
2. Contour plots label each contour.

Interaction Plot
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= all-wheel drive
= front-wheel drive
45 — rear-wheel drive

N
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w
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Contours of Estimated Response Surface
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300 - MPG Highw ay
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250 — 15.0
L — 20.0
C — 25.0
5 200 — 30.0
2 r »o 35.0
o C — 40.0
$ 150F A° — 450
2 C
Q [
T 100F 30
50 :_ 0 ;;,
B i
- i
(0] it 1 1 1 1 |; J'J]D
1600 2100 2600 3100 3600 4100 4600

Weight

Reference: General Linear Models
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== Statgraphics 18

Monte Carlo Simulation - ARIMA Model Simulation

A new data input dialog box has been added that may be used to set the starting values
for the time series:

[Starting values: ]
[Time indices:]

>

[Select:)

™

[ Sort column names

| ] I Cancel | Delete | Transfu:urm...l Help

Starting values: optional data to be used to set the starting values. The simulated data is
assumed to begin immediately after the end of this data.

Time indices: optional values indicating the time at which each of the starting values was
recorded. If supplied, these values will be used to scale the plot of the simulated data.

Select: optional subset selection.

If no starting values are supplied, the simulation will generate random starting values by
simulating twice as much data as requested and discarding the first half.

The previous data input dialog box has been moved to Analysis Options.

© 2017 by Statgraphics Technologies, Inc.
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== Statgraphics 18

Monte Carlo Simulation - General Simulation Models

A new graph has been added, called a “Sensitivity Tornado Plot™:

Sensitivity Tornado Plot

Taskil | |
Task8 |
Task1l

Task12
Task5
Task9
Task4
Task?2

Task10
Task3
Task6
Task7

[ At 5.0%
@ At 95.0%

153 155 157 159 161 163
Total time

It shows the effect of each input variable on a response when it is changed over a
specified percentage of its probability distribution, with all other variables held at their
median values. The variables are sorted from top to bottom in order of their overall
effect.
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Multivariate Capability Analysis
Several new features were added to this procedure:

1. Confidence intervals may now for calculated for multivariate capability indices
using bootstrapping.
2. Multivariate tolerance limits may be calculated using either of 2 approaches:
a. Simultaneous limits for each variable using a Bonferroni approach.
b. Exact elliptical tolerance regions based on Monte Carlo methods.
3. Atable lists the normalized squared distance of each multivariate observation
from the centroid of the variables.

Multivariate Tolerance Region
95% Confidence; 99% Coverage
10.0

13 .

-1 10.0

Large

Reference: Multivariate Capability Analysis
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== Statgraphics 18

Multiple Sample Comparison
The following changes have been made:

1. The Analysis Options dialog box now gives the option to treat factor levels as
numeric. This improves the display of numeric factors in tables and graphs.

2. A diamond may be added to the multiple box-and-whisker plot showing
confidence intervals for each level mean.

Box-and-Whisker Plot

60
55
50
45
40

; 'l"Pe

MPG Highway

25
20
15
10k, . L L L L

Cylinders

Reference: Multiple Sample Comparison
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== Statgraphics 18

Oneway ANOVA
The following changes have been made:

3. The Analysis Options dialog box now gives the option to treat factor levels as
numeric. This improves the display of numeric factors in tables and graphs.

4. A diamond may be added to the multiple box-and-whisker plot showing
confidence intervals for each level mean.

Box-and-Whisker Plot

10_—

Passengers

O _I 1 1 1 1 1 1
20 25 30 35 40 45 50
MPG Highway

Reference: One-Way ANOVA
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Piechart/Donut Chart

This menu item was renamed and a donut chart added as an alternative to the piechart.
The donut chart is similar to the piechart except that the center is removed.

Donut chart for Respondents

6.86%

Respondents
CBush
EKerry
[ Undecided

—48.21%

Reference: Piechart
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== Statgraphics 18

Simple Regression, Polynomial Regression, Box-Cox Transformations,
and Calibration Models

A new feature has been added to the Plot of Fitted Model that shades the area between
the prediction and confidence limits.

Plot of Fitted Model
chlorine = sqrt(0.131783 + 0.895725/weeks)

chlorine
o
N
N
T

0.38 |,

Reference: Simple Regression
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== Statgraphics 18

Subset Analysis

Several new features were added to this procedure:

1.
2.
3.

A table of percentiles may now be created for each level of the code variable.

A plot of the percentiles by code level may be created.

A diamond may be added to the multiple box-and-whisker plot showing
confidence intervals for each level mean.

Axis scaling has been improved for numeric codes.

Percentile Plot

50 - -
—=— 99%
E E 95%
ast —— 90%
C —— 75%
g 40F 4 - 50%
2 —— 2504
= —— 10%
T 35 1 —— &
8 —&— 10p
S 30F -
25 -
20 r -

Compact Large Midsize Small Sporty Van
Type

Reference: Subset Analysis
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Surface and Contour Plots
The following features have been added:

1. Levels are now labeled on contour plots.
2. Arribbon plot has been added.

X+y-2*x*y

Function
— -10.0
— 8.0
— -6.0
— -4.0
— -2.0
0.0
2.0
4.0

X+y-2*x*y

Function

Reference: Surface and Contour Plots
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=a Statgraphics 18

Tabulation

An option has been added to create a donut chart. It is similar to a piechart except that the
center is missing.

Type
Donut chart for Type O Compact

ELarge
9.68% O Midsize
CISmall
B sporty
Clvan

15.05%

Reference: Tabulation
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X-bar and R Charts

In earlier versions, these charts were limited to a maximum subgroup size of n = 100.
That limitation has been removed.

X-bar Chart for X

average subgroup size: 200

T T T T T T_]
oz 10.184

10.1 /\ /\ .

10 \\ A /\-
@ S 9.974

" :

9.9 -1

9.8 .
9.763

9.7 &y 1 1 1 1 1]

0 4 8 12 16 20

Subgroup

Reference: X-bar and R charts

© 2017 by Statgraphics Technologies, Inc.
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New Statistical Analyses

Attribute Capability Analysis Statlet

This Statlet performs a capability analysis based on attribute data. The data may consist
of either the number of nonconforming items in a sample or the total number of
nonconformities if an item can have more than one nonconformity. The analysis is based
on either the binomial or the Poisson distribution.

The Statlet will calculate:
1. Parameter estimates and confidence limits or upper confidence bounds.
2. Capability indices (at both the best estimate and the upper bound).
3. DPM (defects per million).

The analysis may be based on either a classical or Bayesian approach.

Attribute Capability Analysis =N (==
Parameter. |prupulli0n of nenconforming items ﬂ MNumber of nonconforming items: |0 Confidence limits: | Upper |  Beta prior parameters: Update
Method: | classical | Sample size: [100 Solveforn | [350 % «f | ] [ 1.0 r

Binomial Likelihood Function
ML estimate = 0.0 95.0% upper confidence bound = 0.029513

1F ' ' ' — At upper limit:
r ] DPM=29513.05
L i Yield=97.05%
0.8 — — Z=1.89
N ] Cpk=0.63
L i SQL=3.39
S 06 -
= r 1  Atestimate:
= L ] DPM=0.00
= 04 - Yield=100.00%
B ] Z=infinity
L i Cpk=infinity
0.2 - SQL=infinity
0 1 1 | I 11
0 0.02 0.04 0.06 0.08 0.1

proportion of nonconforming items

Reference: Attribute Capability Analysis Statlet
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== Statgraphics 18

Capability Control Chart Design Statlet

This new Statlet assists analysts in determining how large samples should be when
constructing capability control charts. Capability control charts monitor processes which
have been shown to be stable and capable of producing results that yield small numbers
of nonconformities.

Capability control charts may be constructed for::

1. The short-term capability index Cp.

2. The long-term capability index Pp.

3. The short-term capability index Cpk.

4. The long-term capability index Ppk.

5. The proportion of nonconforming items.

6. The rate of nonconformities.
Capability Control Chart Design E=SEER |
Paraneter to be esiated Estimated subgroup siana: Subgyoups per sample: Base sample szzon  Ceriering: Mohatsk: [0 % Atemaibevaue Power [0 % Chatupe
[Eo Ghertem) e — [Porer =] 5 TN 3] — S| e N

OC Curve - n=55

LCL=1.1486 1.5000

0.8

0.6

Pr(accept)

0.4

0.2
(1.0000,0.0950),

o

2 3 4
True Cpk

(=]
=

Reference: Capability Control Chart Design Statlet
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Capability Control Charts for Attributes

This procedure constructs Phase |1 statistical process control charts for monitoring either
the proportion of nonconforming items or the rate of nonconformities in a process. Given
a process that is deemed to be capable of satisfying stated requirements based on the
analysis of attribute data, these charts monitor continued compliance with those
requirements.

Capability Control Chart for Count

S ottt L1 A M
yRisder
oLd . , , , i

Reference: Capability Control Charts for Attributes
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Capability Control Charts for Variables

This procedure constructs Phase 11 statistical process control charts for monitoring
capability indices such as C, and Cpi. Given a process that is deemed to be capable of
satisfying stated requirements based on the analysis of variable data, these charts monitor
continued compliance with those requirements.

Capability Control Chart for Cpk

1 2.7060

Cpk
N

S N :2.0000
A Y

1.6 ]
I 1 1.2647
1.2 o, 1 I 1]
11/1/2016 11/11/2016 11/21/2016 12/1/2016

Date

Reference: Capability Control Charts for Variables
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Classification and Regression Trees

The Classification and Regression Trees procedure implements a machine-learning
process to predict observations from data. It creates models of 2 forms:

1. Classification models that divide observations into groups based on their observed
characteristics.
2. Regression models that predict the value of a dependent variable.

The models are constructed by creating a tree, each node of which corresponds to a
binary decision. Given a particular observations, one travels down the branches of the
tree until a terminating leaf is found. Each leaf of the tree is associated with a predicted
class or value.

Observations are typically divided into three sets:
1. Atraining set which is used to construct the tree.
2. A validation set for which the actual classification or value is known, which can
be used to validate the model.
3. A prediction set for which the actual classification or value is not known but for
which predictions are desired.

The dependent variable may be either categorical or quantitative, as may the predictor
variables. The calculations are performed by the “tree” package in R.

Species

Petaugr]ath<2 45

Petalwillth<1.75

Pe mnTaS Permmj.es
Sepal <5.15

virginica virginica virginica

setosa

versia@liogicolor

Reference: Classification and Regression Trees
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Demographic Map Visualizer (Locations)

This new Statlet is designed to illustrate changes in location statistics over time. Given
data at each of k locations during p time periods, the program generates a dynamic
display that illustrates how the data have changed at each location. Typical applications
include plotting:

1. Population and other demographic measurements.
2. Unemployment indices, housing starts, and other economic indices.
3. Environmental statistics.

The data at each location is drawn using a bubble whose size is proportional to the
observed data value. As time changes, the analyst can follow changes in the data at each
location. Various options are offered for smoothing the data and for dealing with missing
values.

Demographic Map Visualization (Locations) [ [-E ]
Slee: (2010 ﬂ 4 \i\ \E\ \E\ \E\ \E\ \E\ Hep\ay:’m Frames per second: IS—ﬂ
Year = 2010

Reference: Demographic Map Visualizer (Locations)
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Diamond Plot

The Diamond Plot procedure creates a plot for a single quantitative variable showing the
n sample observations together with a confidence interval for the population mean.

Diamond Plot
95% confidence interval for mean: [27.99, 30.18]

Sample size: 93
Average: 29.09

Standard deviation: 5.33
Minimum: 20.00
Maximum: 50.00

DDDDDDDDI@DDDD ooo oo o a

14 24 34 44 54 64
MPG Highway

Reference: Diamond Plot
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Distribution Fitting (Arbitrarily Censored Data)

The Distribution Fitting (Arbitrarily Censored Data) procedure analyzes data in
which one or more observations are not known exactly. In particular, observations may
be:

1. Left-censored: known to be less than a stated value.
2. Right-censored: known to be greater than a stated value.
3. Interval censored: known to fall within a stated interval.

The procedure calculates summary statistics, fits distributions, creates graphs, and
calculates a nonparametric estimate of the survival function.

Survival Function
Normal:Mean=40.351,Std. Dev.=26.6547

1_| — T r 1 v v 1 r 1 r T T 1 77 T_]
[ 11— Normal
L 1[— KMT
0.8 1 — 95% KMT limits
S
*g L 4
= 0.6_— 7
(i
§ L ]
S 0.4_— 7
=}
n N ]
0.2_— 7
(0] = T T R SR
0 20 40 60 80 100

days

Reference: Distribution Fitting (Arbitrarily Censored Data)
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Equivalence and Noninferiority Tests (Comparing Mean to Target)

This procedure tests whether the mean of a sample obtained from a single population may
be considered to be equivalent to a target value. A mean is considered to be “equivalent”
if it falls within a specified interval surrounding that target value. Unlike standard
hypothesis tests which are designed to prove that a mean is significantly different than a
specified value, equivalence tests are designed to prove that the mean is essentially
equivalent to the target.

The procedure may also be used to demonstrate noninferiority. A sample is considered to
be “noninferior” if the difference between the mean and the target value is no greater than
(or no less than) a specified value. This situation corresponds to a one-sided test of
equivalence.

Equivalence Test - alpha = 5%

LEL: 725.0 750.0 UEL: 775.0
T T

|—a——| A
] :
e

1
720 740 760 780 800
Mean

Reference: Equivalence and Noninferiority Tests (Comparing Mean to Target)
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Equivalence and Noninferiority Tests (Comparing Paired Samples)

This procedure tests whether the means of 2 samples may be considered equivalent,
assuming that the data in the 2 samples consist of matched pairs. Two samples are
considered to be “equivalent” if the difference between their respective means falls
within some specified interval surrounding 0. Unlike standard hypothesis tests which are
designed to prove superiority of one method over another, equivalence tests are designed
to prove that two methods have essentially the same mean.

The procedure may also be used to demonstrate noninferiority. Two samples are
considered to be “noninferior” if the difference between their respective means is no
greater than (or no less than) a specified value. This situation corresponds to a one-sided
test of equivalence.

Equivalence Test - alpha = 5%

LEL: -25.0 0.0 UEL: 25.0
I 8 I Method A v Method B
I - I Method A v Method C
I = I Method B v Method C
-47 -27 -7 13 33

Difference Between Means

Reference: Equivalence and Noninferiority Tests (Comparing Paired Samples)
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Equivalence and Noninferiority Tests (Comparing Two Means)

This procedure tests whether the means of 2 samples may be considered equivalent. Two
samples are considered to be “equivalent” if the difference between their respective
means falls within some specified interval surrounding 0. Unlike standard hypothesis
tests which are designed to prove superiority of one method over another, equivalence
tests are designed to prove that two methods have essentially the same mean.

The procedure may also be used to demonstrate noninferiority. Two samples are
considered to be “noninferior” if the difference between their respective means is no
greater than (or no less than) a specified value. This situation corresponds to a one-sided
test of equivalence.

Equivalence Test - alpha = 5%

| LE!_: -25.0 | 0.0 | UEL: 25.0I
| a i AVB
I - I AvC
I & I BvC
. . . . .
-48 -28 -8 12 32

Difference Between Means

Reference: Equivalence and Noninferiority Tests (Comparing Two Means)
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Equivalence and Noninferiority Tests (2x2 Crossover Study)

This procedure is used to demonstrate the equivalence of 2 treatments based on a 2x2
crossover study. In such a study, subjects are randomly assigned to 2 sequences. In one
sequence, treatment #1 is applied first, followed by treatment #2. In the other sequence,
treatment #2 is applied first followed by treatment #1. We wish to demonstrate
equivalence between the means of the 2 treatments.

The procedure may also be used to demonstrate noninferiority. Two samples are
considered to be “noninferior” if the difference between their respective means is no
greater than (or no less than) a specified value. This situation corresponds to a one-sided
test of equivalence.

Equivalence Test - alpha = 5%
test - reference

LEL: -8.25594 UEL: 8.25594
T T T T

1 1 1 1 1 1 1
-9 -6 -3 0 3 6 9
Difference Between Means

Reference: Equivalence and Noninferiority Tests (2x2 Crossover Study)
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Heat Map

The Heat Map procedure shows the distribution of a quantitative variable over all
combinations of 2 categorical factors. If one of the 2 factors represents time, then the
evolution of the variable can be easily viewed using the map. A gradient color scale is
used to represent values of the quantitative variable.

Heat Map for Total Crime Rate
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Reference: Heat Map
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Likert Plot

The Likert Plot procedure analyzes data recorded on a Likert scale. Likert scales are
commonly used in survey research to record user responses to a statement. A typical 5-
level Likert scale might code user responses according to:

1 = Strongly disagree

2 = Disagree
3 = No opinion
4 = Agree

5 = Strongly agree

This analysis calculates summary statistics and displays the results using a diverging

stacked barchart.

Employment sector: Academic
Employment sector: Private consultant
Employment sector: Business and industry
Employment sector: Government
Employment sector: Other

Race: Asian

Race: W hite

Race: Other

Race: Black or African American
Education: Master's and Above
Education: Associate's and Bachelor's
Gender: Male

Gender: Female

-100

Reference: Likert Plot

Likert Plot

Is your primary position professionally challenging?

==

WO —

Il Strongly disagree
I pisagree

1 No Opinion

[ Agree

Il Strongly Agree

NN | ]

I/
I/ —
(N |
CLI T .

[l

T
1l
I

© 2017 by Statgraphics Technologies, Inc.

49



== Statgraphics 18

Multidimensional Scaling

The Multidimensional Scaling procedure is designed to display multivariate data in a
low-dimensional space. Given an n by n matrix of distances between each pair of n
multivariate observations, the procedure searches for a low-dimensional representation of
those observations that preserves the distances between them as well as possible. The

primary output is a map of the points in that low-dimensional space (usually 2 or 3
dimensions).

Input to the procedure may be either:
1. Ann by n matrix of distances or “dissimilarities”.
2. Ann by p matrix of observations for p variables, from which a distance matrix

may be constructed.

The calculations are performed by R using the “cmdscale” and “isoMDS” functions.

2D Coordinate Plot
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Reference: Multidimensional Scaling
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Multiple Diamond Plot

The Diamond Plot procedure creates a plot for two or more samples showing the sample
observations together with confidence intervals for their respective population means.

Diamond Plot by Type

T T T T T T
Compact oooaps 0 O
Large X Xpx
Midsize 0000 a0000
Sma” 4+ A=t + + + +
Sporty OOO=LOO O O
Van + 4+
1 1 1 1 1 1
14 24 34 44 54 64
MPG Highway

Reference: Multiple Diamond Plot
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Multiple Violin Plot Statlet

The Multiple Violin Plot Statlet displays data for 2 or more quantitative samples using a
combination of a box-and-whisker plot and a nonparametric density estimator. It is very
useful for visualizing the shape of the probability density function for the populations
from which the data came.

Multiple Violin Plot [E=8 Eom 5
Smaoathing method: Interval width Orientation: [ Median Notch ¥ Mean Marker
" Bowecar % Cosine 20 ﬂ J jz * Werical " Horizontal ¥ Dutlier Symbals

Violin Plot by Species

9.8

7.8

5.8

3.8

Petal length

1.8

setosa versicolor virginica

-0.2

Reference: Multiple Violin Plot Statlet
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Multivariate Normal Random Numbers

This procedure generates random numbers from a multivariate normal distribution
involving up to 12 variables. The user inputs the variable means, standard deviations, and
the correlation matrix. Random samples are generated which may be saved to the
Statgraphics databook.

Multivariate Normal Random Numbers

Variable [Mean [Standard Deviation Sample Mean Sample Standard Deviation
X1 2.0 0.02 1.99958 0.0208044
X2 250.0 |10.0 249.3 10.4658
Correlations
X1 | X2
X1 1.0 [0.9
X2 10.9 [1.0
Sample Correlations
X1 X2
X1 1.0 0.914191

X2 [0.914191 |1.0

Sample size: 200
Seed for random number generator: 11344

Reference: Multivariate Normal Random Numbers
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Multivariate Normality Test

This procedure tests whether a set of random variables could reasonably have come from
a multivariate normal distribution. It includes Royston’s H test and tests based on a chi-
square plot of the squared distances of each observation from the sample centroid.

Multivariate Normality Test
Data variables:

stiffness (psi)

bending strength (psi)

Mean Standard deviation
stiffness 1860.5 352.214
bending strength 8354.13 |1867.17

Sample Correlations

stiffness bending strength
stiffness 1.0 0.549872
bending strength 0.549872 [1.0

Number of observations = 30

Goodness-of-Fit Test

Test Statistic  [P-Value
Shapiro-Wilk W - stiffness 0.975 0.6798
Shapiro-Wilk W - bending strength 0.976 0.6980
Royston's H 0.325 0.8545

Chi-Square Plot
with 95% K-S limits

A-D = 0.339
P-value > .25

CDF

0 1 1 1 1 1 1
0 2 4 6 8 10
squared distance

Reference: Multivariate Normality Test
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Multivariate Tolerance Limits

The Multivariate Tolerance Limits procedure creates statistical tolerance limits for data
consisting of more than one variable. It includes a tolerance region that bounds a selected
p% of the population with 100(1-a)% confidence. It also includes joint simultaneous
tolerance limits for each of the variables using a Bonferroni approach. The data are
assumed to be a random sample from a multivariate normal distribution. Multivariate
tolerance limits are often compared to specifications for multiple variables to determine
whether or not most of the population is within spec.

Multivariate Tolerance Region
95% Confidence; 90% Coverage
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X1

Reference: Multivariate Tolerance Limits
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Orthogonal Regression

The Orthogonal Regression procedure is designed to construct a statistical model
describing the impact of a single quantitative factor X on a dependent variable Y, when
both X and Y are observed with error. Any of 27 linear and nonlinear models may be fit.
Tests are run to determine the statistical significance of the model. The fitted model may
be plotted with confidence limits and/or prediction limits. Residuals may also be plotted
and unusual observations identified.

Plot of Fitted Model
August hens = 1.71535 + 0.691903*Spring hens
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Reference: Orthogonal Regression
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Population Pyramid Statlet

The Population Pyramid Statlet is designed to compare the distribution of population
counts (or similar values) between 2 groups. It may be used to display that distribution at
a single point in time, or it may show changes over time in a dynamic manner. In the
latter case, various options are offered for smoothing the data and for dealing with
missing values.
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Reference: Population Pyramid Statlet
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Sunflower Plot

The Sunflower Plot Statlet is used to display an X-Y scatterplot when the number of
observations is large. To avoid the problem of overplotting point symbols with large
amounts of data, glyphs in the shape of sunflowers are used to display the number of
observations in small regions of the X-Y space.

Ha Sunflower Plot - SYSBP vs. DIABP (=[]
MHurnber of binz per asis: rimirnLim bin
[} ﬂ J ﬂ 3 ill [ Randomize angles of petals

Sunflower Plot
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Reference: Sunflower Plot
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Text Mining

The Text Mining procedure analyzes one or more text columns or documents to
determine how frequently various words are used.

The calculations are performed by the “tm” package in R. To run the procedure, R must
be installed on your computer together with the tm, wordcloud, and RColorBrewer

packages.

The main output of this procedure is an identification of those words that occur most
frequently. Both tabular and graphical summaries are provided.
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Reference: Text Mining
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Time Series Baseline Plot
This procedure plots a time series in sequential order, identifying points that are beyond

lower and/or upper limits. It is widely used to plot monthly data such as the Oceanic Nifio
Index.

Oceanic Nifio Index
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Reference: Time Series Baseline Plot
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Tornado and Butterfly Plots

The Tornado and Butterfly Plots procedure creates two similar plots that compare 2
samples of attribute data. Each plot consists of 2 sets of bars that show the frequency
distribution of each sample over a set of categories. The only difference between the plots
is where the labels are placed.
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Reference: Tornado and Butterfly Plots

Trivariate Density Statlet

The Trivariate Density Statlet displays the estimated density function for 3 columns of
numeric data. It does so using either a 3-dimensional contour plot or a 3-dimensional
mesh plot. The joint distribution of the 3 variables may either be assumed to be
multivariate normal or be estimated using a nonparametric approach.
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Reference: Trivariate Density Statlet
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Violin Plot Statlet

The Violin Plot Statlet displays data for a single quantitative sample using a combination
of a box-and-whisker plot and a nonparametric density estimator. It is very useful for
visualizing the shape of the probability density function for the population from which
the data came.
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Reference: Violin Plot Statlet
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Wind Rose Statlet

The Wind Rose Statlet displays data on a circular plot, depicting the frequency
distribution of variables such as wind speed and direction. It may be used to display the
distribution at a single point in time, or it may show changes over time in a dynamic
manner.
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Reference: Wind Rose Statlet
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X-13ARIMA-SEATS Seasonal Adjustment
This procedure performs a seasonal adjustment of time series data using the procedure
currently employed by the United States Census Bureau. As part of the procedure, the
time series is decomposed into 3 components:

1. atrend-cycle component

2. aseasonal component

3. anirregular component

Each component may be plotted separately or saved, together with the seasonally
adjusted data.

The seasonal adjustment calculations are performed by the “seasonal” package in R.

Seasonally Adjusted Data Plot for Traffic
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Reference: Seasonal Adjustment using X-13ARIMA-SEATS
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