I ——
6sas

SAS/QC® 14.1 User’s Guide
The CAPABILITY

Procedure




This document is an individual chapter from SAS/QC® 14.1 User’s Guide.

The correct bibliographic citation for this manual is as follows: SAS Institute Inc. 2015. SAS/QC® 14.1 User’s Guide. Cary, NC:
SAS Institute Inc.

SAS/QC® 14.1 User’s Guide
Copyright © 2015, SAS Institute Inc., Cary, NC, USA
All Rights Reserved. Produced in the United States of America.

For a hard-copy book: No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by
any means, electronic, mechanical, photocopying, or otherwise, without the prior written permission of the publisher, SAS Institute
Inc.

For a web download or e-book: Your use of this publication shall be governed by the terms established by the vendor at the time
you acquire this publication.

The scanning, uploading, and distribution of this book via the Internet or any other means without the permission of the publisher is
illegal and punishable by law. Please purchase only authorized electronic editions and do not participate in or encourage electronic
piracy of copyrighted materials. Your support of others’ rights is appreciated.

U.S. Government License Rights; Restricted Rights: The Software and its documentation is commercial computer software
developed at private expense and is provided with RESTRICTED RIGHTS to the United States Government. Use, duplication, or
disclosure of the Software by the United States Government is subject to the license terms of this Agreement pursuant to, as
applicable, FAR 12.212, DFAR 227.7202-1(a), DFAR 227.7202-3(a), and DFAR 227.7202-4, and, to the extent required under U.S.
federal law, the minimum restricted rights as set out in FAR 52.227-19 (DEC 2007). If FAR 52.227-19 is applicable, this provision
serves as notice under clause (c) thereof and no other notice is required to be affixed to the Software or documentation. The
Government’s rights in Software and documentation shall be only those set forth in this Agreement.

SAS Institute Inc., SAS Campus Drive, Cary, NC 27513-2414
July 2015

SAS® and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc. in the
USA and other countries. ® indicates USA registration.

Other brand and product names are trademarks of their respective companies.



Chapter 5
The CAPABILITY Procedure

Contents
Introduction: CAPABILITY Procedure . . . . . . . . . . i ittt 189
Learning about the CAPABILITY Procedure . . . . . .. ... ... ... ...... 190
PROC CAPABILITY and General Statements . . . . . . . ... ... ... ... ..... 191
Overview: CAPABILITY Procedure . . . . . . . . . . .. 191
Getting Started: CAPABILITY Procedure . . . . . . . . .. .. ... ... ...... 193
Computing Descriptive Statistics . . . . . . . ... ... ... 0 L. 193
Computing Capability Indices . . . . . . ... .. ... ... ........ 195
Syntax: CAPABILITY Procedure . . . . . . . . . . i 197
BY Statement . . . . .. . L 197
FREQ, WEIGHT,and ID Statements . . . . . .. ... ... ......... 198
Graphical Enhancement Statements . . . . . . . ... ... .. ... ..., 199
PROC CAPABILITY Statement . . . . . ... .. ... ... ... ..... 199
CLASS Statement . . . . . . . . . 209
SPEC Statement . . . . . . . . . . 211
Details: CAPABILITY Procedure . . . . . . . . . . . . it 214
InputData Sets . . . . . . . . . e e 214
OutputDataSet . . . . . . . . . . . 217
Descriptive Statistics . . . . . . . . . .. 219
Signed Rank Statistic . . . . . . .. .. ... ... ... 222
TestsforNormality . . . . . . . . . . . . 222
Percentile Computations . . . . . . . ... Lo o 225
Robust Estimators . . . . . . . . .. .. 227
ComputingtheMode . . . . . . . . . . 229
Assumptions and Terminology for Capability Indices . . . . . .. . ... .. 230
Standard Capability Indices . . . . . .. ... ... .. ... .. ... 230
Specialized Capability Indices . . . . . ... ... ... .. .. ..., 234
MissingValues . . . . . . . . . 241
ODS Tables . . . . . . . . e 242
Examples: CAPABILITY Procedure . . . . . . . . . ... . .. 243
Example 5.1: Reading Speci cation Limits . . . . . ... .. .. .. ... ...... 243
Example 5.2: Enhancing ReferenceLines . . . . . ... ... ... ... ....... 246
Example 5.3: Displaying a Con dence IntervalforCpk . . . . ... ... ... ... 248
CDFPLOT Statement: CAPABILITY Procedure . . . . . .. .. ... ... ... .... 250
Overview: CDFPLOT Statement . . . . . . . . . . . . . et 250
Getting Started: CDFPLOT Statement. . . . . . . . . . . . . ... ... 251

Creating a Cumulative DistributionPlot . . . . . . ... .. ... ... ... 251



186 F Chapter 5: The CAPABILITY Procedure

Syntax: CDFPLOT Statement . . . . . . . . . . . e 252
Summaryof Options . . . . . . . . ... 253
Dictionary of Options . . . . . . . . . . . . 258

Details: CDFPLOT Statement . . . . . . . . . . . . e 265
ODS Graphics . . . . . . . . e 265

Examples: CDFPLOT Statement . . . . . . . . . . . . . . it 266

Example 5.4: Fitting a Normal Distribution . . . . . .. ... ... ... ... .... 266

Example 5.5: Using Reference LineswithCDFPlots . . . . .. ... ... ...... 268

COMPHISTOGRAM Statement: CAPABILITY Procedure . . . . . ... .. ... ..... 269

Overview: COMPHISTOGRAM Statement . . . . . . .. .. ... ... .. ..... 269

Getting Started: COMPHISTOGRAM Statement . . . . . . ... ... ... ..... 270
Creating a One-Way Comparative Histogram . . . . . ... ... . ... .. 271

Adding Fitted Normal Curves to a Comparative Histogram . . . . . . . . .. 272

Syntax;: COMPHISTOGRAM Statement . . . . . . ... .. .. ... ... ..... 273
Summaryof Options . . . . . . . . ... .. 275
Dictionary of Options . . . . . . . . . . . . 279

Details: COMPHISTOGRAM Statement . . . . . . . .. .. ... ... . ...... 288
ODS Graphics . . . . . . . e 288

Examples: COMPHISTOGRAM Statement. . . . . . . . ... ... ... ...... 289

Example 5.6: Adding Insets with Descriptive Statistics . . . . . . .. ... ... ... 289

Example 5.7: Creating a Two-Way Comparative Histogram . . . . . .. .. ... .. 291

HISTOGRAM Statement: CAPABILITY Procedure . . . . . ... ... ... ....... 294

Overview: HISTOGRAM Statement . . . . . . . . .. .. .. ... ... ...... 294

Getting Started: HISTOGRAM Statement . . . . . . .. .. .. ... ... ..... 295
Creating a Histogram with Speci cation Limits . . . . . ... ... ... .. 295
Adding a Normal Curve to the Histogram . . . . . ... ... ... ... .. 296
Customizinga Histogram . . . . . . . .. ... ... 299

Syntax: HISTOGRAM Statement . . . . . . . . . . . . it e 300
Summaryof Options . . . . .. . . ... .. 301
Dictionary of Options . . . . . . . . . . . . 309

Details: HISTOGRAM Statement . . . . . . . . . . . . . i it 331

Formulasfor Fitted Curves . . . . . . . . . . . . . . 331
Kernel Density Estimates . . . . . . . . . . . ... . .. 342
Printed Output . . . . . . . . . . . 343
OutputData Sets . . . . . . . . . . e 351
ODSTables . . . . . . . . . e 355
ODS GraphiCs . . . . . o 355
SYMBOL and PATTERN StatementOptions . . . . . ... ... ...... 356
Examples: HISTOGRAM Statement . . . . . . . .. .. .. ... ... ....... 358

Example 5.8: FittingaBetaCurve . . . . . . . . . . . .. 358
Example 5.9: Fitting Lognormal, Weibull, and Gamma Curves
Example 5.10: Comparing Goodness-of-Fit Tests
Example 5.11: Computing Capability Indices for Nonnormal Distributions . . . . . . 369
Example 5.12: Computing Kernel Density Estimates . . . . . . .. .. ... ... .. 370



The CAPABILITY Procedure F 187

Example 5.13: Fitting a Three-Parameter Lognormal Curve . . . . . ... ... ... 372
Example 5.14: Annotating a Folded NormalCurve . . . . . . . ... ... ... ... 374
INSET Statement: CAPABILITY Procedure . . . . . . . . . .. ... ... ... 380
Overview: INSET Statement. . . . . . . . . . . . . 380
Getting Started: INSET Statement . . . . . . . . . . . . .. ... .. .. ... 381
Displaying Summary Statistics on a Histogram . . . . . ... ... ... .. 381
Formatting Values and Customizing Labels . . . . .. ... ... ... ... 382
Adding a Header and Positioning thelnset . . . . .. ... ... ... .... 384
Syntax: INSET Statement . . . . . . . . . . ... 385
Summary of INSET Keywords . . . . . . . . .. . ... . ... ... ... 387
SummaryofOptions . . . . . ... ... ... 397
Dictionary of Options . . . . . . . . . . .. 397
Details: INSET Statement . . . . . . . . . . . .. . 400
Positioning the Inset Using Compass Points . . . . . . ... ... ...... 400
Positioning the Insetinthe Margins . . . . . . ... ... .......... 401
Positioning the Inset Using Coordinates . . . . . ... ... ... ...... 402
Examples: INSET Statement . . . . . . . . .. ... 405
Example 5.15: Inset for Goodness-of-Fit Statistics . . . . . ... ... ........ 405
Example 5.16: Inset for Areas Under a Fitted Curve . . . . . . ... ... ... ... 406
INTERVALS Statement: CAPABILITY Procedure . . . . .. .. .. ... ... ...... 408
Overview: INTERVALS Statement . . . . . . . .. .. ... .. ... 408
Getting Started: INTERVALS Statement . . . . . . ... ... ... ... ...... 408
Computing Statistical Intervals . . . . . . ... ... ... ... 408
Computing One-Sided Lower Prediction Limits . . . . . . ... ... .... 411
Syntax: INTERVALS Statement . . . . . . . . . . . . . 412
Summaryof Options . . . . . . . . ... 412
Dictionary of Options . . . . . . . . . . . . . . 413
Details: INTERVALS Statement . . . . . . . . . . .. . 415
Methods for Computing Statistical Intervals . . . . . ... ... ....... 415
OUTINTERVALS=DataSet . . . . . . . . . . . .. 418
ODSTables . . . . . . . 418
OUTPUT Statement: CAPABILITY Procedure . . . . . . .. . ... . . ... 419
Overview: OUTPUT Statement . . . . . . . . . . . . ... . .. 419
Getting Started: OUTPUT Statement . . . . . . . . . . ... ... ... ... ..., 419
Saving Summary Statistics in an OutputDataSet . . . . ... ... .. ... 419
Saving Percentilesinan OutputDataSet. . . . . ... ... ... ...... 421
Syntax: OUTPUT Statement. . . . . . . . . . . . . .. . . e 422
Details: OUTPUT Statement . . . . . . . . . .. e 428
OUT=DataSet . . . . . . . . e e e 428
Examples: OUTPUT Statement . . . . . . . . . . . ... . .. 429
Example 5.17: Computing Nonstandard Capability Indices . . . . . . ... ... ... 429
Example 5.18: Approximate Con dence LimitsforCpk . . . . ... ... ... ... 431
PPPLOT Statement: CAPABILITY Procedure . . . . . . . . . . . .. ... ... 434

Overview: PPPLOT Statement. . . . . . . . . . . . . e e e e e 434



188 F Chapter 5: The CAPABILITY Procedure

Getting Started: PPPLOT Statement . . . . . . . . . .. .. . .. ... . ....... 435
Creating a Normal Probability-Probability Plot . . . . . .. ... ... ... 435
Syntax: PPPLOT Statement . . . . . . . . . . . . . ... 437
SummaryofOptions . . . . . .. . ... ... 438
Dictionaryof Options . . . . . . . . . . . . . ... . . . 442
Details: PPPLOT Statement . . . . . . . . . . . . . . e 450
Construction and Interpretation of P-PPlots . . . . . .. .. ... ...... 450
Comparison of P-P Plotsand Q-QPlots . . . . .. ... ... ........ 453
Summary of Theoretical Distributions . . . . . ... ... ... ....... 454
Speci cation of Symbol Markers . . . . .. ... oo 455
Speci cation of the Distribution ReferenceLine . . . . . .. .. ... .. .. 455
ODS Graphics . . . . . . o 456
PROBPLOT Statement: CAPABILITY Procedure . . . . . . . . . ... ... ... ..., . 456
Overview: PROBPLOT Statement . . . . . . . . . . . .. .. 456
Getting Started: PROBPLOT Statement . . . . . . . . . . . . ... ... ...... 457
Creating a Normal Probability Plot . . . . . . ... ... ... ... ..... 458
Creating Lognormal Probability Plots . . . . . . ... ... ... ...... 459
Syntax: PROBPLOT Statement . . . . . . . . . . . . . e 463
Summaryof Options . . . . . . . . . . . 464
Dictionary of Options . . . . . . . . . . . . 468
Details: PROBPLOT Statement . . . . . . . . . . . it 481
Summary of Theoretical Distributions . . . . ... ... ........... 481
SYMBOL StatementOptions. . . . . . . . .. .. 483
ODS Graphics . . . . . . . e 484
Examples: PROBPLOT Statement. . . . . . . . . . . . . .. . ... 485
Example 5.19: Displaying a Normal ReferenceLine . . . ... ... ... ...... 485
Example 5.20: Displaying a Lognormal Reference Line . . . ... ... ... .... 486
QQPLOT Statement: CAPABILITY Procedure . . . . . . . .. .. ... ... ....... 488
Overview: QQPLOT Statement . . . . . . . . . . . e e 488
Getting Started: QQPLOT Statement . . . . . . . . . . . ... ... .. ... ... 489
Creating a Normal Quantile-QuantilePlot . . . . .. ... ... ... .... 489
Adding a Distribution ReferenceLine . . .. ... ... ........... 490
Syntax: QQPLOT Statement . . . . . . . . . . . . . 492
Summaryof Options . . . . . . . . ... 493
Dictionaryof Options . . . . . . . . . . . . . . . e 497
Details: QQPLOT Statement. . . . . . . . . . . . . . 511
Construction of Quantile-Quantile and Probability Plots . . . . . .. .. .. 511
Interpretation of Quantile-Quantile and Probability Plots . . . . . ... ... 512
Summary of Theoretical Distributions . . . . ... ... ........... 513
Graphical Estimation . . . . . . . . . ... 513
SYMBOL StatementOptions . . . . . . . . . . ... 516
ODS Graphics . . . . . . . . e 517
Examples: QQPLOT Statement . . . . . . . . . . . . .. .. e 518

Example 5.21: Interpreting a Normal Q-Q Plot of Nonnormal Data . . . . . ... .. 518



Introduction: CAPABILITY Procedure F 189

Example 5.22: Estimating Parameters from Lognormal Plots . . . . . . .. ... ... 519
Example 5.23: Comparing Weibull Q-QPlots . . . . . . . .. .. ... ... ... .. 525
Example 5.24: Estimating Cpk froma NormalQ-QPlot . . . . . ... ... ... .. 527
Dictionary of Common Options: CAPABILITY Procedure . . . .. ... ... ....... 529
General OptioNs . . . . . . . . e e e 529
Options for Traditional Graphics . . . . . . .. .. .. .. ... ... . ... . ... 534
Options for Legacy Line PrinterCharts . . . . . .. ... ... ... ... ...... 537
References . . . . . . . 537

Introduction: CAPABILITY Procedure

A process capability analysis compares the distribution of output from an in-control process to its speci cation
limits to determine the consistency with which the speci cations can be met. The CAPABILITY procedure
provides the following:

process capability indices, such@s andC

descriptive statistics based on moments, including skewness and kurtosis. Other descriptive information
provided includes quantiles or percentiles (such as the median), frequency tables, and details on extreme
values.

histograms and comparative histograms. Optionally, these can be superimposed with speci cation
limits, tted probability density curves for various distributions, and kernel density estimates.

cumulative distribution function plots (cdf plots). Optionally, these can be superimposed with speci -
cation limits and probability distribution curves for various distributions.

guantile-quantile plots (Q-Q plots), probability plots, and probability-probability plots (P-P plots).
These plots facilitate the comparison of a data distribution with various theoretical distributions.
Optionally, Q-Q plots and probability plots can be superimposed with speci cation limits.

goodness-of- t tests for a variety of distributions including the normal. The assumption of normality is
critical to the interpretation of capability indices.

statistical intervals (prediction, tolerance, and con dence intervals) for a normal population

the ability to produce plots either as traditional graphics, ODS Graphics output, or legacy line printer
plots. Traditional graphics can be saved, replayed, and annotated.

the ability to inset summary statistics and capability indices in graphical output
the ability to analyze data sets with a frequency variable
the ability to read speci cation limits from a data set

the ability to create output data sets containing summary statistics, capability indices, histogram
intervals, parameters of tted curves, and statistical intervals
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You can use the PROC CAPABILITY statement, together with the VAR and SPEC statements, to compute
summary statistics and process capability indices. See “Getting Started: CAPABILITY Procedure” on
page 193 for introductory examples. In addition, you can use the statements summarized in Table 5.1 to
request plots and specialized analyses:

Table 5.1 Statements for Plots and Specialized Analyses

Statement Result

CDFPLOT cumulative distribution function plot

COMPHISTOGRAM  comparative histogram

HISTOGRAM histogram

INSET inset table on plot

INTERVALS statistical intervals

OUTPUT output data set with summary statistics and capability indices
PPPLOT probability-probability plot

PROBPLOT probability plot

QQPLOT guantile-quantile plot

You have three alternatives for producing plots with the CAPABILITY procedure:

ODS Graphics output is produced if ODS Graphics is enabled, for example by specifying the ODS
GRAPHICS ON statement prior to the PROC statement.
Otherwise, traditional graphics are produced by default if SAS/GRARHcensed.
Legacy line printer charts are produced when you specify the LINEPRINTER option in the PROC
statement.

See Chapter 3, “SAS/QC Graphics,” for more information about producing these different kinds of graphs.

You can use the INSET statement with any of the plot statements to enhance the plot with an inset table of
summary statistics. The INSET statement is not applicable when you produce line printer plots.

Learning about the CAPABILITY Procedure

To learn about the CAPABILITY procedure, rst select the appropriate statement Table 5.1. Then refer to the
corresponding “Getting Started” section for introductory examples:

“Getting Started: CDFPLOT Statement” on page 251

“Getting Started: COMPHISTOGRAM Statement” on page 270
“Getting Started: HISTOGRAM Statement” on page 295
“Getting Started: INSET Statement” on page 381

“Getting Started: INTERVALS Statement” on page 408
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“Getting Started: OUTPUT Statement” on page 419
“Getting Started: PPPLOT Statement” on page 435
“Getting Started: PROBPLOT Statement” on page 457

“Getting Started: QQPLOT Statement” on page 489

To broaden your knowledge of the procedure, read “PROC CAPABILITY and General Statements” on
page 191 which summarizes the syntax for the entire procedure and describes the PROC CAPABILITY
statement, the VAR statement, the CLASS statement, and the SPEC statement. Subsequent chapters describe
the statements listed in Table 5.1. In addition to introductory examples, each chapter provides syntax
summaries, descriptions of options, computational details, and advanced examples. Although the chapters
are self-contained, much of what you learn about one plot statement, including the syntax, is transferable to
other plot statements.

PROC CAPABILITY and General Statements

Overview: CAPABILITY Procedure

This chapter describes several statements that are generally used with the CAPABILITY procedure:

The PROC CAPABILITY statement is required to invoke the CAPABILITY procedure. You can use
this statement by itself to compute summary statistics.

The VAR statement, which is optional, speci es the variables in the input data set that are to be
analyzed. These are called the analysiprocessvariables. By default, all of the numeric variables
are analyzed.

The CLASS statement, which is optional, speci es one or two variables that group the data into
classi cation levels. A separate analysis is carried out for each combination of levels, and you can use
the CLASS statement with plot statements (such as HISTOGRAM) to create comparative displays.

The SPEC statement, which is optional, provides speci cation limits for the variables that are to be
analyzed. When you use a SPEC statement, the procedure computes process capability indices in
addition to summary statistics. Furthermore, the speci cation limits are displayed in plots created with
plot statements that are described in subsequent chapters.

You can use the PROC CAPABILITY statement to request a variety of statistics for summarizing the data
distribution of each analysis variable:

sample moments

basic measures of location and variability

1You can use the COMPHISTOGRAM statement to create comparative histograms without applying classi cation levels to the
overall analysis.
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con dence intervals for the mean, standard deviation, and variance
tests for location

tests for normality

trimmed and Winsorized means

robust estimates of scale

guantiles and related con dence intervals

extreme observations and extreme values

frequency counts for observations

missing values

You can use the PROC CAPABILITY and SPEC statements together to request a variety of statistics for
process capability analysis:

percents of measurements within and outside speci cation limits

con dence intervals for the probabilities of exceeding the speci cation limits
standard capability indices and related con dence intervals

tests of normality in conjunction with capability indices

specialized capability indices
In addition, you can use options in the PROC CAPABILITY statement to

specify the input data set to be analyzed

specify an input data set containing speci cation limits

specify a graphics catalog for saving traditional graphics output

specify rounding units for variable values

specify the de nition used to calculate percentiles

specify the divisor used to calculate variances and standard deviations

request legacy line printer plots and de ne special printing characters used for features

suppress tables
You can use options in the SPEC statement to

provide lower and upper speci cation limits and target values
control the appearance of speci cation lines on plots

control the appearance of the areas under a histogram outside the speci cation limits
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Getting Started: CAPABILITY Procedure

This section introduces the PROC CAPABILITY, VAR, and SPEC statements with examples that illustrate
the most commonly used options.

Computing Descriptive Statistics
NoOTE: SeeComputing Summary Stats and Capability Indicethe SAS/QC Sample Library.

The uid weights of 100 drink cans are measured in ounces. The lling process is assumed to be in statistical
control. The measurements are saved in a SAS data set rzamsd

data Cans;

label Weight = "Fluid Weight (ounces)";

input Weight @@;

datalines;
12.07 12.02 12.00 1201 1198 11.96 12.04 12.05 12.01 11.97
12.03 12.03 12.00 12.04 1196 12.02 12.06 12.00 12.02 11.91
12.05 1198 11.91 12.01 12.06 12.02 12.05 11.90 12.07 11.98
12.02 12.11 12.00 11.99 11.95 1198 12.05 12.00 12.10 12.04
12.06 12.04 11.99 12.06 11.99 12.07 11.96 11.97 12.00 11.97
12.09 1199 1195 1199 1199 1196 11.94 12.03 12.09 12.03
1199 12.00 12.05 12.04 12.05 12.01 11.97 11.93 12.00 11.97
12.13 12.07 12.00 11.96 11.99 1197 12.05 11.94 1199 12.02
11.95 1199 1191 12.06 12.03 12.06 12.05 12.04 12.03 11.98
12.05 12.05 12.11 1196 12.00 11.96 11.96 12.00 12.01 11.98

)

You can use the PROC CAPABILITY and VAR statements to compute summary statistics for the weights.

titte Process Capability Analysis of Fluid Weight;
proc capability data=Cans normaltest;

var Weight;
run;

The input data set is speci ed with the DATA= option. The NORMALTEST option requests tests for
normality. The VAR statement speci es the variables to analyze. If you omit the VAR statement, all numeric
variables in the input data set are analyzed.

The descriptive statistics faWeight are shown in Figure 5.1. For instance, the average weight (laiMded

is 12.0093. The Shapiro-Wilk test statistic labeW&ds 0.987876, and the probability of a more extreme
value of W (labeledPr < W) is 0.499. Compared to the usual cutoff value of 0.05, this probability (referred
to as ap-value) indicates that the weights are normally distributed.



194 F Chapter 5: The CAPABILITY Procedure

Figure 5.1 Descriptive Statistics
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Figure 5.1 continued

Computing Capability Indices
NOTE: SeeComputing Summary Stats and Capability Indicethe SAS/QC Sample Library.

This example is a continuation of the previous example and shows how you can provide speci cation limits
with a SPEC statement to request capability indices in addition to descriptive statistics.

proc capability data=Cans normaltest freq;
spec Isl=11.95 target=12 usl=12.05;
var Weight;
run;
The options LSL=, TARGET=, and USL= specify the lower speci cation limit, target value, and upper
speci cation limit for the weights. These statements produce the output shown in Figure 5.2 in addition to

the output shown in Figure 5.1.

Figure 5.2 Capability Indices and Frequency Table
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Figure 5.2 continued

In Figure 5.2, the table labelegbeci cation Limitdists the speci cation limits and target value, together with
the percents of observations outside and between the limits. The table |Boeteds Capability Indices
lists estimates for the standard process capability indige<CPL, CP U, C,, andCpm , along with 95%

con dence limits. The indexXC,m, is not computed unless you specify a TARGET= value. See “Standard
Capability Indices” on page 230 for formulas used to compute the indices.

If you specify more than one variable in the VAR statement, you can provide corresponding speci cation
limits and target values by specifying lists of values for the LSL=, USL=, and TARGET= options. As an
alternative to the SPEC statement, you can read speci cation limits and target values from a data set speci ed
with the SPEC= option in the PROC CAPABILITY statement. This is illustrated in Example 5.1.

The FREQ option in the PROC CAPABILITY statement requests the table labedediency Countin
Figure 5.2.
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Syntax: CAPABILITY Procedure

The following are the primary statements that control the CAPABILITY procedure:

PROC CAPABILITY <options>;
VAR variables ;
CLASS variable-1 <variable-2 > </ options > ;
SPEC <options > ;
CDFPLOT <variables > </ options > ;
COMPHISTOGRAM < variables >/ CLASS= (class-variables) <options> ;
HISTOGRAM <variables > </ options > ;
PPPLOT <variables > </ options > ;
PROBPLOT <variables > </ options > ;
QQPLOT <variables> </ options > ;
INSET keyword-list </ options > ;
INTERVALS <variables> </ options > ;
OUTPUT <OUT= SAS-data-set > <keywordl=names ... keywordk=names > ;

The PROC CAPABILITY statement invokes the procedure. The VAR statement speci es the numeric
variables to be analyzed, and it is required if the OUTPUT statement is used to save summary statistics and
capability indices in an output data set. If you do not use the VAR statement, all numeric variables in the data
set are analyzed. The SPEC statement provides speci cation limits.

The plot statements (CDFPLOT, COMPHISTOGRAM, HISTOGRAM, PPPLOT, PROBPLOT, and QQ-
PLOT) create graphical displays, and the INSET statement enhances these displays by adding a table of
summary statistics directly on the graph. The INTERVALS statement computes statistical intervals. You can
specify one or more of each of the plot statements, the INSET statement, the INTERVALS statement, and the
OUTPUT statement. If you use a VAR statement, the variables listed in a plot statement must be a subset of
the variables listed in the VAR statement.

BY Statement

BY variables ;

You can specify a BY statement with PROC CAPABILITY to obtain separate analyses of observations in
groups that are de ned by the BY variables. When a BY statement appears, the procedure expects the input
data set to be sorted in order of the BY variables. If you specify more than one BY statement, only the last
one speci ed is used.

If your input data set is not sorted in ascending order, use one of the following alternatives:

Sort the data by using the SORT procedure with a similar BY statement.

Specify the NOTSORTED or DESCENDING option in the BY statement for the CAPABILITY
procedure. The NOTSORTED option does not mean that the data are unsorted but rather that the
data are arranged in groups (according to values of the BY variables) and that these groups are not
necessarily in alphabetical or increasing numeric order.

Create an index on the BY variables by using the DATASETS procedure (in Base SAS software).
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For more information about BY-group processing, see the discussiA$Language Reference: Concepts
For more information about the DATASETS procedure, see the discussionBat&eSAS Procedures Guide

FREQ, WEIGHT, and ID Statements
In addition, you can optionally specify one of each of the following statements:
FREQ variable ;
WEIGHT variable ;
ID variable ;

The FREQ statement names a variable that provides frequencies for each observation in the input data set. If
nis the value of the FREQ variable for a given observation, then that observation is tisess. If the value

of the FREQ variable is missing or is less than one, the observation is not used in the analysis. If the value is
not an integer, only the integer portion is used.

The WEIGHT statement names a variable that provides weights for each observation in the input data set. The
CAPABILITY procedure uses the valugg of the WEIGHT variable to modify the computation of a number
of summary statistics by assuming that the variance oitthealueX; of the analysis variable is equal to

2=w;, where is an unknown parameter. This assumption is rarely applicable in process capability analysis,
and the purpose of the WEIGHT statement is simply to make the CAPABILITY procedure consistent with
other data summarization procedures, such as the UNIVARIATE procedure.

The values of the WEIGHT variable do not have to be integers and are typically positive. By default,
observations with non-positive or missing values of the WEIGHT variable are handled as follows:

If the value is zero, the observation is counted in the total number of observations.

If the value is negative, it is converted to zero, and the observation is counted in the total number of
observations.

If the value is missing, the observation is excluded from the analysis.

To exclude observations that contain negative and zero weights from the analysis, specify the option
EXCLNPWGT in the PROC statement. Note that most SAS/S®I’QWocedures, such as PROC GLM,
exclude negative and zero weights by default.

When you specify a WEIGHT variable, the procedure uses its valye$p compute weighted versions of
the statistics provided in tidomentdable. For examBIe, the procedure computes a weighted Xgaand

a weighted variancg, asX,, D —PIW—V'VIX' ands? D di Wi .Xi Xw/?wherex; is theith variable value.
The divisord is controlled by the VARDEF= option in the PROC CAPABILITY statement.

When you use both the WEIGHT and SPEC statements, capability indices are computed wsings,, in
place ofX ands. Again, note that weighted capability indices are seldom needed in practice.

When you specify a WEIGHT statement, the procedure also computes a weighted standard error and a
weighted version of Student's t test. This test is the only test of location that is provided when weights are
speci ed.

The WEIGHT statement does not affect the determination of the mode, extreme values, extreme observations,
or the number of missing values of the analysis variables. However, the waighte used to compute
weighted percentiles.
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The WEIGHT variable has no effect on the calculation of extreme values, and it has no effect on graphical
displays produced with the plot statements.

Graphical Enhancement Statements

You can use TITLE, FOOTNOTE, and NOTE statements to enhance printed output. If you are creating
traditional graphics, you can also use AXIS, LEGEND, PATTERN, and SYMBOL statements to enhance
your plots. For details, see SAS/GRAPH documentation and the chapter for the plot statement that you are
using.
PROC CAPABILITY Statement
The syntax for the PROC CAPABILITY statement is as follows:
PROC CAPABILITY <options> ;

The following section lists albptions. See the section “Dictionary of Options” on page 201 for detailed
information.

Summary of Options
Table 5.2 lists all the PROC CAPABILIT¥ptions by function.

Table 5.2 PROC CAPABILITY Statement Options

Option Description

Input Data Set Options

ANNOTATE= speci es input data set containing annotation information

DATA= speci es input data set

EXCLNPWGT speci es that non-positive weights are to be excluded

NOBYSPECS speci es that speci cation limits in SPEC= data set are to be
applied to all BY groups

SPEC= speci es input data set with speci cation limits

Plotting and Graphics Options

FORMCHAR({ndexX= de nes characters used for features on legacy line printer plots

GOUT= speci es catalog for saving traditional graphics output

LINEPRINTER requests legacy line printer plots

Computational Options

PCTLDEF= speci es de nition used to calculate percentiles

ROUND= speci es units used to round variable values

VARDEF= speci es divisor used to calculate variances and standard devi-
ations

Data Summary Options

ALL requests all tables

FREQ requests frequency table

MODES requests table of modes

NEXTROBS= requests table aflowest,n highest observations

NEXTRVAL= requests table af lowest,n highest values
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Table 5.2 continued

Option Description

Output Options

NOPRINT suppresses printed output

OUTTABLE= creates an output data set containing univariate statistics and

Hypothesis Testing Options

MUO=

LOCCOUNT
NORMALTEST

Robust Estimation Options
ROBUSTSCALE
TRIMMED=(trimmed-
options)

WINSORIZED=Winsorized-

options)
TRIMMED-Options
ALPHA=

TYPE=
WINSORIZED-Options
ALPHA=

TYPE=

Capability Index Options
CPMA=
CHECKINDICES
SPECIALINDICES

CHECKINDICES-Options
ALPHA=

TEST=

Con dence Limit Options
ALPHA=
CIBASIC

CIINDICES

CIPCTLDF
CIPCTLNORMAL
CIPROBEX

CIBASIC-Options
ALPHA=
TYPE=

capability indices in tabular form

speci es mean for null hypothesis in tests for location
requests table of counts used in sign test and signed rank test
performs tests for normality

requests table of robust measures of scale
requests table of trimmed means

requests table of Winsorized means

speci es con dence level
speci es type of con dence limit

speci es con dence level
speci es type of con dence limit

(obsolete) speci ea for Cpm(a)

requests test of normality in conjunction with standard indices
requests table of specialized indices including Boy&sn ,
Cikp » Comk » Cpm -a/, and Wright'sCs

speci es cutoff probability fop-values for test for normality

used in conjunction with process capability indices

speci es test for normality (Shapiro-Wilk, Kolmogorov-
Smirnov, Anderson-Darling, Cramér-von Mises, or no test)

speci es level for all con dence limits

requests con dence limits for the mean, standard deviation,
variance

speci es level and type of con dence limits for capability
indices

requests distribution-free con dence limits for percentiles
requests con dence limits for percentiles assuming normality
requests con dence limits for the probability of exceeding
speci cations

speci es con dence level
speci es type of con dence limit
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Table 5.2 continued

Option Description
CIINDICES-Options

ALPHA= speci es con dence level
TYPE= speci es type of con dence limit
CIPCTLDF-Options

ALPHA= speci es con dence level
TYPE= speci es type of con dence limit
CIPCTLNORMAL-Options

ALPHA= speci es con dence level
TYPE= speci es type of con dence limit
CIPROBEX-Options

ALPHA= speci es con dence level
TYPE= speci es type of con dence limit

Dictionary of Options
The following entries provide detailed descriptions of tipeions in the PROC CAPABILITY statement.

ALL
requests all of the tables generated by the FREQ, MODES, NEXTRVAL=5, CIBASIC, CIPCTLDF,
and CIPCTLNORMAL options. If a WEIGHT statement is not used, the ALL option also requests
the tables generated by the LOCCOUNT, NORMALTEST, ROBUSTSCALE, TRIMMED=.25, and
WINSORIZED=.25 options. PROC CAPABILITY uses any values that you specify with the ALPHA=,
MUO=, NEXTRVAL=, CIBASIC, CIPCTLDF, CIPCTLNORMAL, TRIMMED=, or WINSORIZED=
options in conjunction with the ALL option.

ALPHA=value
speci es the default con dence level for all con dence limits computed by the CAPABILITY procedure.
The coverage percent for the con dence limitslis value/100. For example, ALPHA=0.10 results
in 90% con dence limits. The defawlalue is 0.05.

Note that specialized ALPHA= options are available for a number of con dence interval options. For
example, you can specify CIBASIC( ALPHA=0.10) to request a tabBasfic Con dence Limitat
the 90% level. The default values of these options default to the value of the general ALPHA= option.

ANNOTATE=SAS-data-set

ANNO=SAS-data-set
speci es an input data set containing annotate variables as described in SAS/GRAPH documentation.
You can use this data set to add features to traditional graphics. Use this data set only when creating
traditional graphics; it is ignored when the LINEPRINTER option is speci ed and when ODS Graphics

is in effect. Features provided in this data set are added to every plot produced in the current run of the
procedure.

CHECKINDICES< (TEST = SW | KS | AD | CVM | NONE > < ALPHA= value >)
speci es the test of normality used in conjunction with process capability indices that are displayed in
theProcess Capability Indicemble. If thep-value for the test is less than the cutoff probability value
speci ed with the ALPHA= option, a warning is added to the table, as illustrated in Figure 5.3. See
“Tests for Normality” on page 222 for details concerning the test.



202 F Chapter 5: The CAPABILITY Procedure

proc capability data=Process;
var p2;
specs Isl=10
usl=275;
run;

Figure 5.3 Warning Message Printed with Capability Indices

ALPHA=value
speci es the cutoff probability fop-values for a test for normality used in conjunction with
process capability indices. Thealue must be between zero and 0.5. The default value is 0.05.

TEST = SW | KS | AD | CVM | NONE
speci es the test of normality used in conjunction with process capability indices that are
displayed in theProcess Capability Indicemble. The tests available are Shapiro-Wilk (SW),
Kolmogorov-Smirnov (KS), Anderson-Darling (AD), and Cramér-von Mises (CVM). The default
test is the Shapiro-Wilk test if the sample size is less than or equal to 2000 and the Kolmogorov-
Smirnov test if the sample size is greater than 2000.

CIBASIC< (< TYPE=keyword > < ALPHA=value >) >
requests con dence limits for the mean, standard deviation, and variance based on the assumption
that the data are normally distributed. With large sample sizes, this assumption is not required for
con dence limits for the mean.

ALPHA=value
speci es the con dence level. The coverage percent for the con dence limifls isvalue/100.
For example, ALPHA=0.10 requests 90% con dence limits. The default value is 0.05.

TYPE=keyword
speci es the type of con dence limit, wheleeywordis LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.

CIINDICES< (TYPE=keyword >< ALPHA=value >)
speci es the type and level of the con dence limits for standard capability indices displayed in the
table labeledProcess Capability Indices
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ALPHA=value
speci es the con dence level. The coverage percent for the con dence limifis isvalue/100.
For example, ALPHA=0.10 requests 90% con dence limits. The default value is 0.05.

TYPE=keyword
speci es the type of con dence limit, wheteeywordis LOWER, UPPER, or TWOSIDED. The

default value is TWOSIDED.

CIPCTLDF< (TYPE=keyword >< ALPHA=value >)
CIQUANTDF< (TYPE=keyword >< ALPHA= value >)
requests con dence limits for quantiles computed using a distribution-free method. In other words, no
speci ¢ parametric distribution (such as the normal) is assumed for the data. Order statistics are used
to compute the con dence limits as described in Section 5.2 of Hahn and Meeker (1991). This option
is not available if you specify a WEIGHT statement.

ALPHA=value
speci es the con dence level. The coverage percent for the con dence limifis isvalue/100.

For example, ALPHA=0.10 requests 90% con dence limits. The default value is 0.05.

TYPE=keyword
speci es the type of con dence limit, wheteywordis LOWER, UPPER, SYMMETRIC, or

ASYMMETRIC. The default value is SYMMETRIC.

CIPCTLNORMAL< (TYPE=keyword >< ALPHA=value >)

CIQUANTNORMAL< (TYPE= keyword > < ALPHA= value >)
requests con dence limits for quantiles based on the assumption that the data are normally distributed.
The computational method is described in Section 4.4.1 of Hahn and Meeker (1991) and uses the
noncentrat distribution as given by Odeh and Owen (1980). This option is not available if you specify
a WEIGHT statement.

ALPHA=value
speci es the con dence level. The coverage percent for the con dence limifis isvalue/100.

For example, ALPHA=0.10 requests 90% con dence limits. The default value is 0.05.

TYPE=keyword
speci es the type of con dence limit, wheleeywordis LOWER, UPPER, or TWOSIDED. The

default value is TWOSIDED.

CIPROBEX< (TYPE=keyword >< ALPHA= value >)
requests con dence limits fdPrEX LSLeandPrE&X USLe, whereX is the analysis variable,
LSL is the lower speci cation limit, and USL is the upper speci cation limit. The computational
method, which assumes théiis normally distributed, is described in Section 4.5 of Hahn and Meeker
(1991) and uses the noncentralistribution as given by Odeh and Owen (1980). This option is not
available if you specify a WEIGHT statement.

ALPHA=value
speci es the con dence level. The coverage percent for the con dence limifls isvalue/100.
For example, ALPHA=0.10 requests 90% con dence limits. The default value is 0.05.



204 F Chapter 5: The CAPABILITY Procedure

TYPE=keyword
speci es the type of con dence limit, wheteeywordis LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.

CPMA=value

speci es thevalue of the parameted for the capability indexCpm, .a/. This option has been superseded
by the SPECIALINDICES(CPMA=) option.

DATA=SAS-data-set
speci es the input data set containing the observations to be analyzed. If the DATA= option is omitted,
the procedure uses the most recently created SAS data set.

DEF=index
is an alias for the PCTLDEF= option. See the entry for the PCTLDEF= option.

EXCLNPWGT
excludes observations with non-positive weight values (zero or nonnegative) for the analysis. By
default, PROC CAPABILITY treats observations with negative weights like those with zero weights
and counts them in the total number of observations. This option is applicable only if you specify a
WEIGHT statement.

FORMCHAR(index)="string'
de nes characters used for features on legacy line printer plots, vide is a number ranging from
1to 11, andktring is a character or hexadecimal string. This option is ignored unless you specify the
LINEPRINTER option in the PROC CAPABILITY statement.

Theindex identi es which features are controlled with te&ing characters, as discussed in the table
that follows. If you specify the FORMCHAR= option omitting tivelex, thestring controls all 11
features.

By default, the form character list speci ed with the SAS system option FORMCHAR= is used,;
otherwise, the default is FORMCHAR=|+|--' . If you print to a PC screen or your device
supports the ASCII symbol set (1 or 2), the following is recommended:

formchar= B3,C4,DA,C2,BF,C3,C5,B4,C0,C1,D9 X

As an example, suppose you want to plot the data values of the empirical cumulative distribution
function with asterisks (*). You can change the appropriate character by using the following:

formchar(2)= *

Note that the FORMCHAR= option in the PROC CAPABILITY statement enables you to temporarily
override the values of the SAS system option with the same name. The values of the SAS system
option are not altered by using the FORMCHAR= option in PROC CAPABILITY statement.



Syntax: CAPABILITY Procedure F 205

The features associated with valuesmafexare as follows:

Value of
index  Description of Character Chart Feature

1 vertical bar frame, ecdf line, HREF= lines

2 horizontal bar frame, ecdf line, VREF= lines

3 box character (upper left) frame, ecdf line, histogram bars

4 box character (upper middle)  histogram bars, tick marks (hori-
zontal axis)

5 box character (upper right) frame, histogram bars

6 box character (middle left) histogram bars

7 box character (middle middle) not used

8 box character (middle right) histogram bars, tick marks (verti-
cal axis)

9 box character (lower left) frame

10 box character (lower middle) histogram bars

11 box character (lower right) frame, ecdf line

FREQ
requests a frequency table in the printed output that contains the variable values, frequencies, percent-
ages, and cumulative percentages. See Figure 5.2 for an example.

GOUT=graphics-catalog
speci es a graphics catalog in which to save traditional graphics output. This option is ignored unless
you are producing traditional graphics.

LINEPRINTER
requests that legacy line printer plots be produced by the CDFPLOT, HISTOGRAM, PROBPLOT,
PPPLOT, and QQPLOT statements. The CLASS and COMPHISTOGRAM statements cannot be used
when the LINEPRINTER option is speci ed.

LOCCOUNT
requests a table with the number of observations greater than, not equal to, and less than the value of
MUO=. PROC CAPABILITY uses these values to construct the sign test and signed rank test. This
option is not available if you specify a WEIGHT statement.

MODES

MODE
requests a table of all possible modes. By default, when the data contains multiple modes, PROC
CAPABILITY displays the lowest mode in the table of basic statistical measures. When all values are
unique, PROC CAPABILITY does not produce a table of modes.

MUO=value(s)

LOCATION=value(s)
speci es the value of the mean or location parametej) {n the null hypothesis for the tests summarized
in the table labeledests for Location: MuO=valudf you specify a single value, PROC CAPABILITY
tests the same null hypothesis for all analysis variables. If you specify multiple values, a VAR statement
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is required, and PROC CAPABILITY tests a different null hypothesis for each analysis variable by
matching the VAR variables with the values in the corresponding order. The default value is 0.

NEXTROBS=n
speci es the number of extreme observations in the table lalieé@me Observationshe table
lists then lowest observations and tihehighest observations. The default value is 5. The value of
must be an integer between 0 and half the number of observations. You can specify NEXTROBS=0 to
suppress the table.

NEXTRVAL=nN
requests the table label&xtreme Valueand speci es the number of extreme values in the table. The
table lists then lowest unigue values and thenhighest unique values. The valuerofust be an integer
between 0 and half the maximum number of observations. By defesl@ and no table is displayed.

NOBYSPECS
speci es that speci cation limits in SPEC= data set be applied to all BY groups. If you use a BY
statement and specify a SPEC= data set that does not contain the BY variables, you must specify the
NOBYSPECS option.

NOPRINT
suppresses the tables of descriptive statistics and capability indices which are created by the PROC CA-
PABILITY statement. The NOPRINT option does not suppress the tables created by the INTERVALS
or plot statements. You can use the NOPRINT options in these statements to suppress the creation of
their tables.

NORMALTEST

NORMAL
requests a table dffests for Normalityfor each of the analysis variables. The table provides test
statistics angb-values for the Shapiro-Wilk test (provided the sample size is less than or equal to 2000),
the Kolmogorov-Smirnov test, the Anderson-Darling test, and the Cramér-von Mises test. See “Tests
for Normality” on page 222 for details. If speci cation limits are provided, the NORMALTEST option
is assumed.

OUTTABLE= SAS-data-set
speci es an output data set that contains univariate statistics and capability indices arranged in tabular
form. See “OUTTABLE= Data Set” on page 217 for details.

PCTLDEF=index

DEF=index
speci es one of ve de nitions used to calculate percentiles. The valumdéxcan be 1, 2, 3, 4, or 5.
See “Percentile Computations” on page 225 for details. By default, PCTLDEF=5.

ROBUSTSCALE
requests a table of robust measures of scale. These measures include the interquartile range, Gini's
mean difference, the median absolute deviation about the mddidb); and two statistics proposed
by Rousseeuw and Croux (1998),,, andS,,. This option is not available if you specify a WEIGHT
statement.
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ROUND=value-list
speci es units used to round variable values. The ROUND= option reduces the number of unique
values for each variable and hence reduces the memory required for temporary Sfatagemust be
greater than O for rounding to occur.

If you use only one value, the procedure uses this unit for all variables. If you use a list of values, you
must also use a VAR statement. The procedure then uses the roundoff values for variables in the order
given in the VAR statement. For example, the following statements specify a roundoff value of 1 for
Yieldstrength and a roundoff value of 0.5 for TENSTREN.

proc capability round=1 0.5;
var Yieldstrength tenstren;
run;

When a variable value is midway between the two nearest rounded points, the value is rounded to the
nearest even multiple of the roundoff value. For example, with a roundoff value of 1, the variable
values of —2.5, —2.2, and —1.5 are rounded to —2; the values of —0.5, 0.2, and 0.5 are rounded to 0; and
the values of 0.6, 1.2, and 1.4 are rounded to 1.

SPECIALINDICES
requests a table of specialized process capability indices. These indices kdimdes' modi ed
Com (also denoted a€pm C), Cjip , Cpm.a/, Cp.5:15/, Cp .5:15/, Cypmi , Wright's Cs, Boyles'

S + Cop + Cop » Cog » Cpa» Gy, C, C, Cpe, and Vannmann'€,, .u; v/ andCp v/ .

You can provide values for the parametarf®r Cpr, .a/, uandv for C, .u; v/ andC, .v/, and for the
multiplier for Cs by specifying the following options in parentheses afterSRECIALINDICES
option.

CPMA=value
speci es thevalue of the parametea for the capability indeXC,, .a/ described in Section 3.7
of Kotz and Johnson (1993). Thelue must be positive. The defaulélue is 0.5. The existing
CPMA= option in the PROC CAPABILITY statement is considered obsolete but still works.

CPU=value
speci es thevalue of the parameteu for Vannmann's capability inde€;, .u; v/ . Thevalue must
be greater than or equal to zero. The defaailte is zero.

CPV=value
speci es thevalue of the parametev for Vannmann's capability indiceS,, .u; v/ andCp .v/.
Thevalue must be greater than or equal to zero. The defallie is 4.

CSGAMMA=value
speci es thevalue of the multiplier suggested by Chen and Kotz (1996) for Wright's capability
indexCs. Thevalue must be greater than zero. The defaalte is 1.

SPEC=SAS-data-set

SPECS=SAS-data-set
speci es an input data set containing speci cation limits for each of the variables in the VAR statement.
This option is an alternative to the SPEC statement, which also provides speci cation limits. See
“SPEC= Data Set” on page 215 for details on SPEC= data sets, and Example 5.1 for an example. If you
use both the SPEC= option and a SPEC statement, the SPEC= option is ignored.
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TRIMMED=values(s) < (TYPE=keyword >< ALPHA=value >)
requests a table of trimmed means, where e@atle speci es the number or the proportion of trimmed
observations. If thealue is the numben of trimmed observationsy must be between 0 and half the
number of nonmissing observations. If teue is a proportiorp between 0 and 0.5, the number of
observations trimmed is the smallest integer greater than or eqopl teheren is the number of
observations. To obtain con dence limits for the mean and the stueest, you must use the default
value of VARDEF= which is DF. The TRIMMED= option is not available if you specify a WEIGHT
statement.

ALPHA=value
speci es the con dence level. The coverage percentlis value/100. For example, AL-
PHA=0.10 requests a 90% con dence limit. The default value is 0.05.

TYPE=keyword
speci es the type of con dence limit, wheteyword is LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.

VARDEF=DF | N | WDF | WEIGHT | WGT
speci es the divisor used in calculating variances and standard deviations. The values and associated
divisors are shown in the following table. By default, VARDEF=DF.

Value Divisor Formula
DF degrees of freedom n 1

N number of observations n

WEIGHT | WGT sum of weight P i Wi
WDF sum of weights minus one I:’(i wi/ 1

WINSORIZED=values(s) < (< TYPE=keyword > < ALPHA=value >) >

WINSOR=values(s) < (< TYPE=keyword > < ALPHA=value >) >
requests a table of winsorized means, where ®akle speci es the number or the proportion of
winsorized observations. If thalue is the numben of winsorized observations,must be between
0 and half the number of nonmissing observations. Ilfvtiiee is a proportiorp between 0 and 0.5,
the number of observations winsorized is the smallest integer greater than or eguaMueren is
the number of observations. To obtain con dence limits for the mean and the stu@shtyou must
use the default value of VARDEF= which is DF. The WINSORIZED= option is not available if you
specify a WEIGHT statement.

ALPHA=value
speci es the con dence level. The coverage percentlis value/100. For example, AL-
PHA=0.10 results in a 90% con dence limit. The default value is 0.05.

TYPE=keyword
speci es the type of con dence limit, wheteyword is LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.
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CLASS variable-1 < (v-options) > <variable-2 < (v-options) > >
</ KEYLEVEL= valuel | (valuel value2) > ;

The CLASS statement speci es one or two variables used to group the data into classi cation levels. Variables
in a CLASS statement are referred to@ISASS variablesCLASS variables can be numeric or character.
Class variables can have oating point values, but they typically have a few discrete values that de ne
levels of the variable. You do not have to sort the data by CLASS variables. PROC CAPABILITY uses the
formatted values of the CLASS variables to determine the classi cation levels.

NOTE: You cannot specify a COMPHISTOGRAM statement together with a CLASS statement.

You can specify the following-options enclosed in parentheses after a CLASS variable:

MISSING

speci es that missing values for the CLASS variable are to be treated as valid classi cation levels.
Special missing values that represent numeric values (".A through ".Z' and "._') are each considered
as a separate value. If you omit MISSING, PROC CAPABILITY excludes the observations with a

missing CLASS variable value from the analysis. Enclose this option in parentheses after the CLASS

variable.

ORDER=DATA | FORMATTED | FREQ | INTERNAL
speci es the display order for the CLASS variable values. The default value is INTERNAL. You can
specify the following values with the ORDER= option:

DATA

FORMATTED

FREQ

orders values according to their order in the input data set. When you use a plot
statement, PROC CAPABILITY displays the rows (columns) of the comparative
plot from top to bottom (left to right) in the order that the CLASS variable values
rst appear in the input data set.

orders values by their ascending formatted values. This order might depend on
your operating environment. When you use a plot statement, PROC CAPABILITY
displays the rows (columns) of the comparative plot from top to bottom (left to
right) in increasing order of the formatted CLASS variable values. For example,
suppose a numeric CLASS variable DAY (with values 1, 2, and 3) has a user-de ned
format that assigns Wednesday to the value 1, Thursday to the value 2, and Friday
to the value 3. The rows of the comparative plot will appear in alphabetical order
(Friday, Thursday, Wednesday) from top to bottom.

If there are two or more distinct internal values with the same formatted value, then
PROC CAPABILITY determines the order by the internal value that occurs rstin
the input data set. For numeric variables without an explicit format, the levels are
ordered by their internal values.

orders values by descending frequency count so that levels with the most observa-
tions are listed rst. If two or more values have the same frequency count, PROC
CAPABILITY uses the formatted values to determine the order.

When you use a plot statement, PROC CAPABILITY displays the rows (columns)
of the comparative plot from top to bottom (left to right) in order of decreasing
frequency count for the CLASS variable values.
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INTERNAL orders values by their unformatted values, which yields the same order as PROC
SORT. This order may depend on your operating environment.

When you use a plot statement, PROC CAPABILITY displays the rows (columns)
of the comparative plot from top to bottom (left to right) in increasing order of the
internal (unformatted) values of the CLASS variable. The rst CLASS variable

is used to label the rows of the comparative plots (top to bottom). The second
CLASS variable is used to label the columns of the comparative plots (left to right).
For example, suppose a numeric CLASS variable DAY (with values 1, 2, and 3)
has a user-de ned format that assighs Wednesday to the value 1, Thursday to the
value 2, and Friday to the value 3. The rows of the comparative plot will appear in
day-of-the-week order (Wednesday, Thursday, Friday) from top to bottom.

You can specify the following options after the slash (/) in the CLASS statement.

KEYLEVEL=value | ( valuel value2 )
speci es thekey cellsn comparative plots. For each plot, PROC CAPABILITY rst determines the
horizontal axis scaling for the key cell, and then extends the axis using the established tick interval to
accommodate the data ranges for the remaining cells, if necessary. Thus, the choice of the key cell
determines the uniform horizontal axis that PROC CAPABILITY uses for all cells.

If you specify only one CLASS variable and use a plot statement, KEYLEWR&lieidenti es the

key cell as the level for which the CLASS variable is equatdtue By default, PROC CAPABILITY

sorts the levels in the order determined by the ORDER= option, and the key cell is the rst occurrence
of a level in this order. The cells display in order from top to bottom or left to right. Consequently,
the key cell appears at the top (or left). When you specify a different key cell with the KEYLEVEL=
option, this cell appears at the top (or left).

If you specify two CLASS variables, use KEYLEVEL=v@luel value2jo identify the key cell as the

level for which CLASS variabla is equal tovaluen By default, PROC CAPABILITY sorts the levels

of the rst CLASS variable in the order that is determined by its ORDER= option. Then, within each
of these levels, it sorts the levels of the second CLASS variable in the order that is determined by its
ORDER-= option. The default key cell is the rst occurrence of a combination of levels for the two
variables in this order. The cells display in the order of the rst CLASS variable from top to bottom
and in the order of the second CLASS variable from left to right. Consequently, the default key cell
appears at the upper left corner. When you specify a different key cell with the KEYLEVEL= option,
this cell appears at the upper left corner.

The length of the KEYLEVEL= value cannot exceed 16 characters and you must specify a formatted
value.

The KEYLEVEL= option has no effect unless you specify a plot statement.

NOKEYMOVE
speci es that the location of the key cell in a comparative plot be unchanged by the CLASS statement
KEYLEVEL= option. By default, the key cell is positioned as the rst cell in a comparative plot.

The NOKEYMOVE option has no effect unless you specify a plot statement.
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SPEC Statement
The syntax for the SPEC statement is as follows:
SPEC <options > ;

You can use at most one SPEC statement in the CAPABILITY procedure. When you provide speci cation
limits and target values in a SPEC statement, the tabular output produced by the PROC CAPABILITY
statement includes process capability indices as well as summary statistics. You can use the SPEC statement
in conjunction with the CDFPLOT, COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT
statements to add speci cation limit and target lines to the plots produced with these statements.

options
control features of the speci cation limits and target values. Table 5.3 lists all options by function.

Summary of Options

Table 5.3 SPEC Statement Options

Option Description

Lower Speci cation Limit Options

CLEFT= color used to Il area left of lower speci cation limit (histograms
only)

CLSL= color of lower speci cation limit line

LLSL= line type of lower speci cation limit line

LSL= lower speci cation limit values

LSLSYMBOL= character used for lower speci cation limit line in line printer plots

PLEFT= pattern type used to Il area left of lower speci cation limit (his-
tograms only)

WLSL= width of lower speci cation limit line

Target Options

CTARGET= color of target line

LTARGET= line type of target line

TARGET= target value

TARGETSYMBOL= character used for target in line printer plots

WTARGET= width of target line

Upper Speci cation Limit Options

CRIGHT= color used to Il area right of upper speci cation limit (histograms
only)

CuUSL= color of upper speci cation limit line

LUSL= line type of upper speci cation limit line

PRIGHT= pattern type used to Il area right of upper speci cation limit (his-
tograms only)

USL= upper speci cation limit values

USLSYMBOL= character used for upper speci cation limit in line printer plots

WUSL= width of upper speci cation limit line
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General Options
You can specify the following options whether you are producing ODS Graphics output or traditional
graphics:

CLEFT=color

CLEFT
determines theolor used to Il the area under a histogram to the left of the lower speci cation limit.
You can specify the CLEFT option without an argument to |l this area with an appropriate color from
the ODS style. If you are producing ODS Graphics output, an explicit color speci cation is ignored.
This option is applicable only when the SPEC statement is used in conjunction with a HISTOGRAM
or COMPHISTOGRAM statement. See Output 5.2.1 for an example. The CLEFT= option also applies
to the area under a tted curve;for an example, see Output 5.8.1.

CRIGHT=color

CRIGHT
determines theolor used to Il the area under a histogram to the right of the upper speci cation
limit. You can specify the CRIGHT option without an argument to Il this area with an appropriate
color from the ODS style. If you are producing ODS Graphics output, an explicit color speci cation
is ignored. This option is applicable only when the SPEC statement is used in conjunction with a
HISTOGRAM or COMPHISTOGRAM statement. See Output 5.2.1 for an example. The CRIGHT=
option also applies to the area under a tted curve; for an example, see Output 5.8.1.

LSL=value-list
speci es the lower speci cation limits for the variables listed in the VAR statement, or for all numeric
variables in the input data set if no VAR statement is used. If you specify only one lower limit, it is
used for all of the variables; otherwise, the number of limits must match the number of variables. See
the section “Computing Capability Indices” on page 195 for an example.

TARGET=value-list
speci es target values for the variables listed in the VAR statement, or for all numeric variables in the
input data set if no VAR statement is used. If you specify only one target value, it is used for all of
the variables; otherwise, the number of values must match the number of variables. See the section
“Computing Capability Indices” on page 195 for an example.

USL=value-list
speci es the upper speci cation limits for the variables listed in the VAR statement, or for all numeric
variables in the input data set if no VAR statement is used. If you specify only one upper limit, it is
used for all of the variables; otherwise, the number of limits must match the number of variables. See
the section “Computing Capability Indices” on page 195 for an example.

Options for Traditional Graphics
You can specify the following options if you are producing traditional graphics:

CLSL=color
speci es the color of the lower speci cation line displayed in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements.
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CTARGET=color
speci es the color of the target line displayed in plots created with the CDFPLOT, COMPHIS-
TOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements.

CUSL=color
speci es the color of the upper speci cation line displayed in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements.

LLSL=linetype
speci es the line type for the lower speci cation line displayed in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 5.2.1 for an
example. The default is 1, which produces a solid line.

LTARGET=linetype
speci es the line type for the target line in plots created with the CDFPLOT, COMPHISTOGRAM,
HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 5.2.1 for an example. The default
is 1, which produces a solid line.

LUSL=linetype
speci es the line type for the upper speci cation line displayed in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 5.2.1 for an
example. The default is 1, which produces a solid line.

PLEFT=pattern
speci es the pattern used to Il the area under a histogram to the left of the lower speci cation limit.
This option is applicable only when the SPEC statement is used in conjunction with a HISTOGRAM or
COMPHISTOGRAM statement. For an example, see Output 5.2.1. The PLEFT= option also applies
to the area under a tted curve; for an example, see Output 5.8.1. The default pattern is a solid |I.

PRIGHT=pattern
speci es the pattern used to Il the area under a histogram to the right of the upper speci cation limit.
This option is applicable only when the SPEC statement is used in conjunction with a HISTOGRAM or
COMPHISTOGRAM statement. For an example, see Output 5.2.1. The PRIGHT= option also applies
to the area under a tted curve; for an example, see Output 5.8.1. The default pattern is a solid |I.

WLSL=n
speci es the width in pixels of the lower speci cation line in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 5.2.1 for an
illustration. The default is 1.

WTARGET=n
speci es the width in pixels of the target line in plots created with the CDFPLOT, COMPHISTOGRAM,
HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 5.2.1 for an illustration. The
default is 1.

WUSL=n
speci es the width in pixels of the upper speci cation line in plots created with the CDFPLOT,
COMPHISTOGRAM, HISTOGRAM, PROBPLOT, and QQPLOT statements. See Output 5.2.1 for an
illustration. The default is 1.
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Options for Legacy Line Printer Plots
You can specify the following options if you are producing legacy line printer plots:

LSLSYMBOL="character’
speci es the character used to display the lower speci cation line in line printer plots created with the
CDFPLOT, HISTOGRAM, PROBPLOT, and QQPLOT statements. The default character is "L

TARGETSYMBOL="character’

TARGETSYM="character '
speci es the character used to display the target line in line printer plots created with the CDFPLOT,
HISTOGRAM, PROBPLOT, and QQPLOQOT statements. The default characteris "T'.

USLSYMBOL="character'
speci es the character used to display the upper speci cation line in line printer plots created with the
CDFPLOT, HISTOGRAM, PROBPLOT, and QQPLOT statements. The default character is "U'.

Details: CAPABILITY Procedure

This section provides details on the following topics:

input data sets speci ed with the DATA= option, the SPEC= option, and the ANNOTATE= option
the output data set speci ed with the OUTTABLE= option

descriptive statistics

the tests for normality requested with the NORMALTEST option

percentile de nitions controlled using the PCTLDEF= option

robust estimators

computing the mode

assumptions and terminology for capability indices

standard capability indices

specialized capability indices

Input Data Sets

DATA= Data Set

The DATA= data set contains a set of variables that represent measurements from a process. The CAPABIL-
ITY procedure must have a DATA= data set. If you do not specify one with the DATA= option in the PROC
CAPABILITY statement, the procedure uses the last data set created.
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SPEC= Data Set
The SPEC= option in the PROC CAPABILITY statement identi es a SPEC= data set, which contains
speci cation limits. This option is an alternative to using the SPEC statement. If you use both the SPEC=
option and a SPEC statement, the SPEC= option is ighored. The SPEC= option is especially useful when:
the number of variables is large
the same speci cation limits are referred to in more than one analysis

a BY statement is used

batch processing is used

The following variables are read from a SPEC= data set:

Variable Description

_LSL_ lower speci cation limit
_TARGET_ target value

_USL_ upper speci cation limit
_VAR_ name of the variable

You may omit either _LSL_or _USL_ but not both. | TARGET _ is optional. If the SPEC= data set
contains both LSL and USL_, you can assign missing valuesto LSL or_USL _ to indicate one-sided
speci cations. You can assign missing values to _TARGET_ when the variable does not use a target value.
_LSL , USL ,and _TARGET _must be numeric variables. VAR _must be a character variable.

You can include the following optional variables in a SPEC= data set to control the appearance of speci cation
limits on charts:

Variable Description

_CLEFT_ color used to Il area left of LSL (histograms only)
_CLSL_ color of LSL line

_CRIGHT_ color used to Il area right of USL (histograms only)
_CTARGET _ color of target line

_CUSL_ color of USL line

_LLSL line type of LSL line

_LSLSYM_ character used for LSL line in line printer plots
_LTARGET _ line type of target line

_LUSL_ line type of USL line

_PLEFT_ pattern type used to Il area left of LSL (histograms only)
_PRIGHT_ pattern type used to Il area right of USL (histograms only)
_TARGETSYM_ character used for target in line printer plots
_USLSYM_ character used for USL line in line printer plots

_WLSL_ width of LSL line

_WTARGET_ width of target line

_WUSL_ width of USL line
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If you are using the HISTOGRAM statement to create “clickable” histograms in HTML, you can also provide
the following variables in a SPEC= data set:

Variable  Description

_LOURL_ URL associated with area to left of lower speci cation limit
_HIURL_  URL associated with area to right of upper speci cation limit
_URL_ URL associated with area between speci cation limits

These are character variables whose values are Uniform Resource Locators (URLS) linked to areas on a
histogram. When you view the ODS HTML output with a browser, you can click on an area, and the browser
will bring up the page speci ed by the corresponding URL.

If you use a BY statement, the SPEC= data set must also contain the BY variables. The SPEC= data set must
be sorted in the same order as the DATA= data set. Within a BY group, speci cation limits for each variable
plotted are read from the rst observation where _VAR_ matches the variable name.

See the section “Examples: CAPABILITY Procedure” on page 243 for an example of reading speci cation
limits from a SPEC= data set.

ANNOTATE= Data Sets

Inthe CAPABILITY procedure, you can add features to traditional graphics plots by specifying ANNOTATE=
data sets either in the PROC CAPABILITY statement or in individual plot statements. Depending on where
you specify an ANNOTATE= data set, however, the information is used for all plots or only for plots produced
by a given statement.

Information contained in the ANNOTATE= data set speci ed in the PROC CAPABILITY statement is used
for all plots produced in a given PROC step; this is a “global” ANNOTATE= data set. By using this global
data set, you can keep information common to all plots in one data set.

Information contained in the ANNOTATE= data set speci ed in a plot statement is used for plots produced by
that statement; this is a “local” ANNOTATE= data set. By using this data set, you can add statement-speci c
features to plots. For example, you can add different features to plots produced by the HISTOGRAM and
QQPLOT statements by specifying an ANNOTATE= data set in each plot statement.

In addition, you can specify an ANNOTATE= data set in the PROC CAPABILITY statement and in plot
statements. This enables you to add some features to all plots (those given in the data set speci ed in the
PROC statement) and also add statement-speci ¢ features to plots (those given in the data set speci ed in the
plot statement).

For complete details on the structure and content of Annotate type data sets, see SAS/GRAPH documentation.
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Output Data Set

OUTTABLE= Data Set
The OUTTABLE= data set saves univariate statistics and capability indices. The following variables can be
saved:

Table 5.4 OUTTABLE= Data Set

Variable Description

_CP_ Capability indeCp

_CPLCL_ Lower con dence limit foiCp
_CPUCL_ Upper con dence limit fo€,
_CPK_ Capability indexCyk

_CPKLCL_ Lower con dence limit forCy,
_CPKUCL_ Upper con dence limit foCp
_CPL_ Capability indexCPL

_CPLLCL_ Lower con dence limit folCPL
_CPLUCL_ Upper con dence limit foCPL
_CPM_ Capability indexCpm

_CPMLCL_ Lower con dence limit forCym
_CPMUCL_ Upper con dence limit foCpm
_CPU_ Capability indexcP U
_CPULCL_ Lower con dence limit folCP U
_CPUUCL_ Upper con dence limit fo€P U
_CSSs Corrected sum of squares
_CV_ Coef cient of variation
_GEOMEAN_ Geometric mean

_GINI_ Gini's mean difference

K Capability indexk

_KURT_ Kurtosis

_LSL_ Lower speci cation limit

_MAD _ Median absolute difference about the median
_MAX_ Maximum

_MEAN _ Mean

_MEDIAN_ Median

_MIN_ Minimum

_MODE_ Mode

_MSIGN_ Sign statistic

_NMISS Number of missing observations
_NOBS_ Number of nonmissing observations
_P1 1st percentile

_P5 5th percentile

_P10_ 10th percentile

P90 _ 90th percentile

P95 95th percentile

P99 99th percentile

_PCTGTR_ Percentage of observations greater than upper speci cation limit

_PCTLSS Percentage of observations less than lower speci cation limit
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Table 5.4 (continued)

Variable Description

_PROBM _ p-value of sign statistic

_PROBN_ p-value of test for normality

_PROBS _ p-value of signed rank test

_PROBT_ p-value of t statistic

Q1 25th percentile (lower quartile)

Q3 75th percentile (upper quartile)

_ON_ Qn (see “Robust Estimates of Scale” on page 228)
_QRANGE _ Interquartile range (upper quartile minus lower quatrtile)
_RANGE_ Range

_SGNRNK_ Centered sign rank

_SKEW_ Skewness

_SN_ Sh (see “Robust Estimates of Scale” on page 228)
_STD_ Standard deviation

_STDGINI_ Gini's standard deviation

_STDMAD _ MAD standard deviation

_STDMEAN_ Standard error of the mean

_STDQN _ Qn standard deviation

_STDQRANGE_ Interquartile range standard deviation

_STDSN_ S, standard deviation

_SUMWGT _ Sum of the weights

_SUM_ Sum

_TARGET _ Target value

_USL_ Upper speci cation limit

_USS Uncorrected sum of squares

_VARI_ Variance

_VAR_ Variable name

NOTE: The variablesCP_, CPLCL_, CPUCL_, CPK , CPKLCL , CPKUCL_, CPL_, CPLLCL ,
_CPLUCL_, CPM_, CPMLCL_, CPMUCL_, CPU_, CPULCL_, CPUUCL_, K, LSL_, PCTGTR_,
_PCTLSS , TARGET_, and_USL_ are included if you provide speci cation limits.

The OUTTABLE= data set and the OUT= data?setntain essentially the same information. However,

the structure of the OUTTABLE= data set may be more appropriate when you are computing summary
statistics or capability indices for more than one process variable in the same invocation of the CAPABILITY
procedure. Each observation in the OUTTABLE= data set corresponds to a different process variable, and
the variables in the data set correspond to summary statistics and indices.

NOTE: SeeTabulating Results for Multiple Variables the SAS/QC Sample Library.

For example, suppose you have ten process variaPieB10). The following statements create an OUT-
TABLE= data set namethble, which contains summary statistics and capability indices for each of these
variables:

2See “OUTPUT Statement: CAPABILITY Procedure” on page 419 for details on the OUT= data set.
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proc capability data=Process outtable=Table noprint;
var P1-P10;
specs Isl=5 10 65 35 35 5 25 25 60 15
usl=175 275 300 450 550 200 275 425 500 525;
run;

The following statements create the table shown in Figure 5.4, which contains the mean, standard deviation,
lower and upper speci cation limits, and capability ind€y, for each process variable:

proc print data=Table label noobs;
var _ZVAR_ _MEAN_ _STD_ _LSL_ _USL_ _CPK;
label VAR _=Process;

run;

Figure 5.4 Tabulating Results for Multiple Process Variables

Descriptive Statistics

This section provides computational details for the descriptive statistics which are computed with the PROC
CAPABILITY statement. These statistics can also be saved in the OUT= data set by specifying the keywords
listed in Table 5.52 in the OUTPUT statement.

Standard algorithms (Fisher 1973) are used to compute the moment statistics. The computational methods
used by the CAPABILITY procedure are consistent with those used by other SAS procedures for calculating
descriptive statistics. For details on statistics also calculated by Base SAS softwd3asee®AS Procedures

Guide

The following sections give speci ¢ details on several statistics calculated by the CAPABILITY procedure.

Mean
The sample mean is calculated as

Pn

piDlWiXi
n
ip1 Wi
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wheren is the number of nonmissing values for a variahleis theith value of the variable, ang; is the
weight associated with thieh value of the variable. If there is no WEIGHT= variable, the formula reduces to
1 n

n ipiXi-

Sum

P
The sum is calculated as i”D 1 Wi Xi, wheren is the number of nonmissing values for a variabieis the
ith value of the variable, and; is the Weight associated with tlih value of the variable. If there is no
WEIGHT= variable, the formula reduces to5 ; Xi .

Sum of the Weights p

The sum of the weights is calculated as{, ; w;, wheren is the number of nonmissing values for a variable
andw; is the weight associated with thtl value of the variable. If there is no WEIGHT= variable, the sum
of the weights ish.

Variance
The variance is calculated as

1 X
— W;j .Xj ){\\;\,/2

d iD1

wheren is the number of nonmissing values for a varialdejs theith value of the variabled), is the
weighted meany; is the weight associated with tlit value of the variable, ardlis the divisor controlled

by the VARDEF= option in the PROC CAPABILITY statement. If there is no WEIGHT= variable, the
formula reduces to

X
a .Xi )N\//Z

iD1

Standard Deviation
The standard deviation is calculated as

1
a Wi .Xj )N\,/Z
iD1

wheren is the number of nonmissing values for a variabiejs theith value of the variableX, is the
weighted meany; is the weight associated with thig value of the variable, ardiis the divisor controlled

by the VARDEF= option in the PROC CAPABILITY statement. If there is no WEIGHT= variable, the
formula reduces to

— X )N\,/z
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Skewness
The sample skewness is calculated as
I

n Xy N

.n 1ln 2/ S
iD1

3

wheren is the number of nonmissing values for a variable and must be greater thais 2heith value of
the variable XNis the sample average, aais the sample standard deviation.

The sample skewness can be positive or negative; it measures the asymmetry of the data distribution and
3

estimates the theoretical skewness; D 3 2 2 where , and 3 are the second and third central
moments. Observations that are normally distributed should have a skewness near zero.

Kurtosis
The sample kurtosis is calculated as

|
n.n C 1/ Xy N 3.n 1/?

.n 1/n 2/.n 3/iDl S .n 2/n 3/

wheren > 3. The sample kurtosis measures the heaviness of the tails of the data distribution. It estimates
the adjusted theoretical kurtosis denoted as 3, where , D 7‘2 and 4 is the fourth central moment.
Observations that are normally distributed should have a kurtosis near zero.

Coef cient of Variation (CV)
The coef cient of variation is calculated as

100 s

CVD
XN

Geometric Mean
The geometric mean is calculated as

I,_Pn
W 1= ip1wi

Wi Xi
iD1
wheren is the number of nonmissing values for a varialzleis theith value of the variable, ang; is the
weight associated with théh value of the variable.

If there is no WEIGHT variable, the formula reduces to
W 1=n
Xi
iD1

If any X; is negative, the geometric mean is set to missing.
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Signed Rank Statistic
The signed rank statistigis computed as

X n.n C 1/
SD re —
iW;> o
WhereriC is the rank ofx; oj after discarding values of D o, andnis the number ok; values not
equal to . Average ranks are used for tied values.

If n 20, the signi cance ofSis computed from the exact distribution 8f where the distribution is a
convolution of scaled binomial distributions. Wher» 20, the signi cance ofSis computed by treating
r—
n 1
nv S?2

as a Studentvariate withn 1 degrees of freedom. V is computed as
VDlnn01/2nC1/ 1Xt-t-Cl/t- 1/
24 ' 48 -

where the sum is over groups tied in absolute value and whéehe number of values in th&h group
(Iman 1974, Conover 1980). The null hypothesis tested is that the mean (or medignassuming that the
distribution is symmetric. Refer to Lehmann and D'Abrera (1975).

Tests for Normality

You can use the NORMALTEST option in the PROC CAPABILITY statement to request several tests of the
hypothesis that the analysis variable values are a random sample from a normal distribution. These tests,
which are summarized in the table labelegsts for Normalityinclude the following:

Shapiro-Wilk test
Kolmogorov-Smirnov test
Anderson-Darling test

Cramér-von Mises test

Tests for normality are particularly important in process capability analysis because the commonly used
capability indices are dif cult to interpret unless the data are at least approximately normally distributed.
Furthermore, the con dence limits for capability indices displayed in the table |lalfetankss Capability
Indicesrequire the assumption of normality. Consequently, the tests of normality are always computed when
you specify the SPEC statement, and a note is added to the table when the hypothesis of normality is rejected.
You can specify the particular test and the signi cance level with the CHECKINDICES option.

Shapiro-Wilk Test

If the sample size is 2000 or less, the procedure computes the Shapiro-Wilk sWtigtiso denoted as

W, to emphasize its dependence on the samplergiz€he statistid\V;, is the ratio of the best estimator

of the variance (based on the square of a linear combination of the order statistics) to the usual corrected
sum of squares estimator of the variance. Whéngreater than three, the coef cients to compute the linear
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combination of the order statistics are approximated by the method of Royston (1992). The ¥¥atistic
always greater than zero and less than or equal to®@reN  1/.

Small values oW lead to rejection of the null hypothesis. The method for computingpthalue (the
probability of obtaining aV statistic less than or equal to the observed value) depends Barn = 3,
the probability distribution oW is known and is used to determine thwalue. Fom > 4, a normalizing
transformation is computed:

7D log. log.l Wyl = if4 n 11
. Jdog.l W,/ /= if 12 n 2000

The values of , ,and are functions ofi obtained from simulation results. Large valueZg@findicate

departure from normality, and because the stat&gitias an approximately standard normal distribution,

this distribution is used to determine tpevalues fom > 4.

EDF Tests for Normality

The Kolmogorov-Smirnov, Anderson-Darling and Cramér-von Mises tests for normality are based on the
empirical distribution function (EDF) and are often referred to as EDF tests. EDF tests for a variety of
non-normal distributions are available in the HISTOGRAM statement; see the section “EDF Goodness-of-Fit
Tests” on page 346 for details. For a thorough discussion of these tests, refer to D'Agostino and Stephens
(1986).

8
<0 x<Xy
FnX/ D, & Xy x<Xjcy;iDL::in 1
1, Xy X

Note thatF,.x/ is a step function that takes a step of heiéhit each observation. This function estimates
the distribution functior=.x/ . At any valuex, F,.x/ is the proportion of observations less than or equal to
while F.x/ is the probability of an observation less than or equal t6DF statistics measure the discrepancy
betweerF,.x/ andF .x/ .

The EDF tests make use of the probability integral transformadidn F.X/ . If F.X/ is the distribution
function of X, the random variabl& is uniformly distributed between 0 and 1. Givarobservations

statistics, as described in the next three sections. The CAPABILITY procedures computes the associated
p-values by interpolating internal tables of probability levels similar to those given by D'Agostino and
Stephens (1986).

Kolmogorov-Smirnov Test
The Kolmogorov-Smirnov statistic (D) is de ned as

D D supjFn.x/  F.x/]j
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The Kolmogorov-Smirnov statistic belongs to the supremum class of EDF statistics. This class of statistics is
based on the largest vertical difference betwEexy andF,.x/ .

The Kolmogorov-Smirnov statistic is computed as the maximuid ©fandD , whereD € is the largest
vertical distance between the EDF and the distribution function when the EDF is greater than the distribution
function, andD is the largest vertical distance when the EDF is less than the distribution function.

D¢ D max L Uy
D D max, Uy %
D D max D¢:D

PROC CAPABILITY uses a modi ed KolmogoroR statistic to test the data against a normal distribution
with mean and variance equal to the sample mean and variance.

Anderson-Darling Test

The Anderson-Darling statistic and the Cramér-von Mises statistic belong to the quadratic class of EDF
statistics. This class of statistics is based on the squared differepoe F.x// 2, Quadratic statistics

have the following general form:

ZCl

QDn Fnxl  FxI1? xIdF.x/
1

The function .x/ weights the squared differencén.x/  F.x/ /2.

The Anderson-Darling statistié@) is de ned as

z C1l
A%Dn Fpxl FXIIP@x/ .1 Fxlls *dF.x/
1

Here the weight functionisx/ D €.x/ .1 F.x//» 1.

The Anderson-Darling statistic is computed as

1 X
A2D n = 2i 1/logU;; C.2nC1 2i/log f1 Uy,

n.
iD1

Cramér-von Mises Test
The Cramér-von Mises statistie?) is de ned as

Z C1l
W2Dn Fnxl  F.x/1?dF x/
1

Here the weight functionisx/ D 1.

The Cramér-von Mises statistic is computed as

X 2i 12 1
W2 D U, C —
il 2n 12n
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Percentile Computations

The CAPABILITY procedure automatically computes the 1st, 5th, 10th, 25th, 50th, 75th, 90th, 95th, and
99th percentiles (quantiles), as well as the minimum and maximum of each analysis variable. To compute
percentiles other than these default percentiles, use the PCTLPTS= and PCTLPRE= options in the OUTPUT
statement.

You can specify one of ve de nitions for computing the percentiles with the PCTLDEF= optionnlbet
variable. Let thdth percentile bg, setp D 1{)—0, and let

np D jCg whenPCTLDEF=1,2,3,0r5
.NCllp D jCg whenPCTLDEF=4

wherej is the integer part ofip, andg is the fractional part ofip. Then the PCTLDEF= option de nes the
tth percentiley, as described in the following table:

PCTLDEF= Description Formula

1 weighted average aky yD.1 g/xj Cgxjca
wherexg is taken to bex;

y D x; ifgo 1

2 observation numbered y D X; if gD % andj is even
closest tap y D Xjc1 ifgD 5 andj is odd
wherei is the integer part ofip C %

y D X ifgDO

3 empirical distribution function yDxc1 ifg>0
4 weighted average aimed yD.1 g/xj Cgxjc1
atX nc1p wherexnc 1 is taken to be,
1. . i
5 empirical distribution function yD 3 CXjci/ i1gDO

with averaging y D Xjc1 ifg>0

Weighted Percentiles
When you use a WEIGHT statement, the percentiles are computed differently. Tth h@idghted percentile
y is computed from the empirical distribution function with averaging

8
< X1 if¥y1_>pW
yD. $Xi C Xica/ ifP}Dle D pW _
Xict  if [piw <pW < Shw

P
wherew; is the weight associated with, and wheraV D = 5, w; is the sum of the weights.

Note that the PCTLDEF= option is not applicable when a WEIGHT statement is used. However, in this
case, if all the weights are identical, the weighted percentiles are the same as the percentiles that would be
computed without a WEIGHT statement and with PCTLDEF=5.
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Con dence Limits for Percentiles

You can use the CIPCTLNORMAL option to request con dence limits for percentiles which assume the
data are normally distributed. These limits are described in Section 4.4.1 of Hahn and Meeker (1991). When
0:0 < p <0:5, the two-sidedl00.1  / % con dence limits for theLOOp-th percentile are

lower limit D XN g%=211 p;n/s
upperlimit D XN g%1 =21p;n/s

wheren is the sample size. Wheéh5 p < 1.0, the two-sidedl00.1 / % con dence limits for the
100p-th percentile are

lower limit D XNC g®=211 p;n/s
upper limit D XNC g%1  =21p;n/s

One-sidedl00.1 / % con dence bounds are computed by replacing by in the appropriate preceding
equation. The factag® ; p;n/ is related to the noncentradlistribution and is described in Owen and Hua
(1977) and Odeh and Owen (1980).

You can use the CIPCTLDF option to request con dence limits for percentiles which are distribution free (in
particular, it is not necessary to assume that the data are normally distributed). These limits are described
in Section 5.2 of Hahn and Meeker (1991). The two-sitiled.1 / % con dence limits for thel00p-th
percentile are

lower limit D X,
upper limit D X,

whereX j; is thejth order statistic when the data values are arranged in increasing order:
Xy Xz it Xy

The lower rank and upper rank are integers that are symmetric (or nearly symmetric) ardmopd C 1
wherebnp c is the integer part ofip, and wheren is the sample size. Furthermoflegndu are chosen so that
X, andX ,, are as close t&y,, cc1 as possible while satisfying the coverage probability requirement

Qu 1lnp/ QI 1lUn;p/ 1
whereQ.k I n; p/ is the cumulative binomial probability

Q.klIn;p/ D : p'.1 p/"'!
iDO
In some cases, the coverage requirement cannot be met, particularhnwhsmall andp is near 0 or 1. To
relax the requirement of symmetry, you can specify CIPCTLDF( TYPE = ASYMMETRIC ). This option
requests symmetric limits when the coverage requirement can be met, and asymmetric limits otherwise.

If you specify CIPCTLDF( TYPE = LOWER ), aone-sidé80.1 / % lower con dence bound is computed
asX,, wherel is the largest integer that satis es the inequality

1 QI 1ln;p/ 1
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with0 <| n. Likewise, if you specify CIPCTLDF( TYPE = UPPER ), a one-sidéf).1 / % lower
con dence bound is computed X5, wherel is the largest integer that satis es the inequality

Qu 1lnp/ 1
whereO<u n.

Note that con dence limits for percentiles are not computed when a WEIGHT statement is speci ed.

Robust Estimators

The CAPABILITY procedure provides several methods for computing robust estimates of location and scale,
which are insensitive to outliers in the data.

Winsorized Means
Thek-times Winsorized mean is a robust estimator of location which is computed as
0 1
1 nyk 1
Mk D =@k C1/ixkecy C Xij C.kClx, A
: iDkC2
wheren is the number of observations, ang is theith order statistic when the observations are arranged in
increasing order:

X1 X o/ N X n/
The Winsorized mean is the mean computed after replacing sheallest observations with thk £ 1)st
smallest observation, and théargest observations with thi ¢ 1)st largest observation.

For data from a symmetric distribution, the Winsorized mean is an unbiased estimate of the population mean.
However, the Winsorized mean does not have a normal distribution even if the data are normally distributed.

The Winsorized sum of squared deviations is de ned as

nX( 1
2 D kClUxkcy MNwk/?C Xii Nwk/?°C kC1UXq v MNwk/?
iDkC?2
A Winsorizedt test is given by
ty D Rk 0
STDERR. ¥,/
where the standard error of the Winsorized mean is
n 1 Swk

STDERR. /D B
ik n 2k 1" nn 1/

When the data are from a symmetric distribution, the distributioi,ofis approximated by a Student's
distribution withn 2k 1 degrees of freedom. Refer to Tukey and McLaughlin (1963) and Dixon and
Tukey (1968).

A 100.1 / % Winsorized con dence interval for the mean has upper and lower limits
Mk  t = STDERR. N/

wheret; -, isthe.l  =2/100th percentile of the Studentisdistribution withn 2k 1 degrees of
freedom.
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Trimmed Means
Thek-times trimmed mean is a robust estimator of location which is computed as

1 XKk

X «
iDkC1

N D

wheren is the number of observations, arg is theith order statistic when the observations are arranged in
increasing order:

X1 X o/ A X n/

The trimmed mean is the mean computed aftekthmallest observations and tkéargest observations in
the sample are deleted.

For data from a symmetric distribution, the trimmed mean is an unbiased estimate of the population mean.
However, the trimmed mean does not have a normal distribution even if the data are normally distributed.

A robust estimate of the variance of the trimmed mgarcan be obtained from the Winsorized sum of
squared deviations; refer to Tukey and McLaughlin (1963). the corresponding tritriestds given by

Rk 0

t D -k 9
= STDERR. %/

where the standard error of the trimmed mean is

Stk
.n 2k/in 2k 1/

STDERR.N/ D p

ands, is the square root of the Winsorized sum of squared deviations.

When the data are from a symmetric distribution, the distributioty.ois approximated by a Student's
distribution withn 2k 1 degrees of freedom. Refer to Tukey and McLaughlin (1963) and Dixon and
Tukey (1968).

A 100.1 / % trimmed con dence interval for the mean has upper and lower limits
Nk t1 =» STDERR. RN/

wheret; -, isthe.l  =2/100th percentile of the Studenttsdistribution withn 2k 1 degrees of
freedom.

Robust Estimates of Scale

The sample standard deviation, which is the most commonly used estimator of scale, is sensitive to outliers.
Robust scale estimators, on the other hand, remain bounded when a single data value is replaced by an
arbitrarily large or small value. The CAPABILITY procedure computes several robust measures of scale,
including the interquartile range Gini's mean differerigethe median absolute deviation about the median
(MAD), Qn, andS,. In addition, the procedure computes estimates of the normal standard deviation
derived from each of these measures.

The interquartile range (IQR) is simply the difference between the upper and lower quartiles. For a normal
population, can be estimated as IQR/1.34898.
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Gini's mean difference is computed as

1 X
GD in Xj J
n
i<j
2
For a normal population, the expected valuésds 2 = P . Thust pi=2 is a robust estimator of when

the data are from a normal sample. For the normal distribution, this estimator has high ef ciency relative to
the usual sample standard deviation, and it is also less sensitive to the presence of outliers.

A very robust scale estimator is the MAD, the median absolute deviation from the median (Hampel 1974),
which is computed as

MAD D med .jxi med .x;/j/

where the inner mediamed .x; /, is the median of the observations, and the outer median (taken over
is the median of tha absolute values of the deviations about the inner median. For a normal population,
1.4826MAD is an estimator of.

The MAD has low ef ciency for normal distributions, and it may not always be appropriate for symmetric
distributions. Rousseeuw and Croux (1993) proposed two statistics as alternatives to the MAD. The rstis

Sn D 1:1926med .med .jx; X j//

where the outer median (taken ovgis the median of the medians ofx; X;j,j D 1;2;:::;n To
reduce small-sample bias,, S, is used to estimate, wherecsy, is a correction factor; refer to Croux and
Rousseeuw (1992).

The second statistic is
Qn D 2:2219fjx;  Xjjli <] dw
where

h

kD2

andh D En=% 1. In other wordsQ, is 2.2219 times th&th order statistic of the 2 distances between

the data points. The bias-corrected statis§igQn is used to estimate, wherecy, is a correction factor;
refer to Croux and Rousseeuw (1992).

Computing the Mode

The mode is the value that occurs most often in a set of observations. The CAPABILITY procedure counts
repetitions of the actual values (or the rounded values, if you specify the ROUND= option). If a tie occurs for
the most frequent value, the procedure reports the lowest mode in the table Rbsie&tatistical Measures

To list all possible modes, specify the MODES option in the PROC CAPABILITY statement. When no
repetitions occur in the data, the procedure does not report the mode. The WEIGHT statement has no effect
on the mode.
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Assumptions and Terminology for Capability Indices

One of the fundamental assumptions in process capability analysis is that the process must be in statistical
control. Without statistical control, the process is not predictable, the concept of a process distribution does
not apply, and quantities related to the distribution, such as probabilities, percentiles, and capability indices,
cannot be meaningfully estimated. Additionally, all of the standard process capability indices described in
the next section require that the process distribution be normal, or at least approximately normal.

In many industries, statistical control is routinely checked with a Shewhart chart (suctdaraiR chart)
before capability indices such as

USL LSL
Cyk D min ;
Pk 3 3

are computed. The control chart analysis yields estimates for the process raadrstandard deviation,
which are based on subgrouped data and can be used to esHigpati® particular, can be estimated by

s D FN=d2
rather than the ungrouped sample standard deviation

s
1
s — n.x;i MNJ/=2
n 1 .
iD1

You can use the SHEWHART procedure to carry out the control chart analysis and to compute capability
indices based ogz . On the other hand, the CAPABILITY procedure computes indices based on

Some industry manuals distinguish these two approaches. For instance, the ASQC/AIAG ruantizahen-

tal Process Controlises the notatio@ for the estimate based @r, and it uses the notatid?y, for the
estimate based an However, assuming that the process is in control and only common cause variation is
present, botlsz ands are estimates of the same parameteand so there is fundamentally no difference in
the two approachés

Once control has been established, attention should focus on the distribution of the process measurements,
and at this point there is no practical or statistical advantage to working with subgrouped measurements.
In fact, the use ofis closely associated with a wide variety of methods that are highly useful for process
capability analysis, including tests for normality, graphical displays such as histograms and probability plots,
and con dence intervals for parameters and capability indices.

Standard Capability Indices

This section provides computational details for the standard process capability indices computed by the
CAPABILITY procedure:Cp, CPL, CPU, Cp , andCpp, .

The Index Cp
The process capability indeX, , sometimes called the “process potential index,” the “process capability
ratio,” or the “inherent capability index,” is estimated as

USL LSL
b, D —>— =
P 6s

2S’[atistically,s is a more ef cient estimator of thansy.
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whereUSLis the upper speci cation limitl.SLis the lower speci cation limit, andis the sample standard
deviation. If you do not specify both the upper and the lower speci cation limits in the SPEC statement or
the SPEC= data set, th€l is assigned a missing value.

The interpretation o€, can depend on the application, on past experience, and on local practice. However,
broad guidelines for interpretation have been proposed by several authors. Ekvall and Juran (1974) classify
Cp values as

“not adequate” ifC, <1
“adequate” ifl C, 1:33 butrequiring close control &, approaches 1

“more than adequate” €, > 1:33
Montgomery (1996) recommends minimum value€gfas

1.33 for existing processes

1.50 for new processes or for existing processes when the variable is critical (for example, related to
safety or strength)

1.67 for new processes when the variable is critical

Exact100.1 / % lower and upper con dence limits faZ, (denoted by LCL and UCL) are computed
using percentiles of the chi-square distribution, as indicated by the following equations:

q
lower imt D & 2, ,=n U

q
upperlimit D & 2 _, = .,=n 1

Here, 2 denotes the lowet00 th percentile of the chi-square distribution wittdegrees of freedom.
Refer to Chou, Owen, and Borrego (1990) and Kushler and Hurley (1992).

You can specify with the ALPHA= option in the PROC CAPABILITY statement or with the CIINDICES(
ALPHA=value) in the PROC CAPABILITY statement. The default value is 0.05. You can save these limits
in the OUT= data set by specifying the keywords CPLCL and CPUCL in the OUTPUT statement. In addition,
you can display these limits on plots produced by the CAPABILITY procedure by specifying the keywords
in the INSET statement.

The Index CPL
The process capability indé€xPL is estimated as

@L 5 XN 3:5L

whereX\is the sample meahSL is the lower speci cation limit, and is the sample standard deviation. If
you do not specify the lower speci cation limit in the SPEC statement or the SPEC= data s€ERhén
assigned a missing value.
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Montgomery (1996) refers tGPL as the “process capability ratio” in the case of one-sided lower speci ca-
tions and recommends minimum values as follows:

1.25 for existing processes
1.45 for new processes or for existing processes when the variable is critical

1.60 for new processes when the variable is critical

Exact100.1 / % lower and upper con dence limits faZPL are computed using a generalization of the
method of Chou, Owen, and Borrego (1990), who point out that@@el / lower con dence limit for
CPL (denoted by CPLLCL )satis es the equation

PfT, 1. D 3p n/ CPLLCL 3CPLp ngD1

whereT, 1./ has a non-centraldistribution withn — 1 degrees of freedom and noncentrality parameter

You can specify with the ALPHA= option in the PROC CAPABILITY statement. The default value is 0.05.
The con dence limits can be saved in an output data set by specifying the keywords CPLLCL and CPLUCL
in the OUTPUT statement. In addition, you can display these limits on plots produced by the CAPABILITY
procedure by specifying these keywords in the INSET statement.

The Index CPU
The process capability indg€xPU is estimated as

é]PU 5 usL XN
3s

whereUSLis the upper speci cation limitdNis the sample mean, arsds the sample standard deviation. If
you do not specify the upper speci cation limit in the SPEC statement or the SPEC= data s€&Piiéen
assigned a missing value.

Montgomery (1996) refers t8PU as the “process capability ratio” in the case of one-sided upper speci ca-
tions and recommends minimum values that are the same as those speci ed previoG$h.for

Exactl00.1 / % lower and upper con dence limits faPU are computed using a generalization of the
method of Chou, Owen, and Borrego (1990), who point out that@@el / lower con dence limit for
CPU (denoted by CPULCL )satis es the equation

PfT, 1. D 3p n CPULCL 3CPUD ngD1

whereT,, 1./ has a non-centraldistribution withn — 1 degrees of freedom and noncentrality parameter
You can specify with the ALPHA= option in the PROC CAPABILITY statement. The default value is 0.05.
The con dence limits can be saved in an output data set by specifying the keywords CPULCL and CPUUCL

in the OUTPUT statement. In addition, you can display these limits on plots produced by the CAPABILITY
procedure by specifying these keywords in the INSET statement.

The Index Cpk
The process capability inde, is de ned as

1
Cok D 3—min.USL ; LSL/ D min.CPU; CPL/
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Note that the indice€, , Cp, andk are related a€,c D C,.1 k/. The CAPABILITY procedure
estimate<C, as

1 _ _
€, D = min.USL XY XN LSL/ D min.CPU; CPL/

whereUSLis the upper speci cation limit.SLis the lower speci cation limit)XNis the sample mean, aisd
is the sample standard deviation.

If you specify only the upper limit in the SPEC statement or the SPEC= data seCtheis computed
asCPU, and if you specify only the lower limit in the SPEC statement or the SPEC= data seCgheas
computed a€PL

Bissell (1990) derived approximate two-sided 95% con dence limitigr by assuming that the distribution
of ka is normal. Using Bissell's approach, 120 / % lower and upper con dence limits can be computed
as

mn S #
lower limit D &, 1 ~ 1 =2 ! o 1
Pk ' onb2, ~ 2.n 1
n p #
- o 1 1
upperlimit D &, 1C~ 11 =2 C

onkz ~2n 1

where™ denotes the cumulative standard normal distribution function. Kushler and Hurley (1992) concluded
that Bissell's method gives reasonably accurate results.

You can specify with the ALPHA= option in the PROC CAPABILITY statement. The default value is
0.05. These limits can be saved in an output data set by specifying the keywords CPKLCL and CPKUCL in
the OUTPUT statement. In addition, you can display these limits on plots produced by the CAPABILITY
procedure by specifying these same keywords in the INSET statement.

The Index Cpm
The process capability inde2ym is intended to account for deviation from the targein addition to
variability from the mean. This index is often de ned as

c _USL LsL
M= e 2c. T2

A closely related version d@,n, is the index

min.USL T:T LSL/ djT mj
ComD g 1= =2p ) T
3 2c. 7172 3 2c. TR2

whered D .USL LSL/=2andm D .USLC LSL/=2. If T D m, thenCym D Cpm. However, ifT @ m,
then both indices suffer from problems of interpretation, as pointed out by Kotz and Johnson (1993), and
their use should be avoided in this case.
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The CAPABILITY procedure computes an estimatof, as

min.’gSL T; T LSL/

&, D I N
P 3 2C N T/2

wheresis the sample standard deviation.

If you specify only a single speci cation limLin the SPEC statement or the SPEC= data set, @yanis
estimated as

b D jiT Sl
pm

3 2C N T/2

Boyles (1991) proposed a slightly modi ed point estimate@p, computed as
€,m D g .USL LSL/=2
3 .Aliszec N T2

Boyles also suggested approximate two-sided .00 / % con dence limits forCy,r, , which are computed
as
lower limit D €p,m 2, =

q_
upperlimit D €pm 2 _, =

Here 2 denotes the lowet00 th percentile of the chi-square distribution withdegrees of freedom,
where equals

nic T2
1c2. 812

You can specify with the ALPHA= option in the PROC CAPABILITY statement. The default value is
0.05. These con dence limits can be saved in an output data set by specifying the keywords CPMLCL and
CPMUCL in the OUTPUT statement. In addition, you can display these limits on plots produced by the
CAPABILITY procedure by specifying these keywords in the INSET statement.

Specialized Capability Indices

This section describes a number of specialized capability indices which you can request with the SPE-
CIALINDICES option in the PROC CAPABILITY statement.
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The Index k
The process capability inddx(also denoted biK) is computed as

2im X

kD USL LSL

wherem D %.USL C LSL/ is the midpoint of the speci cation limitoNis the sample meatSLis the
upper speci cation limit, and.SLis the lower speci cation limit.

The formula fork used here is given by Kane (1986). Note th& sometimes computed without taking the
absolute value o XNin the numerator. See Wadsworth, Stephens, and Godfrey (1986).

If you do not specify the upper and lower limits in the SPEC statement or the SPEC= data sktisthen
assigned a missing value.

Boyles' Index Cg,
Boyles (1992) proposed the process capability in@@g which is de ned as

1 Exea X T/2 Exst X T/2
3 T LSL/? USL T/2

# 1=2

Com D

He proposed this index as a modi cation@f,, for use when © T. The quantities
Ex<r X T/2DE X T/AX<T Pr&<Tes

and
Exst X T/2 DE X T/X>T Pr@&>Ts

are referred to as semivariances. Kotz and Johnson (1993) point out Th& ifLSL C USL/=2, then
Cr?m D Com-.

Kotz and Johnson (1993) suggest that a natural estimat@foris

2 (P P ) 123
1=2
pm 3 n T LSL/? .USL T/2

Note that this index is not de ned when either of the speci cation limits is equal to the tardeefer to
Section 3.5 of Kotz and Johnson (1993) for further details.

The Index Cjyp
Johnson, Kotz, and Pearn (1994) introduced a so-called “ exible” process capability index which takes into
account possible differences in variability above and below the targetey de ned this index as
!
c D 1 min B USL T . T LSL
" B— :
R U Exor ®X T/2' " Exer EX T/2

whered D .USL LSL/=2.
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A natural estimator of this index is
0 1

1 , USL T T LSL
ijp D_p_émm@i-' = X
3 xor Xi Tl=n L X; T/?=n

For further details, refer to Section 4.4 of Kotz and Johnson (1993).

The Indices Cpm .a/
The class of capability indiceSym, .a/, indexed by the parametar(a > 0) allows exibility in choosing
between the relative importance of variability and deviation of the mean from the targeflvalue

The class de ned as

Com-@/ D.1 a ?/Cp

where D . T /= . The motivation for this de nition is that if j is small, then
1,

A natural estimator o€y, .a/ is
8 1.9

L
d < U
3—prm a/D. 1 a

whered D .USL LSL/=2. You can specify the value @fwith the SPECIALINDICES(CPMA=) option in
the PROC CAPABILITY statement. By defauét= 0.5.

This index is not recommended for situation in which the tafé not equal to the midpoint of the
speci cation limits.

For additional details, refer to Section 3.7 of Kotz and Johnson (1993).

The Index Cp_5:15/
Johnsoret al. (1992) suggest the class of process capability indices de ned as

USL LSL
Co/) D——

where is chosen so that the proportion of conforming items is robust with respect to the shape of the process
distribution. In particular, Kotz and Johnson (1993) recommend use of

USL LSL

Cos: D
p.5:15/ 515

which is estimated as

USL LSL

E. ..
p.5:15/ 5:15s

For details, refer to Section 4.3.2 of Kotz and Johnson (1993).
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The Index Cpk.5215/
Similarly, Kotz and Johnson (1993) recommend use of the robust capability index

d j  .USLCLSL/=2
Coksis D
pk.5:15/ 2575

whered D .USL LSL/=2. This index is estimated as

d j XN .USLCLSL/=2
2:575s

For details, refer to Section 4.3.2 of Kotz and Johnson (1993).

ka.5:15/ D

The Index Cpmi

Pearn, Kotz, and Johnson (1992) proposed the iigx
.USL LSL/=2 j mj
Comk B P =1

wherem D .LCL C UCL/=2. A natural estimator foCpy is

USL LSL/=2 | N mj
mek S
3 .0Ais2c N T2
wherem D .USL C LSL/=2.

For further details, refer to Section 3.6 of Kotz and Johnson (1993).

Wright's Index Cg

Wright (1995) de nes the capability index
in.USL ; LSL/
CsD —pot !
3 ?2C. T/I2C 3=

where 3D EX /3.

A natural estimator o€ is
USL LSL/=2 j XN mj
e. D q I mj
3 01l 2c N T/2Cjcss?bgj

n

wherecy is an unbiasing constant for the sample standard deviatioaisca measure of skewness. Wright
(1995) shows thafs compares favorably witle,,x even when skewness is not present, and he advocates
the use ofC for monitoring near-normal processes when loss of capability typically leads to asymmetry.

Chen and Kotz (1996) proposed a modi cation to WrigtiE'sindex which introduces a multiplier,> 0 ,
and is estimated as

_.usL LsLi=2 N mj
\4
3 1 @2C N T/2C jess?hs)

n

e.D

If you specify a value for with the SPECIALINDICES(CSGAMMA=)option, the indexCs is computed
with this modi cation. Otherwise it is computed using Wright's original de nition.
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The Index S
Boyles (1994) proposed a smooth versiorCgf, de ned as

o usL T . T LsL
" 2Eyxor EX T/2' ' 2Exe EX T/2e

Sk DS

The CAPABILITY procedure estimatesy, as

1

0
USL T T LSL
gjkp D S& p  &—p X

whereS.x;y/ D~ @E.x/ C .yl g=2¢=3

The Index Cpp
Chen (1998) devised a process incapability index based difhendex. The rstterm measuresaccuracy
and the second measuiesrecision TheC,, index is estimated as

whered D min.USL T;T LSL/.

The Index Cg;
The indexCp, does not handle asymmetric tolerances well, as discussed by Kotz and Lovelace (1998). To
address that shortcoming, Chen (1998) de ned the ir(q%x which is estimated by

[ s
00
bppD d =3 c d =3
where
(>N Tid T )Nd)
A D max - o

T LSL'USL T

andd D .USL LSL/=2.
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The Index Cpqg
Marcucci and Beazley (1988) de ned the index

1
C2

pm

Cog D
which is estimated as

1

ez,
The Index Cpq
Gupta and Kotz (1997) introduced the ind&y, , which is estimated by

2 1 .3

s 2
NoT
By DE,41 . 5

NI =

The Index C}
Bai and Choi (1997) de ned the index

C
Cy' D p———
1Cj1 2P4j

wherePy D Pr.X [/ .lItis estimated by

o)
eV Dg—2
1Cj1 2P,j

whereP , is the fraction of observations less than or equaf¥d=or more information abOL@F\,N, see Kotz
and Lovelace (1998).

The Index CJ
Bai and Choi (1997) also proposed the index

USL LSL
Cl Dmn —p— —Pp—-—
P 2P, '3 21 Pyl

1
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It is estimated by

8 9

< >
oSust N XN LsL
g/ D min. —4 -

8 A >
©3s 2P, 3s 2.1 b,/

whereP , is the fraction of observations less than or equaf¥d=or more information abo&tg’x , see Kotz
and Lovelace (1998).

w
The Index Cyp,

The indexcg’x1 , also introduced by Bai and Choi (1997), is de ned as

C
Clh D P
1Cj1 2Pyj

wherePt D Pr.X  T/. Itis estimated by

me
1Cj1 2P +j

W a

me D ¢

whereP 1 is the fraction of observations less than or equdl.tsor more information abom:g:; , see Kotz
and Lovelace (1998).

The Index Cpc
Lucefo (1996) proposed the index

USL LSL
Cpc D ————
6 SEjX Mj

whereM D .USLC LSL/=2. Itis estimated by

USL LSL
Qpc D —a——

ic
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Vannmann's Index C,.u; v/
Vannmann (1995) introduced the generalized inG@gxu; v/, which reduces to the following capability
indices given appropriate choiceswéandyv:

Cp.0;0/ D C,
Cp.0;1/ D Cpyy
Cp.1;0/ D Cpm

Cp.1;1/ D Cpmi

Cp.u;v/ isde ned as

d uj Mj
Cpo.u;vi D 5 - )
3 2Cuw. T/?

and estimated by

d updN Mj
€,.u;v/ D g - )
3 .0ds2cvN T2

You can specifyu with the SPECIALINDICES(CPU=)ption andv with the SPECIALINDICES(CPV=)
option. By defaultu =0 andv = 4.

Véannmann's Index C,.v/
Vannmann (1997) also proposed the ind@gxv/, which is equivalent t&€, .u; v/ with u = 1. Itis estimated
as

d j N Mmj
&,.v/ D 4 ) )
3 .AliszecvN T2

You can specify with the SPECIALINDICES(CPV=) option. By defauit,= 4.

Missing Values

If a variable for which statistics are calculated has a missing value, that value is ignored in the calculation of
statistics, and the missing values are tabulated separately. A missing value for one such variable does not
affect the treatment of other variables in the same observation.

If the WEIGHT variable has a missing value, the observation is excluded from the analysis. If the FREQ
variable has a missing value, the observation is excluded from the analysis. If a variable in a BY or ID
statement has a missing value, the procedure treats it as it would treat any other value of a BY or ID variable.
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ODS Tables
This section describes the ODS tables produced by the CAPABILITY procedure.
Table 5.5 summarizes the ODS tables that you can request with options in the PROC CAPABILITY statement.

Table 5.5 ODS Tables Produced with the PROC CAPABILITY Statement

Table Name Description Option
Basiclntervals con dence intervals for mean, standardCIBASIC
deviation, variance
BasicMeasures measures of location and variability default
ExtremeObs extreme observations default
ExtremeValues extreme values NEXTRVAL=
Frequencies frequencies FREQ
LocationCounts counts used for sign test and signed ranlkOCCOUNTS
test
MissingValues missing values default
Modes modes MODES
Moments sample moments default
Quantiles quantiles default
RobustScale robust measures of scale ROBUSTSCALE
TestsForLocation tests for location default
TestsForNormality  tests for normality NORMALTEST
TrimmedMeans trimmed means TRIMMED=
WinsorizedMeans Winsorized means WINSORIZED=

Table 5.6 summarizes the ODS tables related to capability indices that you can request with options in the
PROC CAPABILITY statement when you provide speci cation limits with a SPEC statement or with a
SPEC= data set.

Table 5.6 ODS Tables Related to Speci cation Limits

Table Name Description Option
CIProbExSpecs con dence limits for probabilities of  CIPROBEX
exceeding speci cations
Indices standard capability indices default
Speciallndices specialized capability indices SPECIALINDICES
Speci cations percents outside speci cation limits basedlefault
on empirical

Table 5.7 summarizes the ODS tables related to tted distributions that you can request with options in the
HISTOGRAM statement.



Examples: CAPABILITY Procedure F 243

Table 5.7 ODS Tables Produced with the HISTOGRAM Statement

Table Name Description Option

Bins histogram bins MIDPERCENTS suboption with any
distribution option, such as
NORMAL(MIDPERCENTS)

Fitindices capability indices INDICES suboption with any
computed from tted distribution option, such as
distribution LOGNORMAL(INDICES)

FitQuantiles guantiles of tted any distribution option such as
distribution NORMAL

GoodnessOfFit goodness-of- t tests for any distribution option such as
tted distribution NORMAL

ParameterEstimates  parameter estimates fany distribution option such as
tted distribution NORMAL

Speci cations percents outside any distribution option such as

speci cation limits based NORMAL
on empirical and tted
distributions

The following table summarizes the ODS tables that you can request with options in the INTERVALS
statement.

Table 5.8 ODS Tables Produced with the INTERVALS Statement

Table Name Description Option
Intervalsl prediction interval for future observations METHODS=1
Intervals2 prediction interval for mean METHODS=2
Intervals3 tolerance interval for proportion of population METHODS=3
Intervals4 con dence limits for mean METHODS=4
Intervals5 prediction interval for standard deviation METHODS=5
Intervals6 con dence limits for standard deviation METHODS=6

Examples: CAPABILITY Procedure

This section provides a more advanced example of the PROC CAPABILITY statement.

Example 5.1: Reading Speci cation Limits
NOTE: SeeReading Spec Limits from an Input Data 8ethe SAS/QC Sample Library.

You can specify speci cation limits either in the SPEC statement or in a SPEC= data set. In “Computing
Capability Indices” on page 195, limits were speci ed in a SPEC statement. This example illustrates how
to create a SPEC= data set to read speci cation limits with the SPEC= option in the PROC CAPABILITY
statement.
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Consider the drink can data presented in “Computing Descriptive Statistics” on page 193. Suppose, in
addition to the uid weight of each drink can, the weight of the can itself is stored in a variable nhamed
Cweight, and both variables are saved in a data set calle@. A partial listing ofCan2 follows:

proc print data=Can2(obs=5);
run;

Output 5.1.1 The Data Set Can2

The following DATA step creates a data set nam@nits containing speci cation limits for the uid weight
and the can weightimits has 4 variables /AR_, LSL , USL_, and_TARGET_) and 2 observations. The
rst observation contains the speci cation limit information for the variatdleight, and the second contains
the speci cation limit information for the variableweight.

data Limits;
length _var_ $8;
_var_ = Weight;
_Isl_ = 11.95;
_target_ = 12;
_usl_ = 12.05;
output;
_var_ = Cweight;
_Isl_ = 0.90;
_target = 1,
_usl_ = 1.10;
output;

run;
The following statements read the speci cation information fromttingts data set into the CAPABILITY
procedure by using the SPEC= option. These statements print summary statistics, capability indices, and
speci cation limit information forweight andCweight. Figure 5.1 and Figure 5.2 display the output for
Weight. Output 5.1.2 displays the output fGwveight.

titte Process Capability Analysis of Drink Can Data;
proc capability data=Can2 specs=Limits;

var Cweight;
run;



Example 5.1: Reading Speci cation Limits F 245

Output 5.1.2 Printed Output for Variable Cweight
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Output 5.1.2 continued

Example 5.2: Enhancing Reference Lines
NOTE: SeeControlling the Appearance of Spec Limitssthe SAS/QC Sample Library.

A telecommunications company manufactures ampli ers to be used in telephones. Each ampli er is designed
to boost the input signal by 5 decibels (dB). Because it is dif cult to make every ampli er's boosting power
exactly 5 decibels, the company decides that ampli ers that boost the input signal between 4 and 6 decibels
are acceptable. Therefore, the target value is 5 decibels, and the lower and upper speci cation limits are 4 and
6 decibels, respectively. The following data set contains the boosting powers of a sample of 75 ampli ers:

data Amps;

label Decibels = Amplification in Decibels (dB);

input Decibels @@;

datalines;
454 487 466 4.90 4.68 5.22 4.43 5.14 3.07 4.22
5.09 3.41 5.75 5.16 3.96 5.37 5.70 4.11 4.83 4.51
457 4.16 5.73 3.64 5.48 4.95 457 4.46 4.75 5.38
5.19 4.35 4.98 4.87 3.53 4.46 4.57 4.69 5.27 4.67
5.03 4.50 5.35 4.55 4.05 6.63 5.32 5.24 5.73 5.08
5.07 5.42 5.05 5.70 4.79 4.34 5.06 4.64 4.82 3.24
4.79 4.46 3.84 5.05 5.46 4.64 6.13 4.31 4.81 4.98
495 557 4.11 4.15 5.95
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The SPEC statement provides several options to control the appearance of reference lines for the speci cation
limits and the target value. The following statements use the datanget to create a histogram that
demonstrates some of these options:

ods graphics off;

legend2 FRAME CFRAME-=ligr CBORDER=black POSITION=center;
titte Boosting Power of Telephone Amplifiers;

proc capability data=Amps;

spec target = 5 Isl = 4 usl = 6
ltarget = 2 lIsl = 3 lusl = 4
wtarget = 2 wlsl = 2 wusl = 2
cleft cright;

histogram Decibels / cbarline = black;

run;

The resulting histogram is shown in Output 5.2.1. The LTARGET=, LLSL=, and LUSL= options control
the line type of the reference lines for the target, lower speci cation limit, and upper speci cation limit,
respectively. Likewise, the WTARGET=, WLSL=, and WUSL= options control the line widths. The
CLEFT= option controls the color used to Il the area to the left of the lower speci cation limit. Similarly,
the CRIGHT= option controls the color used to Il the area to the right of the upper speci cation limit.

Output 5.2.1 Controlling the Appearance of Speci cation Limits
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Example 5.3: Displaying a Con dence Interval for Cpk
NOTE: SeeDisplaying a Con dence Interval for Cpiim the SAS/QC Sample Library.

In this example, the capability inde&,, is computed for the ampli cation data iemps. To examine the
accuracy of this estimate, the following statements calculate a 90% con dence inter@\fothen display
the interval on a histogram (shown in Output 5.3.1) with the INSET statement:

titte Boosting Power of Telephone Amplifiers;
proc capability data=Amps noprint alpha=0.10;
var Decibels;
spec target =5 Isl =4 wusl =6
ltarget = 2 lIsl = 3 lusl = 4;
histogram Decibels / odstitle = title;;
inset cpklcl cpk cpkucl / header = 90% Confidence Interval
format = 6.3;
run;

The ALPHA= option in the PROC CAPABILITY statement controls the level of the con dence interval.

In this case, the 90% con dence interval Gy is wide (from 0.328 to 0.496), indicating that the process

may need adjustments in order to improve process variability. Con dence limits for capability indices can
be displayed using the INSET statement (as shown in Output 5.3.1) or saved in an output data set by using
the OUTPUT statement. For formulas and details about capability indices, see the section “Specialized
Capability Indices” on page 234. For more information about the INSET statement, see “INSET Statement:
CAPABILITY Procedure” on page 380.
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Output 5.3.1 Con dence Interval on Cpy

The following statements can be used to produce a table of process capability indices including the index

Cpk .
ods select indices;
proc capability data=Amps alpha=0.10;

spec target = 5 Isl =4 wusl =6
ltarget 2 llsl = 3 lusl = 4;

var Decibels;
run;
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Output 5.3.2 Process Capability Indices

CDFPLOT Statement: CAPABILITY Procedure

Overview: CDFPLOT Statement

The CDFPLOT statement plots the observed cumulative distribution funaitihdf a variable, de ned as

Fn.xX D percent of nonmissing values x
number of values x

N 100%

whereN is the number of nonmissing observations. The cdf is an increasing step function that has a vertical
jump of Ni at each value ok equal to an observed value. The cdf is also referred to as the empirical
cumulative distribution function (ecdf).

You can use options in the CDFPLOT statement to do the following:

superimpose speci cation limits
superimpose tted theoretical distributions
specify graphical enhancements (such as color or text height)

You can also create a comparative cdf plot by using the CDFPLOT statement in conjunction with a CLASS
statement.
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You have three alternatives for producing cdf plots with the CDFPLOT statement:

ODS Graphics output is produced if ODS Graphics is enabled, for example by specifying the ODS
GRAPHICS ON statement prior to the PROC statement.

Otherwise, traditional graphics are produced by default if SAS/GRARHcensed.

Legacy line printer charts are produced when you specify the LINEPRINTER option in the PROC
statement.

See Chapter 3, “SAS/QC Graphics,” for more information about producing these different kinds of graphs.

Getting Started: CDFPLOT Statement
Creating a Cumulative Distribution Plot
NOTE: SeeCDF Plot with Superimposed Normal Curivethe SAS/QC Sample Library.

This section introduces the CDFPLOT statement with a simple example. A company that produces ber optic
cord is interested in the breaking strength of the cord. The following statements create a data s&tardmed
which contains 50 breaking strengths measured in pounds per square inch (psi), and they display the cdf plot
in Figure 5.5. The plot shows a symmetric distribution with observations concentrated 6.9 and 7.1. The plot
also shows that only a small percentage (< 5%) of the observations are below the lower speci cation limit of
6.8.

data Cord;

label Strength="Breaking Strength (psi)";

input Strength @@;

datalines;
6.94 6.97 7.11 6.95 7.12 6.70 7.13 7.34 6.90 6.83
7.06 6.89 7.28 6.93 7.05 7.00 7.04 7.21 7.08 7.01
7.05 7.11 7.03 6.98 7.04 7.08 6.87 6.81 7.11 6.74
6.95 7.05 6.98 6.94 7.06 7.12 7.19 7.12 7.01 6.84
6.91 6.89 7.23 6.98 6.93 6.83 6.99 7.00 6.97 7.01

titte Cumulative Distribution Function of Breaking Strength ;
proc capability data=Cord noprint;

spec Isl=6.8;

cdf Strength / odstitle=title;
run;
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Figure 5.5 Cumulative Distribution Function

Syntax: CDFPLOT Statement
The syntax for the CDFPLOT statement is as follows:
CDFPLOT <variables > </ options > ;

You can specify the keyword CDF as an alias for CDFPLOT. You can specify any number of CDFPLOT

statements after a PROC CAPABILITY statement. The components of the CDFPLOT statement are described
as follows:

variables
specify variables for which to create cdf plots. If you specify a VAR statement, the variables must also
be listed in the VAR statement. Otherwise, the variables can be any numeric variables in the input
data set. If you do not specify variables in a CDFPLOT statement, then a cdf plot is created for each

variable listed in the VAR statement, or for each numeric variable in the input data set if you do not use
a VAR statement.
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For example, suppose a data set nasteel contains exactly three numeric variablesgth, width
andheight. The following statements create a cdf plot for each of the three variables:

proc capability data=steel;
cdfplot;
run;

The following statements create a cdf plot femgth and a cdf plot fowidth:

proc capability data=steel;
var length width;
cdfplot;

run;

The following statements create a cdf plot fadth:

proc capability data=steel;
var length width;
cdfplot width;

run;

By default, the horizontal axis of a cdf plot is labeled with the variable name. If you specify a label for
a variable, however, the label is used. The default vertical axis lakrlnsulative Percentnd the
axis is scaled in percent of observations.

If you specify a SPEC statement or a SPEC= data set in addition to the CDFPLOT statement, then the
speci cation limits for each variable are displayed as reference lines and are identi ed in a legend.

options
add features to plots. All options appear after the slash (/) in the CDFPLOT statement. In the following
example, the NORMAL option superimposes a normal cdf on the plot, and the CTEXT= option
speci es the color of the text.

proc capability data=steel;
cdfplot length / normal ctext=yellow;
run;

Summary of Options

The following tables list all options by function. The section “Dictionary of Options” on page 258 describes
each option in detail.

Distribution Options
You can use the options listed in Table 5.9 to superimpose a tted theoretical distribution function on your
cdf plot.
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Table 5.9 Options for Specifying a Theoretical Distribution

Option Description

BETA(beta-options) plots beta distribution with threshold parame-
ter , scale parameter, and shape parame-
ters and

EXPONENTIAL (exponential-options) plots exponential distribution with threshold
parameter and scale parameter

GAMMA( gamma-options) plots gamma distribution with threshold pa-
rameter , scale parameter, and shape pa-
rameter

GUMBEL(Gumbel-options) plots Gumbel distribution with location pa-
rameter and scale parameter

IGAUSS(Gauss-options) plots inverse Gaussian distribution with mean

and shape parameter

LOGNORMAL (lognormal-options) plots lognormal distribution with threshold
parameter , scale parameter, and shape
parameter ,

NORMAL (normal-options) plots normal distribution with mean and
standard deviation

PARETOPareto-options) plots generalized Pareto distribution with

threshold parameter, scale parameter, and
shape parameter

POWER power-options) plots power function distribution with thresh-
old parameter, scale parameter, and shape
parameter

RAYLEIGH(Rayleigh-options) plots Rayleigh distribution with threshold pa-
rameter and scale parameter

WEIBULL(Weibull-options) plots Weibull distribution function with

threshold parameter, scale parameter, and
shape parameter

Table 5.10 summarizes options that specify distribution parameters and control the display of the theoretical
distribution curve. You can specify these options in parentheses after the distribution option. For example,
the following statements use the NORMAL option to superimpose a normal distribution:

proc capability;
cdfplot / normal(mu=10 sigma=0.5 color=red);
run;

The COLOR= option speci es the color for the curve, andrioemal-optiondMU= and SIGMA= specify
the parameters D 10and D 0:5for the distribution function. If you do not specify these parameters,
maximum likelihood estimates are computed.
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Table 5.10 Distribution Options

Option Description

Options Used with All Distributions

COLOR= speci es color of theoretical distribution function

L= speci es line type of theoretical distribution function

SYMBOL= speci escharacterused to plot theoretical distribution function on
line printer plots

W= speci es width of theoretical distribution function

Beta-Options

ALPHA= speci es rst shape parameter for beta distribution function

BETA= speci es second shape parametefor beta distribution function

SIGMA= speci es scale parameterfor beta distribution function

THETA= speci es lower threshold parameterfor beta distribution function

Exponential-Options

SIGMA= speci es scale parameterfor exponential distribution function

THETA= speci es threshold parameterfor exponential distribution function

Gamma-Options

ALPHA= speci es shape parameterfor gamma distribution function

ALPHADELTA= speci es change in successive estimates at which the Newton-
Raphson approximation ddterminates

ALPHAINITIAL= speci es initial value for in the Newton-Raphson approximation
of O

MAXITER= speci es maximum number of iterations in the Newton-Raphson
approximation ofO

SIGMA= speci es scale parameterfor gamma distribution function

THETA= speci es threshold parameterfor gamma distribution function

Gumbel-Options

MU= speci es location parameter for Gumbel distribution function

SIGMA= speci es scale parameterfor Gumbel distribution function

IGauss-Options

LAMBDA= speci es shape parameterfor inverse Gaussian distribution func-
tion

MU= speci es mean for inverse Gaussian distribution function

Lognormal-Options

SIGMA= speci es shape parameterfor lognormal distribution function

THETA= speci es threshold parameterfor lognormal distribution function

ZETA= speci es scale parameterfor lognormal distribution function

Normal-Options

MU= speci es mean for normal distribution function

SIGMA= speci es standard deviation for normal distribution function

Pareto-Options

ALPHA= speci es shape parameterfor generalized Pareto distribution
function

SIGMA= speci es scale parameterfor generalized Pareto distribution func-

tion
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Table 5.10 (continued)

Option

Description

THETA=

Power-Options
ALPHA=
SIGMA=
THETA=
Rayleigh-Options
SIGMA=
THETA=
Weibull-Options
C=

CDELTA=

CINITIAL=
MAXITER=

SIGMA=
THETA=

speci es threshold parameterfor generalized Pareto distribution
function

speci es shape parameterfor power function distribution
speci es scale parameterfor power function distribution
speci es threshold parameterfor power function distribution

speci es scale parameterfor Rayleigh distribution function
speci es threshold parameterfor Rayleigh distribution function

speci es shape parametefor Weibull distribution function

speci es change in successive estimates af which the Newton-
Raphson approximation @terminates

speci es initial value forc in the Newton-Raphson approximation
of ©

speci es maximum number of iterations in the Newton-Raphson
approximation of©

speci es scale parameterfor Weibull distribution function

speci es threshold parameterfor Weibull distribution function

General Options

Table 5.11

General CDFPLOT Statement Options

Option

Description

General Plot Layout Options

CONTENTS=
HREF=
HREFLABELS=
NOCDFLEGEND
NOECDF
NOFRAME
NOLEGEND
NOSPECLEGEND
VREF=
VREFLABELS=
VSCALE=
Graphics Options
ANNOTATE=
CAXIS=
CFRAME=
CHREF=
CSTATREF=

speci es table of contents entry for cdf plot grouping

speci es reference lines perpendicular to the horizontal axis
speci es labels for HREF= lines

suppresses legend for superimposed theoretical cdf
suppresses plot of empirical (observed) distribution function
suppresses frame around plotting area

suppresses legend

suppresses speci cations legend

speci es reference lines perpendicular to the vertical axis
speci es labels for VREF= lines
speci es scale for vertical axis

speci es annotate data set

speci es color for axis

speci es color for frame

speci es colors for HREF= lines
speci es colors for STATREF= lines
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Table 5.11 (continued)

Option Description

CTEXT= speci es color for text

CVREF= speci es colors for VREF= lines

DESCRIPTION= speci es description for graphics catalog member

FONT= speci es text font

HAXIS= speci es AXIS statement for horizontal axis

HEIGHT= speci es height of text used outside framed areas

HMINOR= speci es number of horizontal axis minor tick marks

HREFLABPOS= speci es position for HREF= line labels

INFONT= speci es software font for text inside framed areas

INHEIGHT= speci es height of text inside framed areas

LHREF= speci es line styles for HREF= lines

LSTATREF= speci es line styles for STATREF= lines

LVREF= speci es line styles for VREF= lines

NAME= speci es hame for plot in graphics catalog

NOHLABEL suppresses label for horizontal axis

NOVLABEL suppresses label for vertical axis

NOVTICK suppresses tick marks and tick mark labels for vertical axis

STATREF= speci es reference lines at values of summary statistics

STATREFLABELS= speci es labels for STATREF= lines

STATREFSUBCHAR= speci es substitution character for displaying statistic values in
STATREFLABELS= labels

TURNVLABELS turns and vertically strings out characters in labels for vertical axis

VAXIS= speci es AXIS statement for vertical axis

VAXISLABEL= speci es label for vertical axis

VMINOR= speci es number of vertical axis minor tick marks

VREFLABPOS= speci es position for VREF= line labels

WAXIS= speci es line thickness for axes and frame

Options for ODS Graphics Output

ODSFOOTNOTE= speci es footnote displayed on cdf plot

ODSFOOTNOTEZ2= speci es secondary footnote displayed on cdf plot

ODSTITLE= speci es title displayed on cdf plot

ODSTITLE2= speci es secondary title displayed on cdf plot

Options for Comparative Plots

ANNOKEY applies annotation requested in ANNOTATE= data set to key cell
only

CFRAMESIDE= speci es color for Iling row label frames

CFRAMETOP= speci es color for lling column label frames

CPROP= speci es color for proportion of frequency bar

CTEXTSIDE= speci es color for row labels

CTEXTTOP= speci es color for column labels

INTERTILE= speci es distance between tiles in comparative plot

NCOLS= speci es number of columns in comparative plot

NROWS= speci es number of rows in comparative plot

OVERLAY overlays plots for different class levels (ODS Graphics only)




258 F Chapter 5: The CAPABILITY Procedure

Table 5.11 (continued)

Option Description

Options for Line Printer Charts

CDFSYMBOL= speci es character for plotted points
HREFCHAR= speci es line character for HREF= lines
VREFCHAR= speci es line character for VREF= lines

Dictionary of Options

The following entries provide detailed descriptions of the options speci ¢ to the CDFPLOT statement. See
“Dictionary of Common Options: CAPABILITY Procedure” on page 529 for detailed descriptions of options
common to all the plot statements.

ALPHA=value
speci es the shape parameterfor distribution functions requested with the BETA, GAMMA,
PARETO, and POWER options. Enclose the ALPHA= option in parentheses after the distribu-
tion keyword. If you do not specify a value for, the procedure calculates a maximum likelihood
estimate. For examples, see the entries for the distribution options.

BETA< (beta-options) >
displays a tted beta distribution function on the cdf plot. The equation of the tted cdf is

8

< 0 for x
Fx/ D Ix .;/ for <x< C

1 for x C

wherely . ; / isthe incomplete beta function, and

D lower threshold parameter (lower endpoint)
D scale parameter > 0/
D shape parameter> 0/
D shape parameter> 0/

The beta distribution is bounded below by the paramet&nd above by the valueC . You can
specify and by using the THETA= and SIGMA®beta-optionsas illustrated in the following
statements, which t a beta distribution bounded between 50 and 75. The default valuesnior
are 0 and 1, respectively.

proc capability;
cdfplot / beta(theta=50 sigma=25);
run;

The beta distribution has two shape parameteand . If these parameters are known, you can
specify their values with the ALPHA= and BETAseta-options|f you do not specify values for
and , the procedure calculates maximum likelihood estimates.

The BETA option can appear only once in a CDFPLOT statement. See Table 5.10 for a list of secondary
options you can specify with the BETA distribution option.
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BETA=value

B=value
speci es the second shape parametdor beta distribution functions requested by the BETA option.
Enclose the BETA= option in parentheses after the BETA keyword. If you do not specify a valug for
the procedure calculates a maximum likelihood estimate. For examples, see the preceding entry for the
BETA option.

C=value
speci es the shape parametefor Weibull distribution functions requested with the WEIBULL option.
Enclose the C= option in parentheses after the WEIBULL keyword. If you do not specify a valtie for
the procedure calculates a maximum likelihood estimate. You can specify the SHAPE= option as an
alias for the C= option.

CDFSYMBOL="character'
speci es the character used to plot the points on legacy line printer cdf plots. The default is the plus sign
(+). This option is ignored unless you specify the LINEPRINTER option in the PROC CAPABILITY
statement. Use the SYMBOL statement to control the plotting symbol in traditional graphics output.

EXPONENTIAL< (exponential-options) >
EXP< (exponential-options ) >
displays a tted exponential distribution function on the cdf plot. The equation of the tted cdfis

(

0
Fx/ D 1 exp *— forx>

for x

where
D threshold parameter
D scale parameter > 0/

The parameter must be less than or equal to the minimum data value. You can speuwiith the
THETA= exponential-option. The default value for is 0. You can specify with the SIGMA=
exponential-option. By default, a maximum likelihood estimate is computed foFor example, the
following statements t an exponential distribution withD 10 and a maximum likelihood estimate
for

proc capability;
cdfplot / exponential(theta=10 |=2 color=green);
run;

The exponential curve is green and has a line type of 2.

The EXPONENTIAL option can appear only once in a CDFPLOT statement. See Table 5.10 for a list
of secondary options you can specify with the EXPONENTIAL option.

GAMMA< (gamma-options) >
displays a tted gamma distribution function on the cdf plot. The equation of the tted cdf is

( 0 for x
F.x/ D R 1
= & exp L— dt forx>
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where

D threshold parameter
D scale parameter > 0/
D shape parameter> 0/

The parameter for the gamma distribution must be less than the minimum data value. You can specify
with the THETA=gamma-option. The default value for is 0. In addition, the gamma distribution

has a shape parameteand a scale parameter You can specify these parameters with the ALPHA=

and SIGMA=gamma-options. By default, maximum likelihood estimates are computed fand .

For example, the following statements t a gamma distribution function with 4 and maximum

likelihood estimates for and :

proc capability;
cdfplot / gamma(theta=4);
run;

Note that the maximum likelihood estimate ofs calculated iteratively using the Newton-Raphson
approximation. Thgamma-options ALPHADELTA=, ALPHAINITIAL=, and MAXITER= control
the approximation.

The GAMMA option can appear only once in a CDFPLOT statement. See Table 5.10 for a list of
secondary options you can specify with the GAMMA option.

GUMBEL< (Gumbel-options) >
displays a tted Gumbel distribution (also known as Type 1 extreme value distribution) function on the
cdf plot. The equation of the tted cdf is

X =

Fx/ Dexp e

where

D location parameter
D scale parameter > 0/

You can specify known values forand with the MU= and SIGMA=Gumbel-options. By default,
maximum likelihood estimates are computed foand .

The GUMBEL option can appear only once in a CDFPLOT statement. See Table 5.10 for a list of
secondary options you can specify with the GUMBEL option.

IGAUSS< (iGauss-options) >
displays a tted inverse Gaussian distribution function on the cdf plot. The equation of the tted cdf is
(r _ ) (r_— )
Fx/D~ - 2 1 ce= " _ Xc1
X X
where”. [/ is the standard normal cumulative distribution function, and

D mean parameter > 0/
D shape parameter> 0/



Syntax: CDFPLOT Statement F 261

You can specify known values forand with the MU= and LAMBDA=iGauss-options. By default,
maximum likelihood estimates are computed foand .

The IGAUSS option can appear only once in a CDFPLOT statement. See Table 5.10 for a list of
secondary options you can specify with the IGAUSS option.

LAMBDA= value
speci es the shape parametefor distribution functions requested with the IGAUSS option. Enclose
the LAMBDA= option in parentheses after the IGAUSS distribution keyword. If you do not specify a
value for , the procedure calculates a maximum likelihood estimate.

LEGEND=name | NONE
speci es the name of a LEGEND statement describing the legend for speci cation limit reference lines
and superimposed distribution functions. Specifying LEGEND=NONE, which suppresses all legend
information, is equivalent to specifying the NOLEGEND option. This option is ignored unless you are
producing traditional graphics.

LOGNORMAL< (lognormal-options) >
displays a tted lognormal distribution function on the cdf plot. The equation of the tted cdf is

(

0 for x
F .X/ D ~ |Oglx /

forx >
where”. [/ is the standard normal cumulative distribution function, and

D threshold parameter
D scale parameter
D shape parameter> 0/

The parameter for the lognormal distribution must be less than the minimum data value. You can
specify with the THETA=lognormal-option. The default value for is 0. In addition, the lognormal
distribution has a shape parameteand a scale parameter You can specify these parameters with
the SIGMA= and ZETAdognormal-options. By default, maximum likelihood estimates are computed
for and . For example, the following statements t a lognormal distribution function with 10

and maximum likelihood estimates forand :

proc capability;
cdfplot / lognormal(theta = 10);
run;

The LOGNORMAL option can appear only once in a CDFPLOT statement. See Table 5.10 for a list
of secondary options you can specify with the LOGNORMAL option.

MU=value
speci es the parameter for distribution functions requested with the GUMBEL, IGAUSS, and
NORMAL options. Enclose the MU= option in parentheses after the distribution keyword. For the
normal and inverse Gaussian distributions, the default valueisthe sample mean. If you do not

specify a value for for the Gumbel distribution, the procedure calculates a maximum likelihood
estimate.
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NOCDFLEGEND
suppresses the legend for the superimposed theoretical cumulative distribution function.

NOECDF
suppresses the observed distribution function (the empirical cumulative distribution function) of the
variable, which is drawn by default. This option enables you to create theoretical cdf plots without
displaying the data distribution. The NOECDF option can be used only with a theoretical distribution
(such as the NORMAL option).

NOLEGEND

suppresses legends for speci cation limits, theoretical distribution functions, and hidden observations.
Specifying the NOLEGEND option is equivalent to specifying LEGEND=NONE.

NORMAL< (normal-options) >
displays a tted normal distribution function on the cdf plot. The equation of the tted cdf is

Fx D~ *— forl <x<1

where”. [/ is the standard normal cumulative distribution function, and

D mean
D standard deviation > 0/

You can specify known values forand with the MU= and SIGMA=normal-options, as shown in
the following statements:

proc capability;
cdfplot / normal(mu=14 sigma=.05);
run;

By default, the sample mean and sample standard deviation are calculatedrfdr . The NORMAL
option can appear only once in a CDFPLOT statement. For an example, see Output 5.4.1. See
Table 5.10 for a list of secondary options you can specify with the NORMAL option.

NOSPECLEGEND

NOSPECL
suppresses the portion of the legend for speci cation limit reference lines.

PARETO«< (Pareto-options) >

displays a tted generalized Pareto distribution function on the cdf plot. The equation of the tted cdf
is

1
Fxp1 1 X1

where

D threshold parameter
D scale parameter > 0/
D shape parameter
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The parameter for the generalized Pareto distribution must be less than the minimum data value.
You can specify with the THETA=Pareto-option. The default value for is 0. In addition, the
generalized Pareto distribution has a shape parameted a scale parameter You can specify
these parameters with the ALPHA= and SIGMRareto-options. By default, maximum likelihood
estimates are computed forand .

The PARETO option can appear only once in a CDFPLOT statement. See Table 5.10 for a list of
secondary options you can specify with the PARETO option.

POWER< (power-options) >
displays a tted power function distribution on the cdf plot. The equation of the tted cdf is

8
= 0 for x
Fx/ D. *— for <x< C
1 for x C

where

D lower threshold parameter (lower endpoint)
D scale parameter > 0/
D shape parameter> 0/

The power function distribution is bounded below by the parametard above by the valueC
You can specify and by using the THETA= and SIGMApower-options The default values for
and are 0 and 1, respectively.

You can specify a value for the shape parametewith the ALPHA=power-option If you do not
specify a value for , the procedure calculates a maximum likelihood estimate.

The power function distribution is a special case of the beta distribution with its second shape parameter,
D 1

The POWER option can appear only once in a CDFPLOT statement. See Table 5.10 for a list of
secondary options you can specify with the POWER option.

RAYLEIGH< (Rayleigh-options) >
displays a tted Rayleigh distribution function on the cdf plot. The equation of the tted cdfis

Fx/ D1 e /=27

where

D threshold parameter
D scale parameter > 0/

The parameter for the Rayleigh distribution must be less than the minimum data value. You can
specify with the THETA=Rayleigh-option. The default value for is 0. You can specify with the
SIGMA= Rayleigh-option. By default, a maximum likelihood estimate is computed for

The RAYLEIGH option can appear only once in a CDFPLOT statement. See Table 5.10 for a list of
secondary options you can specify with the RAYLEIGH option.
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SIGMA=value
speci es the parameter for distribution functions requested by the BETA, EXPONENTIAL,
GAMMA, GUMBEL, LOGNORMAL, NORMAL, PARETO, POWER, RAYLEIGH, and WEIBULL
options. Enclose the SIGMA= option in parentheses after the distribution keyword. The following
table summarizes the use of the SIGMA= option:

Distribution Option SIGMA= Species Default Value Alias
BETA scale parameter 1 SCALE=
POWER

EXPONENTIAL scale parameter  maximum likelihood estimate SCALE=
GAMMA

WEIBULL

GUMBEL scale parameter maximum likelihood estimate

PARETO

RAYLEIGH

LOGNORMAL shape parameter maximum likelihood estimate SHAPE=
NORMAL scale parameter standard deviation

SYMBOL="character'
speci es thecharacterused to plot the theoretical distribution function on legacy line printer plots.
Enclose the SYMBOL= option in parentheses after the distribution option. The default character
is the rst letter of the distribution option keyword. This option is ignored unless you specify the
LINEPRINTER option in the PROC CAPABILITY statement.

THETA=value

THRESHOLD=value
speci es the lower threshold parametefor theoretical cumulative distribution functions requested
with the BETA, EXPONENTIAL, GAMMA, LOGNORMAL, PARETO, POWER, RAYLEIGH, and
WEIBULL options. Enclose the THETA= option in parentheses after the distribution keyword. The
defaultvalueis 0.

VSCALE=PERCENT | PROPORTION
speci es the scale of the vertical axis. The value PERCENT scales the data in units of percent
of observations per data unit. The value PROPORTION scales the data in units of proportion of
observations per data unit. The defaultis PERCENT.

WEIBULL< (Weibull-options) >
displays a tted Weibull distribution function on the cdf plot. The equation of the tted cdf is

(

0 for x

F.x/ D c
X! 1 exp X for x >

where
D threshold parameter

D scale parameter > 0/
¢ D shape parametec > 0/
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The parameter must be less than the minimum data value. You can specifjth the THETA=
Weibull-option. The default value for is 0. In addition, the Weibull distribution has a shape parameter
c and a scale parameter You can specify these parameters with the SIGMA= and\&ibull-options.

By default, maximum likelihood estimates are computedcfand . For example, the following
statements t a Weibull distribution function with D 15and maximum likelihood estimates for
andc:

proc capability;
cdfplot / weibull(theta=15);
run;

Note that the maximum likelihood estimatemis calculated iteratively using the Newton-Raphson
approximation. Th&Veibull-options CDELTA=, CINITIAL=, and MAXITER= control the approxima-
tion.

The WEIBULL option can appear only once in a CDFPLOT statement. See Table 5.10 for a list of
secondary options you can specify with the WEIBULL option.

ZETA=value
speci es a value for the scale parametdpr a lognormal distribution function requested with the
LOGNORMAL option. Enclose the ZETA= option in parentheses after the LOGNORMAL keyword.
If you do not specify avalue for , a maximum likelihood estimate is computed. You can specify the
SCALE-= option as an alias for the ZETA= option.

Details: CDFPLOT Statement
ODS Graphics

Before you create ODS Graphics output, ODS Graphics must be enabled (for example, by using the ODS
GRAPHICS ON statement). For more information about enabling and disabling ODS Graphics, see the
section “Enabling and Disabling ODS Graphics” (ChapterAS/STAT User's Guijle

The appearance of a graph produced with ODS Graphics is determined by the style associated with the ODS
destination where the graph is produced. CDFPLOT options used to control the appearance of traditional
graphics are ignored for ODS Graphics output.

When ODS Graphics is in effect, the CDFPLOT statement assigns a name to the graph it creates. You can
use this name to reference the graph when using ODS. The name is listed in Table 5.12.

Table 5.12 ODS Graphics Produced by the CDFPLOT Statement

ODS Graph Name Plot Description

CDFPIot cumulative distribution function plot

See Chapter 3, “SAS/QC Graphics,” for more information about ODS Graphics and other methods for
producing charts.
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Examples: CDFPLOT Statement
This section illustrates how to display a tted distribution function, inset tables, and display reference lines
on your cdf plot.

Example 5.4: Fitting a Normal Distribution
NOTE: SeeCDF Plot with Superimposed Normal Curiethe SAS/QC Sample Library.

You can use the CDFPLOT statement to t any of eleven theoretical distributions (beta, exponential, gamma,
Gumbel, inverse Gaussian, lognormal, normal, generalized Pareto, power function, Rayleigh, and Weibull)
and superimpose them on the cdf plot. The following statements use the NORMAL option to display a tted
normal distribution function on a cdf plot of breaking strengths. The dataesdtis given in Figure 5.5, and

the plot is shown in Output 5.4.1.

titte Cumulative Distribution Function of Breaking Strength ;
proc capability data=Cord noprint;
spec Isl=6.8;
cdf Strength / normal
odstitle=title;
inset mean std pctlss / format = 5.2
header = "Summary Statistics";

run;
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Output 5.4.1 Superimposed Normal Distribution Function

The NORMAL option requests the tted curve. The INSET statement requests an inset containing the
mean, the standard deviation, and the percent of observations below the lower speci cation limit. For more
information about the INSET statement, see “INSET Statement: CAPABILITY Procedure” on page 380. The
SPEC statement requests a lower speci cation limit at 6.8. For more information about the SPEC statement,
see “SPEC Statement” on page 211.

The agreement between the empirical and the normal distribution functions in Output 5.4.1 is evidence that
the normal distribution is an appropriate model for the distribution of breaking strengths.

The CAPABILITY procedure provides a variety of other tools for assessing goodness of t. Goodness-of-
t tests (see “Printed Output” on page 343) provide a quantitative assessment of a proposed distribution.
Probability and Q-Q plots, created with the PROBPLOT (“PROBPLOT Statement: CAPABILITY Procedure”
on page 456), QQPLOT (“QQPLOT Statement: CAPABILITY Procedure” on page 488), and PPPLOT
(“PPPLOT Statement: CAPABILITY Procedure” on page 434) statements, provide effective graphical
diagnostics.
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Example 5.5: Using Reference Lines with CDF Plots
NOTE: SeeCDF Plot with Superimposed Normal Curirethe SAS/QC Sample Library.

Customer requirements dictate that the breaking strengths in the previous example have upper and lower
speci cation limits of 7.2 and 6.8 psi, respectively. Moreover, less than 5% of the cords can have breaking

strengths outside the limits.

The following statements create a cdf plot with reference lines at the 5% and 95% cumulative percent levels:

proc capability data=Cord noprint;
spec Is|=6.8 usl=7.2;

cdf Strength / vref =5 095
vreflabels = 5% 95%
odstitle = title;

inset pctgtr pctlss / format = 5.2

pos =e
header = "Summary Statistics";

run;
The INSET statement requests an inset with the percentages of measurements above the upper limit and below
the lower limit. For more information about the INSET statement, see “INSET Statement: CAPABILITY
Procedure” on page 380.

In Output 5.5.1, the empirical cdf is below the intersection between the lower speci cation limit line and the
5% line, so less than 5% of the measurements are below the lower limit. The ecdf, howalgrbslow the
intersection between the upper speci cation limit line and the 95% line, implyingtloatthan 5% of the
measurements are greater than the upper limit. Thus, the goal of having less than 5% of the measurements
above the upper speci cation limit has not been met.
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Output 5.5.1 Reference Lines with a Cumulative Distribution Function Plot

COMPHISTOGRAM Statement: CAPABILITY Procedure

Overview: COMPHISTOGRAM Statement

Comparative histograms are useful for comparing the distribution of a process variable across levels of
classi cation variables. You can use the COMPHISTOGRAM statement to create one-way and two-way
comparative histograms. When used with a single classi cation variable, the COMPHISTOGRAM statement
displays an array of component histograms (stacked or side-by-side), one for each level of the classi cation
variable. When used with two classi cation variables, the COMPHISTOGRAM statement displays a matrix
of component histograms, one for each combination of levels of the classi cation variables.
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In quality improvement applications, typical uses of comparative histograms include

comparing the capability of a process before and after an improvement
comparing process capabilities of two or more suppliers

exploring strati cation in process data due to different lots, machines, manufacturing methods, and so
forth

studying the evolution of process capability over successive time periods
You can use options in the COMPHISTOGRAM statement to

specify the midpoints or endpoints for histogram intervals

specify the number of rows and/or columns of component histograms
display speci cation limits on the component histograms

display density curves for tted normal distributions

display kernel density estimates

request graphical enhancements

inset summary statistics and process capability indices on the component histograms

You have two alternatives for producing comparative histograms with the COMPHISTOGRAM statement:

ODS Graphics output is produced if ODS Graphics is enabled, for example by specifying the ODS
GRAPHICS ON statement prior to the PROC statement.

Otherwise, traditional graphics are produced if SAS/GRARHicensed.

See Chapter 3, “SAS/QC Graphics,” for more information about producing these different kinds of graphs.
NOTE: You cannot use the COMPHISTOGRAM statement together with the CLASS statement.

Getting Started: COMPHISTOGRAM Statement

This section introduces the COMPHISTOGRAM statement with examples that illustrate commonly used
options. Complete syntax for the COMPHISTOGRAM statement is presented in the section “Syntax:
COMPHISTOGRAM Statement” on page 273, and advanced examples are given in the section “Examples:
COMPHISTOGRAM Statement” on page 289.
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Creating a One-Way Comparative Histogram
NoOTE: SeeComparative Histograms with Normal Curviesthe SAS/QC Sample Library.

The effective channel length (in microns) is measured for 1225 eld effect transistors. The channel lengths
are saved as values of the variabémgth in a SAS data set naméthannel:

data Channel,
length Lot $ 16;
input Length @@;
select;
when (_n_ <= 425) Lot= Lot
when (_n_ >= 926) Lot= Lot
otherwise Lot=Lot 2;
end;
datalines;
0.91 1.01 0.95 1.13 1.12 0.86 0.96 1.17 1.36 1.10
0.98 1.27 1.13 0.92 1.15 1.26 1.14 0.88 1.03 1.00
0.98 0.94 1.09 0.92 1.10 0.95 1.05 1.05 1.11 1.15
1.11 0.98 0.78 1.09 0.94 1.05 0.89 1.16 0.88 1.19
1.01 1.08 1.19 0.94 0.92 1.27 0.90 0.88 1.38 1.02

w -

. more lines ...

2.13 2.05 1.90 2.07 2.15 1.96 2.15 1.89 2.15 2.04
195 1.93 2.22 1.74 1.91

The data seChannel is also used in Example 5.12, where a kernel density estimate is superimposed on the
histogram of channel lengths. The display in Output 5.12.1 reveals that there are three distinct peaks in the
process distribution. To investigate whether these peaks (modes) in the histogram are related to the lot source,
you can create a comparative histogram that useas a classi cation variable. The following statements
create the comparative histogram shown in Figure 5.6:

titte "Comparative Analysis of Lot Source";
proc capability data=Channel noprint;
specs Isl = 0.8 usl = 2.0;

comphist Length / class = Lot
nrows =3
nlegend = Lot Size
nlegendpos = nw
odstitle = title;

label Lot = Transistor Source ;
run;

The COMPHISTOGRAM statement requests a comparative histogram for the process \lanafthe The
CLASS= option requests a component histogram for each level (distinct value) of the classi cation variable
Lot. The option NROWS=3 stacks the histograms three to a page. The NLEGEND= option adds a sample
size legend to each component histogram, and the option NLEGENDPOS=NW positions each legend in the
northwest corner. The SPEC statement provides the speci cation limits displayed as vertical reference lines.
See the section “Dictionary of Options” on page 279 for descriptions of these options, and see the section
“SPEC Statement” on page 211 for details of the SPEC statement.
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Figure 5.6 Comparison by Lot Source

Adding Fitted Normal Curves to a Comparative Histogram
NOTE: SeeComparative Histograms with Normal Curviesthe SAS/QC Sample Library.

In Figure 5.6, it appears that each lot produces transistors with channel lengths that are normally distributed.
The following statements use the NORMAL option to t a normal distribution to the data for each lot (the
observations corresponding to a speci ¢ level of the classi cation variable are referred toedls &he

normal parameters and are estimated from the data for each lot, and the curves are superimposed on
each component histogram.

titte "Comparative Analysis of Lot Source";
proc capability data=Channel noprint;
specs Isl = 0.8 usl = 2.0;
comphist Length / class = Lot
nrows =3
intertile = 1
odstitle = title
cprop
normal;
label Lot = Transistor Source ;
run;
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The comparative histogram is displayed in Figure 5.7.

Figure 5.7 Fitting Normal Curves

Specifying INTERTILE=1 inserts a space of one percent screen unit between the framed areas, which are
referred to agiles. The shaded bars, added with the CPROP= option, represent the relative frequency of
observations in each cell. See “Dictionary of Options” on page 279 for details concerning these options.

Syntax: COMPHISTOGRAM Statement
The syntax for the COMPHISTOGRAM statement is as follows:
COMPHISTOGRAM < variables >/ CLASS=(class-variables) <options > ;

You can specify the keyword COMPHIST as an alias for COMPHISTOGRAM. You can use any number of
COMPHISTOGRAM statements after a PROC CAPABILITY statement.

To create a comparative histogram, you must specify at leastarableand either one or twolass-variables
(also referred to aslassi cation variable3. The COMPHISTOGRAM statement displays a component

histogram of the values of thariablefor each level of thelass-variablesThe observations in a given level
are referred to aseell.
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The components of the COMPHISTOGRAM statement are described as follows:

variables
are the process variables for which comparative histograms are to be created. If you specify a VAR
statement, the variables must also be listed in the VAR statement. Otherwise, variables can be any
numeric variables in the input data set that are not also listethas-variableslIf you do not specify
variables in a COMPHISTOGRAM statement or a VAR statement, then by default a comparative
histogram is created for each numeric variable in the DATA= data set that is not used as a class-variable.
If you use a VAR statement and do not specify variables in the COMPHISTOGRAM statement, then
by default a comparative histogram is created for each variable listed in the VAR statement.

For example, suppose a data set nasgteel contains two process variables nanatyth andwidth,
a numeric classi cation variable naméat, and a character classi cation variable namiagl. The
following statements create two comparative histograms, orlerfgth and one fowidth:

proc capability data=steel;
comphist / class = lot;
run;

Likewise, the following statements create comparative histogranisrfgih andwidth:

proc capability data=steel;
var length width;
comphist / class = day;
run;

The following statements create three comparative histogramke(igth, width, andlot):

proc capability data=steel;
comphist / class = day;
run;

The following statements create a comparative histograrwfdth only:

proc capability data=steel;

var length width;

comphist width / class=lot;
run;

class-variables
are one or two required classi cation variables. For example, the following statements create a one-way
comparative histogram faridth by using the classi cation variablet:

proc capability data=steel;
comphist width / class=lot;
run;
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The following statements create a two-way comparative histogramididn classi ed bylot andday:

proc capability data=steel;
comphist width / class=(lot day);
run;

Note that the parentheses surroundingdlass-variablesre needed only if two classi cation variables
are speci ed. See Output 5.6.1 and Output 5.7.1 for further examples.

options
control the features of the comparative histogram. All options are speci ed after the slash (/) in the
COMPHIST statement. In the following example, the CLASS= option speci es the classi cation

variable, the NORMAL option ts a normal density curve in each cell, and the CTEXT= option
speci es the color of the text:

proc capability data=steel;
comphist length / class = lot
normal
ctext = yellow;
run;

Summary of Options

The following tables list the COMPHIST statement options by function. For complete descriptions, see
“Dictionary of Options” on page 279.

Distribution Options
Table 5.13 lists the options for requesting that a tted normal distribution or a kernel density estimate be

overlaid on the comparative histogram.

Table 5.13 Density Estimation Options

Option Description
KERNEL (kernel-options) ts kernel density estimates
NORMAL (normal-options) ts normal distribution with mean and

standard deviation

You can specify the secondary options listed in Table 5.14 in parentheses after the KERNEL option to control
features of kernel density estimates.
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Table 5.14 Kernel-Options

Option Description
C= speci es standardized bandwidth parametéwsr kernel den-
sity estimate

COLOR= speci es color of the kernel density curve

FILL lls area under kernel density curve
= speci es NORMAL, TRIANGULAR, or QUADRATIC kernel
= speci es line type used for kernel density curve

LOWER= speci es lower bound for kernel density curve

UPPER= speci es upper bound for kernel density curve

W=

speci es line width for kernel density curve

You can specify the secondary options listed in Table 5.15 in parentheses after the NORMAL option to
control features of tted normal distributions.

Table 5.15 Normal-Options

Option Description

COLOR= speci es color of normal curve

FILL lIs area under normal curve

L= speci es line type of normal curve

MU= speci es mean for tted normal curve

SIGMA= speci es standard deviationfor tted normal curve
W= speci es width of normal curve

For example, the following statements use the NORMAL option to t a normal curve in each cell of the

comparative histogram:

proc capability;

comphistogram / class = machine
normal(color=red 1=2);

run;

The COLOR=normal-optiondraws the curve in red, and the lormal-optionspeci es a line style of 2
(a dashed line) for the curve. In this example, maximum likelihood estimates are computed for the normal
parameters and for each cell because these parameters are not speci ed.

General Options

Table 5.16

General COMPHISTOGRAM Statement Options

Option

Description

Classi cation Options
CLASS=
CLASSKEY=
MISSING1

speci es classi cation variables

speci es key cell

requests that missing values of rst CLASS= variable be treated as
a level of that CLASS= variable
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Table 5.16 (continued)

Option Description

MISSING2 requests that missing values of second CLASS= variable be treated
as a level of that CLASS= variable

ORDER1= speci es display order for values of the rst CLASS= variable

ORDER2= speci es display order for values of the second CLASS= variable

Layout Options

BARLABEL= produces labels above histogram bars

BARWIDTH= speci es width for the bars

CLIPSPEC= clips histogram bars at speci cation limits if there are no observa-
tions beyond the limits

ENDPOINTS= labels interval endpoints and speci es how they are determined

HOFFSET= speci es offset for horizontal axis

INTERTILE= speci es distance between tiles

MAXNBIN= speci es maximum number of bins displayed

MAXSIGMAS= limits number of bins displayed to rangevdluestandard devia-
tions above and below mean of data in key cell

MIDPOINTS= speci es how midpoints are determined

NCOLS= speci es humber of columns in comparative histogram

NOBARS suppresses histogram bars

NOFRAME suppresses frame around plotting area

NOKEYMOVE suppresses rearrangement of cells that occurs by default with the
CLASSKEY= option

NOPLOT suppresses plot

NROWS= speci es number of rows in comparative histogram

RTINCLUDE includes right endpoint in interval

WBARLINE= speci es line thickness for bar outlines

Axis and Legend Options

GRID adds grid corresponding to vertical axis

LGRID= speci es line style for grid requested with GRID option

NLEGEND speci es form of the legend displayed inside tiles

NLEGENDPOS= speci es position of legend displayed inside tiles

NOHLABEL suppresses label for horizontal axis

NOVLABEL suppresses label for vertical axis

NOVTICK suppresses tick marks and tick mark labels for vertical axis

TILELEGLABEL=

TURNVLABELS
VAXIS=
VAXISLABEL=
VOFFSET=
VSCALE=
WAXIS=
WGRID=

speci es label displayed wherCTILE_ and_TILELG_ variables
are provided in the CLASSSPEC= data set
turns and strings out vertically characters in vertical axis labels
speci es tick mark values for vertical axis
speci es label for vertical axis
speci es length of offset at upper end of vertical axis
speci es scale for vertical axis
speci es line thickness for axes and frame
speci es line thickness for grid
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Table 5.16 (continued)

Option Description

Reference Line Options

FRONTREF draws reference lines in front of histogram bars

HREF= speci es reference lines perpendicular to horizontal axis

HREFLABELS= speci es labels for HREF= lines

HREFLABPOS= speci es vertical position of labels for HREF= lines

LHREF= speci es line style for HREF= lines

LVREF= speci es line style for VREF= lines

VREF= speci es reference lines perpendicular to vertical axis

VREFLABELS= speci es labels for VREF= lines

VREFLABPOS= speci es horizontal position of labels for VREF= lines

Text Enhancement Options

FONT= speci es software font for text

HEIGHT= speci es height of text used outside framed areas

INFONT= speci es software font for text inside framed areas

INHEIGHT= speci es height of text inside framed areas

Color and Pattern Options

CAXIS= speci es color for axis

CBARLINE= speci es color for outline of the bars

CFILL= speci es color for Iling bars

CFRAME= speci es color for frame

CFRAMENLEG= speci es the color for the frame requested by the NLEGEND option

CFRAMESIDE= speci es color for lling frame for row labels

CFRAMETOP= speci es color for lling frame for column labels

CGRID= speci es color for grid lines

CHREF= speci es color for HREF= lines

CPROP= speci es color for proportion of frequency bar

CTEXT= speci es color for text

CTEXTSIDE= speci es color for row labels

CTEXTTOP= speci es color for column labels

CVREF= speci es color for VREF= lines

PFILL= speci es pattern used to Il bars

Input and Output Data Set Options

ANNOKEY applies annotation requested in ANNOTATE= data set to key cell
only

ANNOTATE= annotate data set

CLASSSPEC= data set with speci cation limit information for each cell

OUTHISTOGRAM= information on histogram intervals

Graphics Catalog Options

DESCRIPTION= speci es description for graphics catalog member

NAME= speci es name for plot in graphics catalog
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Dictionary of Options

The following sections describe in detail the options speci ¢ to the COMPHISTOGRAM statement. See
“Dictionary of Common Options: CAPABILITY Procedure” on page 529 for detailed descriptions of options
common to all the plot statements.

General Options

You can specify the following options whether you are producing ODS Graphics output or traditional
graphics:

BARLABEL=COUNT | PERCENT | PROPORTION
displays labels above the histogram bars. If you specify BARLABEL=COUNT, the label shows the
number of observations associated with a given bar. BARLABEL=PERCENT shows the percent of
observations represented by that bar. If you specify BARLABEL=PROPORTION, the label displays
the proportion of observations associated with the bar.

C=value-list | MISE
speci es the standardized bandwidth parametéor kernel density estimates requested with the
KERNEL option. You can specify up to vealuesto display multiple estimates in each cell. You can
also specify the keyword MISE to request the bandwidth parameter that minimizes the estimated mean
integrated square error (MISE). For example, consider the following statements (for more information,
see “Kernel Density Estimates” on page 342):

proc capability;
comphist length / class=batch kernel(lc = 0.5 1.0 mise);
run;

The KERNEL option displays three density estimates. The rst two have standardized bandwidths
of 0.5 and 1.0, respectively. The third has a bandwidth parameter that minimizes the MISE. You can
also use the C= and K= options (K= speci es kernel type) to display multiple estimates. For example,
consider the following statements:

proc capability;
comphist length / class = batch
kernel(lc = 0.75 k = normal triangular);
run;

Here two estimates are displayed. The rst uses a normal kernel and bandwidth parameter of 0.75, and
the second uses a triangular kernel and a bandwidth parameter of 0.75. In general, if more kernel types
are speci ed than bandwidth parameters, the last bandwidth parameter in the list will be repeated for

the remaining estimates. Likewise, if more bandwidth parameters are speci ed than kernel types, the

last kernel type will be repeated for the remaining estimates. The default is MISE.

CLASS=variable

CLASS=(variablel variable2)

speci es that a comparative histogram is to be created using the levels\odrilables(also referred to
asclass-variablesr classi cation variable$.

If you specify a singlevariable, a one-way comparative histogram is created. The observations in
the input data set are sorted by the formatted values (levels) of the variable. A separate histogram is
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created for the process variable values in each level, and these component histograms are arranged in
an array to form the comparative histogram. Uniform horizontal and vertical axes are used to facilitate
comparisons. For an example, see Figure 5.6.

If you specify twoclassi cation variables a two-way comparative histogram is created. The obser-
vations in the input data set are cross-classi ed according to the values (levels) of these variables. A
separate histogram is created for the process variable values in each cell of the cross-classi cation, and
these component histograms are arranged in a matrix to form the comparative histogram. The levels
of variablel are used to label the rows of the matrix, and the levelsoifible2are used to label the
columns of the matrix. Uniform horizontal and vertical axes are used to facilitate comparisons. For an
example, see Output 5.7.1.

Classi cation variables can be numeric or character. Formatted values are used to determine the levels.
You can specify whether missing values are to be treated as a level with the MISSING1 and MISSING2
options.

If a label is associated with a classi cation variable, the label is displayed on the comparative histogram.
The variable label is displayed parallel to the column (or row) labels. For an example, see Figure 5.6.

CLASSKEY="value'

CLASSKEY=("valuel' “value2')
speci es thekey cellin a comparative histogram requested with the CLASS= option. The bin size and
midpoints are rst determined for the key cell, and then the midpoint list is extended to accommodate
the data ranges for the remaining cells. Thus, the choice of the key cell determines the uniform
horizontal axis used for all cells.

If you specify CLASSwariable, you can specify CLASSKEYwalue' to identify the key cell as the

level for whichvariable is equal tovalue You must specify a formattechlue By default, the levels

are sorted in the order determined by the ORDER1= option, and the key cell is the level that occurs
rst in this order. The cells are displayed in this order from top to bottom (or left to right), and,
consequently, the key cell is displayed at the top or at the left. If you specify a different key cell with
the CLASSKEY= option, this cell is displayed at the top or at the left unless you also specify the
NOKEYMOVE option.

If you specify CLASS=ariablel variable2, you can specify CLASSKEY=2faluel' 'value2') to
identify the key cell as the level for whickhariablelis equal tovaluelandvariable2is equal to
value2 Here,valuelandvalue2must be formatted values, and they must be enclosed in quotes. For
an example of the CLASSKEY= option with a two-way comparative histogram, see Output 5.7.1. By
default, the levels ofariablelare sorted in the order determined by the ORDER1= option, and within
each of these levels, the levelswariable2are sorted in the order determined by the ORDER2= option.
The default key cell is the combination of levelswairiablelandvariable2that occurs rstin this
order. The cells are displayed in ordenafriable 1from top to bottom and in order afariable2from

left to right. Consequently, the default key cell is displayed in the upper left corner. If you specify a
different key cell with the CLASSKEY= option, this cell is displayed in the upper left corner unless
you also specify the NOKEYMOVE option.

CLASSSPEC=SAS-data-set
CLASSSPECS=SAS-data-set
speci es a data set that provides distinct speci cation limits for each cell, as well as a color, legend,

and label for the corresponding tile. The following table lists the variables that are read from a
CLASSSPEC= data set:
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Variable Name Description

BY variables subsets the data set

Classi cation variables speci es the structure of the comparative histogram

_VAR_ speci es name of process variable (must be character
variable of length 8)

_LSL_ speci es lower speci cation limit for tile

_TARGET_ speci es target value for tile

_USL_ speci es upper speci cation limit for tile

_CTILE_ speci es background color for tiles (must be character
variable of length 8)

_TILELG_ speci es text displayed in color tile legend at bottom

of comparative histogram (character variable of length
not greater than 16)

_TILELB_ speci es text displayed in corner of each tile (character
variable of length not greater than 16)

If you specify a CLASSSPEC= data set, you cannot use the SPEC statement or a SPEC= data set. If
you use a BY statement, the CLASSSPEC= data set must contain one observation for each unique
combination of process and classi cation variables within each BY group. See Example 5.6 for an
example of a CLASSSPEC= data set.

Also note that

you can suppress the background color for a tile by assigning the value "TEMPTY' or a blank
value to the variable CTILE _

you can use the NLEGENDPOS= option to specify the corner of the tile in which the TILELB
label is displayed. You can frame the label with the CFRAMENLEG= option.

you cannot use the variable TILELG__ unless you specify the variable CTILE
the variable _TILELB takes precedence over the NLEGEND option

ENDPOINTS=value-list | KEY | UNIFORM
speci es that histogram interval endpoints, rather than midpoints, are aligned with horizontal axis tick
marks, and speci es how the endpoints are determined. The method you specify is used for all process
variables analyzed with the COMPHISTOGRAM statement.

If you specify ENDPOINTSwalue-list thevaluesmust be listed in increasing order and must be
evenly spaced. The difference between consecutive endpoints is used as the width of the histogram
bars. The rst value is the lower bound of the rst histogram bin and the last value is the upper bound
of the last bin. Thus, the number of values in the list is one greater than the number of bins it speci es.
If the range of theraluesdoes not cover the range of the data as well as any speci cation limits (LSL
and USL) that are given, the list is extended in either direction as necessary.

If you specify ENDPOINTS=KEY, the procedure rst determines the endpoints for the data in the
key cell. The initial number of endpoints is based on the number of observations in the key cell by
using the method of Terrell and Scott (1985). The endpoint list for the key cell is then extended in
either direction as necessary until it spans the data in the remaining cells. If the key cell contains no
observations, the method of determining bins reverts to ENDPOINTS=UNIFORM.
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If you specify ENDPOINTS=UNIFORM, the procedure determines the endpoints by using all the
observations as if there were no cells. In other words, the number of endpoints is computed from the
total sample size by using the method of Terrell and Scott (1985).

FILL
lls areas under a tted density curve with colors and patterns. Enclose the FILL option in parentheses
after the keyword NORMAL or KERNEL. Depending on the area to be lled (outside or between the

speci cation limits), you can specify the color and pattern with options in the SPEC statement and the
COMPHISTOGRAM statement, as summarized in the following table:

Area Under Curve  Statement Option

between speci cation COMPHIST CFlLLsolor

limits COMPHIST PFILL=pattern
left of lower SPEC CLEFT=olor
speci cation limit SPEC PLEFTpattern
right of upper SPEC CRIGHTeolor
speci cation limit SPEC PRIGHTpattern

If you do not display speci cation limits, you can use the CFILL= and PFILL= options to specify
the color and pattern for the entire area under the curve. Solid lls are used by default if patterns
are not speci ed. You can specify the FILL option with only one tted curve. For an example, see
Output 5.6.1. Refer t8AS/GRAPH: Referender a list of available patterns and colors. If you do not

specify the FILL option but you do specify the options in the preceding table, the colors and patterns
are applied to the corresponding areas under the histogram.

GRID

adds a grid to the comparative histogram. Grid lines are horizontal lines positioned at major tick marks
on the vertical axis.

INTERTILE=value

speci es the distance in horizontal percent screen units between tiles. For an example, see Figure 5.7.
By default, the tiles are contiguous.

K=NORMAL | TRIANGULAR | QUADRATIC
speci es the type of kernel (normal, triangular, or quadratic) used to compute kernel density estimates
requested with the KERNEL option. Enclose the K= option in parentheses after the keyword KERNEL.

You can specify a single type or a list of types. If you specify more estimates than types, the last kernel
type in the list is used for the remaining estimates. By default, a normal kernel is used.

KERNEL< ( kernel-options )>

requests a kernel density estimate for each cell of the comparative histogram. You can specify the
kernel-optiongdescribed in the following table:
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Option Description

FILL speci es that the area under the curve is to be lled
COLOR= speci es the color of the curve
= speci es the line style for the curve
W= speci es the width of the curve
= speci es the type of kernel
= speci es the smoothing parameter
LOWER= speci es the lower bound for the curve
UPPER=  speci es the upper bound for the curve

See Output 5.6.1 for an example. By default, the estimate is based on the AMISE method. For more
information, see “Kernel Density Estimates” on page 342.

LOWER=value
speci es the lower bound for a kernel density estimate curve. Enclose the LOWER= option in
parentheses after the KERNEL option. You can specify a single lower bound or a list of lower bounds.
By default, a kernel density estimate curve has no lower bound.

MAXNBIN=n
speci es the maximum number of bins to be displayed. This option is useful in situations where the
scales or ranges of the data distributions differ greatly from cell to cell. By default, the bin size and
midpoints are determined for the key cell, and then the midpoint list is extended to accommodate the
data ranges for the remaining cells. However, if the cell scales differ considerably, the resulting number
of bins may be so great that each cell histogram is scaled into a narrow region. By limiting the number
of bins with the MAXNBIN= option, you can narrow the window about the data distribution in the key
cell. Note that the MAXNBIN= option provides an alternative to the MAXSIGMAS= option.

MAXSIGMAS=value
limits the number of bins to be displayed to a rangeatiestandard deviations (of the data in the key
cell) above and below the mean of the data in the key cell. This option is useful in situations where the
scales or ranges of the data distributions differ greatly from cell to cell. By default, the bin size and
midpoints are determined for the key cell, and then the midpoint list is extended to accommodate the
data ranges for the remaining cells. If the cell scales differ considerably, however, the resulting number
of bins may be so great that each cell histogram is scaled into a narrow region. By limiting the number
of bins with the MAXSIGMAS= option, you narrow the window about the data distribution in the key
cell. Note that the MAXSIGMAS= option provides an alternative to the MAXNBIN= option.

MIDPOINTS=value-list | KEY | UNIFORM
speci es how midpoints are determined for the bins in the comparative histogram. The method you
specify is used for all process variables analyzed with the COMPHISTOGRAM statement.

If you specify MIDPOINTS=value-list the valuesmust be listed in increasing order and must be
evenly spaced. The difference between consecutive midpoints is used as the width of the histogram
bars. If the range of thealuesdoes not cover the range of the data as well as any speci cation limits
(LSL and USL) that are given, the list is extended in either direction as necessary. See Example 5.6 for
an illustration.

If you specify MIDPOINTS=KEY, the procedure rst determines the midpoints for the data in the key
cell. The initial number of midpoints is based on the number of observations in the key cell by using
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the method of Terrell and Scott (1985). The midpoint list for the key cell is then extended in either
direction as necessary until it spans the data in the remaining cells.

If you specify MIDPOINTS=UNIFORM, the procedure determines the midpoints using all the obser-
vations as if there were no cells. In other words, the number of midpoints is computed from the total
sample size by using the method of Terrell and Scott (1985).

By default, MIDPOINTS=KEY. However, if the key cell contains no observations, the default is
MIDPOINTS=UNIFORM.

MISSING1
speci es that missing values of the rst CLASS= variable are to be treated as a level of the CLASS=
variable. If the rst CLASS= variable is a character variable, a missing value is de ned as a blank
internal (unformatted) value. If the process variable is numeric, a missing value is de ned as any of
the SAS System missing values. If you do not specify MISSING1, observations for which the rst
CLASS= variable is missing are excluded from the analysis.

MISSING2
speci es that missing values of the second CLASS= variable are to be treated as a level of the CLASS=
variable. If the second CLASS= variable is a character variable, a missing value is de ned as a blank
internal (unformatted) value. If the process variable is numeric, a missing value is de ned as any of
the SAS System missing values. If you do not specify MISSING2, observations for which the second
CLASS= variable is missing are excluded from the analysis.

MU=value
speci es the parameter for the normal density curves requested with the NORMAL option. Enclose

the MU= option in parentheses after the NORMAL option. The default value is the sample mean of
the observations in the cell.

NOBARS
suppresses the display of the bars in a comparative histogram.

NOCHART
suppresses the creation of a comparative histogram. This is an alias for NOPLOT.

NOKEYMOVE

suppresses the rearrangement of cells that occurs by default when you use the CLASSKEY= option to
specify the key cell. For details, see the entry for the CLASSKEY= option.

NOPLOT
suppresses the creation of a comparative histogram. This option is useful when you are using the
COMPHISTOGRAM statement solely to create an output data set.

NORMAL< (normal-options )>
displays a normal density curve for each cell of the comparative histogram. The equation of the normal
density curve is

px/ D —#=exp 3.X—/2 forl <x<1

where
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D mean

D standard deviation > 0/
h D width of histogram interval
v D vertical scaling factor
and

< n  the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

If you specify values for and with the MU= and SIGMA=normal-optionsthe same curve is
displayed for each cell. By default, a distinct curve is displayed for each cell based on the sample mean
and standard deviation for that cell. For example, the following statements display a distinct curve for
each level of the variablBupplier:

proc capability noprint;
comphist width / class=supplier normal(color=red [=2);
run;

The curves are drawn in red with a line style of 2 (a dashed line). See Figure 5.7 for another illustration.
Table 5.15 lists options that can be speci ed in parentheses after the NORMAL option.

ORDER1=INTERNAL | FORMATTED | DATA | FREQ
speci es the display order for the values of the rst CLASS= variable.

The levels of the rst CLASS= variable are always constructed usinddimattedvalues of the vari-

able, and the formatted values are always used to label the rows (columns) of a comparative histogram.
You can use the ORDER1= option to determine the order of the rows (columns) corresponding to these
values, as follows:

If you specify ORDER1=INTERNAL, the rows (columns) are displayed from top to bottom
(left to right) in increasing order of the internal (unformatted) values of the rst CLASS= variable.
If there are two or more distinct internal values with the same formatted value, then the order is
determined by the internal value that occurs rst in the input data set.

For example, suppose that you specify a numeric CLASS= variable @&dlefvith values 1, 2,

and 3). Suppose also that a format (created with the FORMAT procedure) is associatBdywith
and that the formatted values are as follows: 1 ='Wednesday', 2 = 'Thursday’, and 3 = 'Friday'.
If you specify ORDER1=INTERNAL, the rows of the comparative histogram will appear in
day-of-the-week ordeMfednesdayl hursday Friday) from top to bottom.

If you specify ORDER1=FORMATTED, the rows (columns) are displayed from top to bottom
(left to right) in increasing order of the formatted values of the rst CLASS= variable. In
the preceding illustration, if you specify ORDER1=FORMATTED, the rows will appear in
alphabetical orderRriday, Thursday Wednesdayfrom top to bottom.

If you specify ORDER1=DATA, the rows (columns) are displayed from top to bottom (left to
right) in the order in which the values of the rst CLASS= variable rst appear in the input data
set.

If you specify ORDER1=FREQ, the rows (columns) are displayed from top to bottom (left to
right) in order ofdecreasindrequency count. If two or more classes have the same frequency
count, the order is determined by the formatted values.

By default, ORDER1=INTERNAL.
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ORDER2=INTERNAL | FORMATTED | DATA | FREQ
speci es the display order for the values of the second CLASS= variable.

The levels of the second CLASS= variable are always constructed usifaythattedvalues of the
variable, and the formatted values are always used to label the columns of a two-way comparative
histogram. You can use the ORDER2= option to determine the order of the columns.

The layout of a two-way comparative histogram is determined by using the ORDER1= option to obtain
the order of the rows from top to bottom (recall that ORDER1=INTERNAL by default). Then the
ORDER2= option is applied to the observations corresponding to the rstrow to obtain the order of the
columns from left to right. If any columns remain unordered (that is, the categoriesibbatancedl,

the ORDER2= option is applied to the observations in the second row, and so on, until all the columns
have been ordered.

The values of the ORDER2= option are interpreted as described for the ORDER1= option. By default,
ORDER2=INTERNAL.

OUTHISTOGRAM=SAS-data-set
creates a SAS data set that saves the midpoints or endpoints of the histogram intervals, the observed
percent of observations in each interval, and (optionally) the percent of observations in each interval
estimated from a tted normal distribution. By default, interval midpoint values are saved in the
variable _MIDPT . If the ENDPOINTS= option is speci ed, intervals are identi ed by endpoint
values instead. If RTINCLUDE is speci ed, the _MAXPT__ variable contains upper endpoint values.
Otherwise, lower endpoint values are saved in the _MINPT _ variable.

RTINCLUDE
includes the right endpoint of each histogram interval in that interval. The left endpoint is included by
default.

SIGMA=value
speci es the parameter for normal density curves requested with the NORMAL option. Enclose the
SIGMA= option in parentheses after the NORMAL option. The default value is the sample standard
deviation of the observations in the cell.

UPPER=value
speci es the upper bound for a kernel density estimate curve. Enclose the UPPER= option in paren-
theses after the KERNEL option. You can specify a single upper bound or a list of upper bounds. By
default, a kernel density estimate curve has no upper bound.

VSCALE=PERCENT | COUNT | PROPORTION
speci es the scale of the vertical axis. The value COUNT scales the data in units of the number of
observations per data unit. The value PERCENT scales the data in units of percent of observations per
data unit. The value PROPORTION scales the data in units of proportion of observations per data unit.
The default is PERCENT.
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Options for Traditional Graphics
You can specify the following options if you are producing traditional graphics:

BARWIDTH=value
speci es the width of the histogram bars in screen percent units.

CBARLINE=color
speci es the color of the outline of the histogram bars. This option overrides the C= option in the
SYMBOL1 statement.

CFILL=color
speci es a color used to Il the bars of the histograms (or the areas under a tted curve if you also
specify the FILL option). See the entry for the FILL option for additional details. See Output 5.6.1 and
Example 5.7 for examples. Refer$\S/GRAPH: Referenéer a list of colors. By default, bars and
curve areas are not lled.

CFRAMENLEG=color | EMPTY

CFRAMENLEG
speci es that the legend requested with the NLEGEND option (or the variable _TILELB_in a
CLASSSPEC= data set) is to be framed and that the frame is to be lled with the color indicated. If
you specify CFRAMENLEG=EMPTY, a frame is drawn but not lled with a color.

CGRID=color
speci es the color for grid lines requested with the GRID option. By default, grid lines are the same
color as the axes. If you use CGRID=, you do not need to specify the GRID option.

CLIPSPEC=CLIP | NOFILL
speci es that histogram bars are clipped at the upper and lower speci cation limit lines when there are
no observations outside the speci cation limits. The bar intersecting the lower speci cation limit is
clipped if there are no observations less than the lower limit; the bar intersecting the upper speci cation
limit is clipped if there are no observations greater than the upper limit. If you specify CLIPSPEC=CLIP,
the histogram bar is truncated at the speci cation limit. If you specify CLIPSPEC=NOFILL, the portion
of a lled histogram bar outside the speci cation limit is left un lled. Specifying CLIPSPEC=NOFILL
when histogram bars are not lled has no effect.

FRONTREF
draws reference lines requested with the HREF= and VREF= options in front of the histogram bars.
By default, reference lines are drawn behind the histogram bars and can be obscured by them.

HOFFSET=value
speci es the offset in percent screen units at both ends of the horizontal axis. Specify HOFFSET=0 to
eliminate the default offset.

LGRID=n
speci es the line type for the grid requested with the GRID option. If you use the LGRID= option, you
do not need to specify the GRID option. The default is 1, which produces a solid line.
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NLEGEND< ='label' >
speci es the form of a legend that is displayed inside each tile and indicates the sample size of the cell.
The following two forms are available:

If you specify the NLEGEND option, the form ¥ D n wheren is the cell sample size.

If you specify the NLEGEND<abel option, the form islabel = n wheren is the cell sample
size. The label can be up to 16 characters and must be enclosed in quotes. For instance, you
might specify NLEGEND="Number of Parts' to request a label of the fdtomber of Parts= n.

See Figure 5.6 for an example. You can use the CFRAMENLEG= option to frame the sample size
legend. The variable _TILELB_ in a CLASSSPEC-= data set overrides the NLEGEND option. By
default, no legend is displayed.

NLEGENDPOS=NW | NE
speci es the position of the legend requested with the NLEGEND option or the variable _TILELB_in
a CLASSSPEC= data set. If NLEGENDPOS=NW, the legend is displayed in the northwest corner
of the tile; if NLEGENDPOS=NE, the legend is displayed in the northeast corner of the tile. See
Figure 5.6 for an illustration. The default is NE.

PFILL=pattern
speci es a pattern used to Il the bars of the histograms (or the areas under a tted curve if you also
specify the FILL option). See the entries for the CFILL= and FILL options for additional details. Refer
to SAS/GRAPH: Referenéer a list of pattern values. By default, the bars and curve areas are not
lled.

TILELEGLABEL= 'label
speci es a label displayed to the left of the legend that is created when you provide CTILE and
_TILELG_ variables in a CLASSSPEC= data set. Tddmel can be up to 16 characters and must be
enclosed in quotes. The defalabelis Tiles..

VOFFSET=value
speci es the offset in percent screen units at the upper end of the vertical axis.

WBARLINE=n
speci es the width of bar outlines. By defautt= 1.

WGRID=n
speci es the width of the grid lines requested with the GRID option. By default, grid lines are the
same width as the axes. If you use the WGRID= option, you do not need to specify the GRID option.

Details: COMPHISTOGRAM Statement

ODS Graphics

Before you create ODS Graphics output, ODS Graphics must be enabled (for example, by using the ODS
GRAPHICS ON statement). For more information about enabling and disabling ODS Graphics, see the
section “Enabling and Disabling ODS Graphics” (ChapterQAS/STAT User's Guijle



Examples: COMPHISTOGRAM Statement F 289

The appearance of a graph produced with ODS Graphics is determined by the style associated with the ODS
destination where the graph is produced. COMPHISTOGRAM options used to control the appearance of
traditional graphics are ignored for ODS Graphics output.

When ODS Graphics is in effect, the COMPHISTOGRAM statement assigns a name to the graph it creates.
You can use this name to reference the graph when using ODS. The name is listed in Table 5.17.

Table 5.17 ODS Graphics Produced by the COMPHISTOGRAM Statement

ODS Graph Name Plot Description

Histogram comparative histogram

See Chapter 3, “SAS/QC Graphics,” for more information about ODS Graphics and other methods for
producing charts.

Examples: COMPHISTOGRAM Statement

This section provides advanced examples of comparative histograms.

Example 5.6: Adding Insets with Descriptive Statistics
NOTE: SeeMachine Study with Comparative Histogramthe SAS/QC Sample Library.

Three similar machines are used to attach a part to an assembly. One hundred assemblies are sampled from
the output of each machine, and a part position is measured in millimeters. The following statements save the
measurements in a SAS data set namadhines:

data Machines;
input position @@;
label position= Position in Millimeters ;

if (_n_ <= 100) then Machine = Machine 1;
else if (_n_ <= 200) then Machine = Machine 2;
else Machine = Machine 3;
datalines;

-0.17 -0.19 -0.24 -0.24 -0.12 0.07 -0.61 0.22 1.91 -0.08
-0.59 005 -0.38 082 -014 032 012 -002 026 0.19
-0.07 013 -049 007 065 094 -051 -0.61 -0.57 -0.51
001 -051 0.07 -0.16 -0.32 -0.42 -042 -0.34 -0.34 -0.35
-049 011 -042 076 0.02 -059 -0.28 1.12 -0.02 -0.60
-0.64 013 -0.32 -0.77 -0.02 -0.07 -0.49 -053 -022 061
-0.23 002 053 023 -044 -005 037 -042 0.70 -0.35

. more lines ...
0.58 0.46 0.58 0.92 0.70 0.81 0.07 0.33 0.82 0.62

048 041 078 058 043 0.07 027 049 079 092
079 066 022 071 053 057 090 0.48 1.17 1.03
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Distinct speci cation limits for the three machines are provided in a data set ngpeelims.

data speclims;
input Machine $9. _Isl_ _usl_;
_var_ = position ;
datalines;

Machine 1 -0.5 0.5

Machine 2 0.0 1.0

Machine 3 0.0 1.0

The following statements create a comparative histogram for the measuremiatsines that displays the
speci cation limits inspeclims.

proc capability data=Machines noprint;
spec cleft cright;

comphist position / class = Machine
nrows =3
intertile =1
midpoints = -1.2 to 2.2 by 0.1
kernel(fill)

classspecs = speclims;
inset mean std="Std Dev" / pos = ne format = 6.3;
run;

The display is shown in Output 5.6.1.
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Output 5.6.1 Comparative Histogram

The INSET statement is used to inset the sample mean and standard deviation for each machine in the
corresponding tile. The MIDPOINTS= option speci es the midpoints of the histogram bins. Kernel density
estimates are displayed using the KERNEL option. The curve areas outside the speci cation limits are lled
using the CLEFT and CRIGHT options in the SPEC statement, and the area between the limits is lled using
the CFILL= option in COMPHISTOGRAM statement.

Example 5.7: Creating a Two-Way Comparative Histogram
NOTE: SeeTwo-Way Comparative Histograim the SAS/QC Sample Library.

Two suppliers (A and B) provide disk drives for a computer manufacturer. The manufacturer measures the
disk drive opening width to compare the process capabilities of the suppliers and determine whether there
has been an improvement from 1992 to 1993.

The following statements save the measurements in a data set masked here are two classi cation
variables Supplier andYear, and a format is associated withar.
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proc format ;
value mytime 1 1992

2 = 1993 ;

data disk;
input @1 supplier $10. year width;
label width = Opening Width (inches);
format year mytime.;
datalines;

Supplier A 1 1.8932

Supplier A 1 1.8952

Supplier 1.8980

B 1
Supplier B 1 1.8986
Supplier A 2 1.8978
Supplier A 2 1.8966
Supplier B 2 1.8967

Supplier B 2 1.8997

The following statements create the comparative histogram in Output 5.7.1:

* Define a format for time periods;
proc format ;
value mytime

1 = 1992
2 = 1993
3 = Target for 1994

* Simulate the data;
data Disk;
keep Supplier Year Width;
length Supplier $ 16;
label Width = Opening Width (inches);
format Year mytime. ;

Year = 1,

Supplier = Supplier A;
avg = 1.895 ;
std = 0.0027 ;

do i =1 to 260;
Width = avg + std  * rannor(15535); output;

end;

Supplier = Supplier B;
avg = 1.8983 ;
std = 0.0024 ;

do i =1 to 260;
Width = avg + std  * rannor(15535); output;

end;

Year = 2;

Supplier = Supplier A;
avg = 1.8970 ;
std = 0.0013 ;

do i = 1 to 260;



Width = avg + std

end;

Supplier = Supplier B;

avg = 1.8980 ;

std = 0.0013 ;

do i =1 to 260;
Width = avg + std

end;

run;

title "Results of Supplier Training
proc capability data=Disk noprint;
specs Isl = 1.8925
usl = 1.9027;
comphist Width / class
classkey
intertile
vaxis
ncols
nrows
odstitle

inset cpk (4.2) / noframe pos

run;

Example 5.7: Creating a Two-Way Comparative Histogram F 293

* rannor(15535); output;

* rannor(15535); output;

Program"”;

( Supplier Year )
= (Supplier A 1993)
1.0
= 0 10 20 30
=2
=2
title;
n;

Output 5.7.1 Two-Way Comparative Histogram
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The CLASSKEY= option speci es the key cell as the observations for whigplier is equal to 'SUPPLIER

A and Year is equal to 2. This cell determines the binning for the other cells, and (because the NOKEYMOVE
option is not speci ed) the columns are interchanged so that this cell is displayed in the upper left corner.
Note that if the CLASSKEY= option were not speci ed, the default key cell would be the observations
for which Supplier is equal to "'SUPPLIER A andlear is equal to 1. If the CLASSKEY= option were not
speci ed (or if the NOKEYMOVE option were speci ed), the column labetEaB2would be displayed to

the left of the column labeleti993 See the entry for the CLASSKEY= option on page 280 for details.

The VAXIS= option speci es the tick mark labels for the vertical axis, while NROWS=2 and NCOLS=2
specify a2 2 arrangement for the tiles. The INSET statement is used to display the capabilityGpdex
for each cell. Output 5.7.1 provides evidence that both suppliers have reduced variability from 1992 to 1993.

HISTOGRAM Statement: CAPABILITY Procedure

Overview: HISTOGRAM Statement

Histograms are typically used in process capability analysis to compare the distribution of measurements
from an in-control process with its speci cation limits. In addition to creating histograms, you can use the
HISTOGRAM statement to do the following:

specify the midpoints or endpoints for histogram intervals

display speci cation limits on histograms

display density curves for tted theoretical distributions on histograms

request goodness-of- t tests for tted distributions

display kernel density estimates on histograms

inset summary statistics and process capability indices on histograms

save histogram intervals and parameters of tted distributions in output data sets

create hanging histograms

request graphical enhancements

create comparative histograms by using the HISTOGRAM statement together with a CLASS statement

You have three alternatives for producing histograms with the HISTOGRAM statement:

ODS Graphics output is produced if ODS Graphics is enabled, for example by specifying the ODS
GRAPHICS ON statement prior to the PROC statement.

Otherwise, traditional graphics are produced by default if SAS/GRARHicensed.
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Legacy line printer charts are produced when you specify the LINEPRINTER option in the PROC
statement.

See Chapter 3, “SAS/QC Graphics,” for more information about producing these different kinds of graphs.

Getting Started: HISTOGRAM Statement

This section introduces the HISTOGRAM statement with examples that illustrate commonly used options.
Complete syntax for the HISTOGRAM statement is presented in the section “Syntax: HISTOGRAM
Statement” on page 300, and advanced examples are given in the section “Examples: HISTOGRAM
Statement” on page 358.

Creating a Histogram with Speci cation Limits
NOTE: SeeHistogram with Fitted Normal Curvim the SAS/QC Sample Library.

A semiconductor manufacturer produces printed circuit boards that are sampled to determine whether
the thickness of their copper plating lies between a lower speci cation limit of 3.45 mils and an upper
speci cation limit of 3.55 mils. The plating process is assumed to be in statistical control. The plating
thicknesses of 100 boards are saved in a data set namarex] created by the following statements:

data Trans;

input Thick @@;

label Thick= Plating Thickness (mils) ;

datalines;
3.468 3.428 3.509 3.516 3.461 3.492 3.478 3.556 3.482 3.512
3.490 3.467 3.498 3.519 3.504 3.469 3.497 3.495 3.518 3.523
3.458 3.478 3.443 3.500 3.449 3.525 3.461 3.489 3.514 3.470
3.561 3.506 3.444 3.479 3.524 3.531 3.501 3.495 3.443 3.458
3.481 3.497 3.461 3.513 3.528 3.496 3.533 3.450 3.516 3.476
3.512 3.550 3.441 3.541 3.569 3.531 3.468 3.564 3.522 3.520
3.505 3.523 3.475 3.470 3.457 3.536 3.528 3.477 3.536 3.491
3.510 3.461 3.431 3.502 3.491 3.506 3.439 3.513 3.496 3.539
3.469 3.481 3.515 3.535 3.460 3.575 3.488 3.515 3.484 3.482
3.517 3.483 3.467 3.467 3.502 3.471 3.516 3.474 3.500 3.466

)

The following statements create the histogram shown in Figure 5.8:

titte Process Capability Analysis of Plating Thickness ;
proc capability data=Trans noprint;

spec Isl = 3.45 usl = 3.55;

histogram Thick / odstitle = title;
run;

A histogram is created for each variable listed after the keyword HISTOGRAM. The SPEC statement, which
is optional, provides the speci cation limits that are displayed on the histogram. For more information about
the SPEC statement, see “SPEC Statement” on page 211.

The NOPRINT option suppresses printed output with summary statistics for the variadkehat would be
displayed by default. See “Computing Descriptive Statistics” on page 193 for an example of this output.
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Figure 5.8 Histogram Created with Traditional Graphics

Adding a Normal Curve to the Histogram
NOTE: SeeHistogram with Fitted Normal Curvim the SAS/QC Sample Library.
This example is a continuation of the preceding example.

The following statements t a normal distribution from the thickness measurements and superimpose the
tted density curve on the histogram:

proc capability data=Trans;
spec Isl = 3.45 usl = 3.55;
histogram / normal;

run;

The ODS GRAPHICS ON statement speci ed before the PROC CAPABILITY statement enables ODS
Graphics, so the histogram is created using ODS Graphics instead of traditional graphics.

The NORMAL option summarizes the tted distribution in the printed output shown in Figure 5.9, and it
speci es that the normal curve be displayed on the histogram shown in Figure 5.10.
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Figure 5.9 Summary for Fitted Normal Distribution
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Figure 5.10 Histogram Superimposed with Normal Curve

The printed output includes the following:
parameters for the normal curve. The normal parametensd are estimated by the sample mean
(OD 3:49533 and the sample standard deviatiddd 0:032117.

goodness-of- t tests based on the empirical distribution function (EDF): the Anderson-Darling, Cramer-
von Mises, and Kolmogorov-Smirnov tests. Tfw@alues for these tests are greater than the usual
cutoff values of 0.05 and 0.10, indicating that the thicknesses are normally distributed.

a chi-square goodness-of- t test. Thevalue of 0.223 for this test indicates that the thicknesses are
normally distributed. In general EDF tests (when available) are preferable to chi-square tests. See the
section "EDF Goodness-of-Fit Tests” on page 346 for details.

observed and estimated percentages outside the speci cation limits

observed and estimated quantiles
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For details, including formulas for the goodness-of- t tests, see “Printed Output” on page 343. Note that the
NOPRINT option in the PROC CAPABILITY statement suppresses only the printed output with summary
statistics for the variabl&hick. To suppress the printed output in Figure 5.9, specify the NOPRINT option
enclosed in parentheses after the NORMAL option as in “Customizing a Histogram” on page 299.

The NORMAL option is one of many options that you can specify in the HISTOGRAM statement. See
the section “Syntax: HISTOGRAM Statement” on page 300 for a complete list of options or the section
“Dictionary of Options” on page 309 for detailed descriptions of options.

Customizing a Histogram
NOTE: SeeHistogram with Fitted Normal Curvim the SAS/QC Sample Library.

This example is a continuation of the preceding example. The following statements show how you can use
HISTOGRAM statement options and INSET statements to customize a histogram:

titte Process Capability Analysis of Plating Thickness ;
proc capability data=Trans noprint;
spec Isl = 3.45 usl = 3.55;
histogram Thick / normal
midpoints = 3.4 to 3.6 by 0.025

vscale = count
odstitle = title
nospeclegend;

inset Isl usl;
inset n mean (5.2) cpk (5.2);
run;

The histogram is displayed in Figure 5.11.
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Figure 5.11 Customizing the Appearance of the Histogram

The MIDPOINTS= option speci es a list of values to use as bin midpoints. The VSCALE=COUNT option
requests a vertical axis scaled in counts rather than percents. The INSET statements inset the speci cation

limits and summary statistics. The NOSPECLEGEND option suppress the default legend for the speci cation
limits that is shown in Figure 5.8.

For more information about HISTOGRAM statement options, see the section “Dictionary of Options” on

page 309. For details on the INSET statement, see “INSET Statement: CAPABILITY Procedure” on
page 380.

Syntax: HISTOGRAM Statement
The syntax for the HISTOGRAM statement is as follows:

HISTOGRAM <variables > </ options > ;

You can specify the keyword HIST as an alias for HISTOGRAM. You can use any number of HISTOGRAM

statements after a PROC CAPABILITY statement. The components of the HISTOGRAM statement are
described as follows.
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variables
are the process variables for which histograms are to be created. If you specify a VAR statement,
the variables must also be listed in the VAR statement. Otherwise, the variables can be any numeric
variables in the input data set. If you do not specify variables in a VAR statement or in the HISTOGRAM
statement, then by default, a histogram is created for each numeric variable in the DATA= data set. If
you use a VAR statement and do not specify any variables in the HISTOGRAM statement, then by
default, a histogram is created for each variable listed in the VAR statement.

For example, suppose a data set nasteel contains exactly two numeric variables nantetyth and
width. The following statements create two histograms, onéefagth and one fowidth:

proc capability data=steel;
histogram;
run;

The following statements also create histogramseiagth andwidth:

proc capability data=steel;
var length width;
histogram;

run;

The following statements create a histogramléagth only:

proc capability data=steel;
var length width;
histogram length;

run;

options
add features to the histogram. Specify all options after the slash (/) in the HISTOGRAM statement.

For example, in the following statements, the NORMAL option displays a tted normal curve on the
histogram, the MIDPOINTS= option speci es midpoints for the histogram, and the CTEXT= option
speci es the color of the text:

proc capability data=steel;
histogram length / normal
midpoints = 5.6 5.8 6.0 6.2 6.4
ctext = yellow;
run;

Summary of Options

The following tables list the HISTOGRAM statement options by function. For detailed descriptions, see
“Dictionary of Options” on page 309.
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Parametric Density Estimation Options

Table 5.18 lists options that display a parametric density estimate on the histogram.

Table 5.18 Parametric Distribution Options

Option

Description

BETA(beta-options)

EXPONENTIAL(exponential-options)

GAMMA( gamma-options)

GUMBEL(Gumbel-options)
IGAUSS([Gauss-options)

LOGNORMAL (lognormal-options)

NORMAL (normal-options)

PARETOPareto-options)

POWER power-options)

RAYLEIGH(Rayleigh-options)

SB(SB-options)

SU(SU-options)

WEIBULL(Weibull-options)

ts beta distribution with threshold param-
eter , scale parameter, and shape pa-
rameters and

ts exponential distribution with threshold
parameter and scale parameter

ts gamma distribution with threshold pa-
rameter , scale parameter, and shape
parameter

plots Gumbel distribution with location
parameter and scale parameter

plots inverse Gaussian distribution with
mean and shape parameter

ts lognormal distribution with threshold
parameter , scale parameter, and shape
parameter

ts normal distribution with mean and
standard deviation

plots Pareto distribution with threshold pa-
rameter , scale parameter, and shape
parameter

plots power function distribution with
threshold parameter, scale parameter,
and shape parameter

plots Rayleigh distribution with threshold
parameter and scale parameter

ts JohnsonSg distribution with thresh-
old parameter , scale parameter, and
shape parametersand

ts JohnsonSy distribution with location
parameter , scale parameter, and shape
parameters and

ts Weibull distribution with threshold pa-
rameter , scale parameter, and shape
parametec

Table 5.19 lists secondary options that specify parameters for tted parametric distributions and that control
the display of tted curves. Specify these secondary options in parentheses after the distribution keyword.

For example, the following statements t a normal curve by using the NORMAL option:
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proc capability;
histogram / normal(color=red mu=10 sigma=0.5);
run;

The COLOR=normal-optiondraws the curve in red, and the MU= and SIGMAermal-optionsspecify the
parameters D 10and D 0:5for the curve. Note that the sample mean and sample standard deviation are
used to estimate and , respectively, when the MU= and SIGMA= options are not speci ed.

You can specify lists of values for distribution parameters to display more than one tted curve from the same
distribution family on a histogram. Option values are matched by list position. You can specify the value
EST in a list of distribution parameter values to use an estimate of the parameter.

For example, the following code displays two normal curves on a histogram:

proc capability;
histogram / normal(color=(red blue) mu=10 est sigma=0.5 est);
run;

The rstcurveisred, with D 10and D 0:5. The second curve is blue, withequal to the sample mean
and equal to the sample standard deviation.

See the section “Formulas for Fitted Curves” on page 331 for detailed information about the families of
parametric distributions that you can t with the HISTOGRAM statement.

Table 5.19 Distribution Options

Option Description

Options Used with All Parametric Distributions

COLOR= speci es color of tted density curve

FILL lls area under tted density curve

INDICES calculates capability indices based on tted distribution

L= speci es line type of tted curve

MIDPERCENTS prints table of midpoints of histogram intervals

NOPRINT suppresses printed output summarizing tted curve

PERCENTS= lists percents for which quantiles calculated from data and quantiles
estimated from tted curve are tabulated

SYMBOL= speci es character used for tted density curve in line printer plots

W= speci es width of tted density curve

Beta-Options

ALPHA= speci es rst shape parameterfor tted beta curve

BETA= speci es second shape parametdior tted beta curve

SIGMA= speci es scale parameterfor tted beta curve

THETA= speci es lower threshold parameteffor tted beta curve

Exponential-Options
SIGMA=

THETA=
Gamma-Options
ALPHA=
ALPHADELTA=

speci es scale parameterfor tted exponential curve
speci es threshold parameterfor tted exponential curve

speci es shape parameterfor tted gamma curve
speci es change in successive estimates at which the Newton-
Raphson approximation ddterminates
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Table 5.19 (continued)
Option Description
ALPHAINITIAL= speci es initial value for in Newton-Raphson approximation &
MAXITER= speci es maximum number of iterations in Newton-Raphson ap-

proximation of O

SIGMA= speci es scale parameterfor tted gamma curve
THETA= speci es threshold parameterfor tted gamma curve
Gumbel-Options
EDFNSAMPLES= speci es number of samples for EDF goodness-of- t simulation
EDFSEED= speci es seed value for EDF goodness-of- t simulation
MU= speci es location parameter for tted Gumbel curve
SIGMA= speci es scale parameterfor tted Gumbel curve
IGauss-Options
EDFNSAMPLES= speci es number of samples for EDF goodness-of- t simulation
EDFSEED= speci es seed value for EDF goodness-of- t simulation
LAMBDA= speci es shape parameterfor tted inverse Gaussian curve
MU= speci es mean for tted inverse Gaussian curve

Lognormal-Options
SIGMA=

THETA=

ZETA=
Normal-Options
MU=

SIGMA=
Pareto-Options
ALPHA=
EDFNSAMPLES=
EDFSEED=
SIGMA=

THETA=
Power-Options
ALPHA=

SIGMA=

THETA=
Rayleigh-Options
EDFNSAMPLES=
EDFSEED=
SIGMA=

THETA=

Sg -Options
DELTA=
FITINTERVAL=
FITMETHOD=
FITTOLERANCE=
GAMMA=
SIGMA=

speci es shape parameterfor tted lognormal curve
speci es threshold parameterfor tted lognormal curve
speci es scale parameterfor tted lognormal curve

speci es mean for tted normal curve
speci es standard deviationfor tted normal curve

speci es shape parameterfor tted Pareto curve

speci es number of samples for EDF goodness-of- t simulation
speci es seed value for EDF goodness-of- t simulation

speci es scale parameterfor tted Pareto curve

speci es threshold parameterfor tted Pareto curve

speci es shape parameterfor tted power function curve
speci es scale parameterfor tted power function curve
speci es threshold parameterfor tted power function curve

speci es number of samples for EDF goodness-of- t simulation
speci es seed value for EDF goodness-of- t simulation

speci es scale parameterfor tted Rayleigh curve

speci es threshold parameterfor tted Rayleigh curve

speci es rst shape parameterfor tted Sg curve
speci es z-value for method of percentiles

speci es method of parameter estimation

speci es tolerance for method of percentiles

speci es second shape parametefor tted Sg curve
speci es scale parameterfor tted Sg curve
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Table 5.19 (continued)

Option Description

THETA= speci es lower threshold parameteffor tted Sg curve

Su -Options

DELTA= speci es rst shape parameterfor tted Sy curve

FITINTERVAL= speci es z-value for method of percentiles

FITMETHOD= speci es method of parameter estimation

FITTOLERANCE= speci es tolerance for method of percentiles

GAMMA= speci es second shape parametefor tted Sy curve

OPTBOUNDRANGE= speci es the sampling range for parameter starting values in MLE
optimization

OPTMAXITER= speci es an iteration limit for MLE optimization

OPTMAXSTARTS= speci es the maximum number of starting points to be used for
MLE optimization

OPTPRINT prints an iteration history for MLE optimization

OPTSEED= speci es a seed value for MLE optimization

OPTTOLERANCE= speci es the optimality tolerance for MLE optimization

SIGMA= speci es scale parameterfor tted Sy curve

THETA= speci es location parameterfor tted Sy curve

Weibull-Options

C= speci es shape parametefor tted Weibull curve

CDELTA= speci es change in successive estimates af which the Newton-
Raphson approximation d@terminates

CINITIAL= speci es initial value forc in Newton-Raphson approximation &f

MAXITER= speci es maximum number of iterations in Newton-Raphson ap-
proximation of©

SIGMA= speci es scale parameterfor tted Weibull curve

THETA= speci es threshold parameterfor tted Weibull curve

Nonparametric Density Estimation Options

Table 5.20 Kernel Density Estimation Options

Option

Description

KERNEL (kernel-option} ts kernel density estimates

Specify the options listed in Table 5.21 in parentheses after the keyword KERNEL to control features of

kernel density estimates requested with the KERNEL option.
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Table 5.21 Kernel-Options

Option Description

C= speci es standardized bandwidth parametéor tted kernel
density estimate

COLOR= speci es color of the tted kernel density curve

FILL lIs area under tted kernel density curve

K= speci es type of kernel function

L= speci es line type used for tted kernel density curve

LOWER= speci es lower bound for tted kernel density curve

SYMBOL= speci es character used for tted kernel density curve in line
printer plots

UPPER= speci es upper bound for tted kernel density curve

W= speci es line width for tted kernel density curve

General Options

Table 5.22 summarizes general options for the HISTOGRAM statement, including options for enhancing
charts and producing output data sets.

Table 5.22 General HISTOGRAM Statement Options

Option

Description

Options to Create Output Data Sets

OUTFIT=
OUTHISTOGRAM=
OUTKERNEL=

requests information about tted curves
requests information about histogram intervals
creates a data set containing kernel density estimates

General Histogram Layout Options

CLIPCURVES
CONTENTS=
CURVELEGEND=
ENDPOINTS=
HANGING

HREF=
HREFLABELS=
MIDPERCENTS
MIDPOINTS=
NENDPOINTS=
NMIDPOINTS=
NOBARS
NOCURVELEGEND
NOFRAME
NOLEGEND
NOPLOT
NOSPECLEGEND
NOTABCONTENTS

scales vertical axis without considering tted curves

speci es table of contents entry for histogram grouping
speci es LEGEND statement for curves

lists endpoints for histogram intervals
constructs hanging histogram

speci es reference lines perpendicular to the horizontal axis
speci es labels for HREF= lines

prints table of histogram intervals

lists midpoints for histogram intervals

speci es number of histogram interval endpoints
speci es humber of histogram interval midpoints
suppresses histogram bars
suppresses legend for curves
suppresses frame around plotting area

suppresses legend

suppresses plot

suppresses speci cations legend
suppresses table of contents entries for tables produced by
HISTOGRAM statement
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Table 5.22 (continued)

Option Description

RTINCLUDE includes right endpoint in interval
SPECLEGEND= speci es LEGEND statement for speci cation limits
VREF= speci es reference lines perpendicular to the vertical axis
VREFLABELS= speci es labels for VREF= lines

VSCALE= speci es scale for vertical axis

Options to Enhance Graphical Output

ANNOTATE= speci es annotate data set

BARLABEL= produces labels above histogram bars
BARWIDTH= speci es width for the bars

BMCFILL= speci es |l color for box-and-whisker plot in bottom margin
BMCFRAME= speci es |l color bottom margin plot frame
BMCOLOR= speci es color for bottom margin plot
BMMARGIN= speci es height of margin for bottom margin plot
BMPLOT= requests a plot in bottom margin of histogram
CAXIS= speci es color for axis

CBARLINE= speci es color for outlines of histogram bars
CFILL= speci es color for Iling under curve

CFRAME= speci es color for frame

CGRID= speci es color for grid lines

CHREF= speci es colors for HREF= lines

CLIPREF draws reference lines behind histogram bars
CLIPSPEC= clips histogram bars at speci cation limits
CSTATREF= speci es colors for STATREF= lines

CTEXT= speci es color for text

CVREF= speci es colors for VREF= lines

DESCRIPTION= speci es description for plot in graphics catalog
FONT= speci es software font for text

FRONTREF draws reference lines in front of histogram bars
GRID creates a grid

HAXIS= speci es AXIS statement for horizontal axis
HEIGHT= speci es height of text used outside framed areas
HMINOR= speci es humber of horizontal minor tick marks
HOFFSET= speci es offset for horizontal axis
HREFLABPOS= speci es vertical position of labels for HREF= lines
INFONT= speci es software font for text inside framed areas
INHEIGHT= speci es height of text inside framed areas
INTERBAR= speci es space between histogram bars
LEGEND= identi es LEGEND statement

LGRID= speci es a line type for grid lines

LHREF= speci es line styles for HREF= lines

LSTATREF= speci es line styles for STATREF= lines

LVREF= speci es line styles for VREF= lines

MAXNBIN= speci es maximum number of bins to display
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Table 5.22 (continued)

Option Description

MAXSIGMAS= limits the number of bins that display to within a speci ed
number of standard deviations above and below mean of data
in key cell

MIDPOINTS= speci es midpoints for histogram intervals

NAME= speci es name for plot in graphics catalog

NOHLABEL suppresses label for horizontal axis

NOVLABEL suppresses label for vertical axis

NOVTICK suppresses tick marks and tick mark labels for vertical axis

PFILL= speci es pattern for lling under curve

STATREF= speci es reference lines at values of summary statistics

STATREFLABELS= speci es labels for STATREF= lines

STATREFSUBCHAR=speci es substitution character for displaying statistic values in
STATREFLABELS= labels

TURNVLABELS turns and vertically strings out characters in labels for vertical

axis
VAXIS= speci es AXIS statement or values for vertical axis
VAXISLABEL= speci es label for vertical axis
VMINOR= speci es number of vertical minor tick marks
VOFFSET= speci es length of offset at upper end of vertical axis
VREFLABPOS= speci es horizontal position of labels for VREF= lines
WAXIS= speci es line thickness for axes and frame
WBARLINE= speci es line thickness for bar outlines
WGRID= speci es line thickness for grid

Options for ODS Graphics Output
ODSFOOTNOTE=  speci es footnote displayed on histogram
ODSFOOTNOTE2= speci es secondary footnote displayed on histogram

ODSTITLE= speci es title displayed on histogram

ODSTITLE2= speci es secondary title displayed on histogram

Options for Comparative Plots

ANNOKEY applies annotation requested in ANNOTATE= data set to key
cell only

CFRAMESIDE= speci es color for lling frame for row labels

CFRAMETOP= speci es color for lling frame for column labels

CPROP= speci es color for proportion of frequency bar

CTEXTSIDE= speci es color for row labels of comparative histograms

CTEXTTOP= speci es color for column labels of comparative histograms

INTERTILE= speci es distance between tiles

NCOLS= speci es number of columns in comparative histogram

NROWS= speci es humber of rows in comparative histogram

OVERLAY overlays plots for different class levels (ODS Graphics only)

Options to Enhance Line Printer Plots

HREFCHAR= speci es line character for HREF= lines

VREFCHAR= speci es line character for VREF= lines




Syntax: HISTOGRAM Statement F 309

Dictionary of Options

The following sections provide detailed descriptions of options speci ¢ to the HISTOGRAM statement. See
“Dictionary of Common Options: CAPABILITY Procedure” on page 529 for detailed descriptions of options
common to all the plot statements.

General Options

ALPHA=value-list
speci es the shape parametefor tted curves requested with the BETA, GAMMA, PARETO, and
POWER options. Enclose the ALPHA= option in parentheses after the distribution keyword. If you do
not specify a value for, the procedure calculates a maximum likelihood estimate. See Example 5.8.
You can specify A= as an alias for ALPHA= if you use it abeta-option You can specify SHAPE=
as an alias for ALPHA= if you use it asg@mma-option

BARLABEL=COUNT | PERCENT | PROPORTION
displays labels above the histogram bars. If you specify BARLABEL=COUNT, the label shows the
number of observations associated with a given bar. BARLABEL=PERCENT shows the percent of
observations represented by that bar. If you specify BARLABEL=PROPORTION, the label displays
the proportion of observations associated with the bar.

BETA< (beta-options ) >
displays a tted beta density curve on the histogram. The curve equation is

( )

x . C x
p.x/ D B.;/ ¢V
0

lhv for <x< C
for x orx C

whereB.:/ D €é./€b// and

D lower threshold parameter (lower endpoint parameter)
D scale parameter > 0/
D shape parameter> 0/
D shape parameter> 0/
h D width of histogram interval
v D vertical scaling factor
and

8
<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The beta distribution is bounded below by the paramet@nd above by the valueC . You can
specify and by using the THETA= and SIGMAbeta-options The following statements t a beta
distribution bounded between 50 and 75 by using maximum likelihood estimatesafut :

proc capability;
histogram length / beta(theta=50 sigma=25);
run;
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In general, the default values for THETA= and SIGMA= are 0 and 1, respectively. You can specify
THETA=EST and SIGMA=EST to request maximum likelihood estimates fand .

The beta distribution has two shape parametemnd . If these parameters are known, you can
specify their values with the ALPHA= and BETABeta-options If you do not specify values, the
procedure calculates maximum likelihood estimates fand .

The BETA option can appear only once in a HISTOGRAM statement. Table 5.19 lists secondary
options you can specify with the BETA option. See Example 5.8. Also see “Formulas for Fitted Curves”
on page 331.

BETA=value-list

B=value-list
speci es the second shape parametefor beta density curves requested with the BETA option.
Enclose the BETA= option in parentheses after the BETA option. If you do not specify a valug for
the procedure calculates a maximum likelihood estimate. See Example 5.8.

BMPLOT=CARPET | DOTPLOT | SKELETAL | SCHEMATIC
produces a carpet plot, dot plot, or box-and-whisker plot along the bottom margin of a histogram. A
carpet plot or dot plot shows the distribution of individual observations along the histogram's horizontal
axis. A carpet plot represents each observation with a vertical line. A dot plot marks each observation
with a symbol. A box-and-whisker plot gives a summary of the data distribution that a histogram alone
does not provide. The left and right edges of the box are located at the rst and third quartiles. A
central vertical line is drawn at the median and a symbol is plotted inside the box at the mean. If you
specify the SKELETAL keyword, a box-and-whisker plot is produced with whiskers extending to the
minimum and maximum values. If you specify SCHEMATIGs@éhematidox-and-whisker plot is
produced. In a schematic box-and-whisker plot, the whiskers extend to the smallest value within the
lower fenceand the largest value within thgpper fenceFences are de ned in terms of the interquartile
range (IQR). The lower fence is 1.5 IQR below the rst quartile and the upper fence is 1.5 IQR above
the third quartile. Each observation outside the fences is plotted with a symbol.

C=value-list
speci es the shape parametefor Weibull density curves requested with the WEIBULL option.
Enclose the C= option in parentheses after the WEIBULL option. If you do not specify a value for
c, the procedure calculates a maximum likelihood estimate. See Example 5.9. You can specify the
SHAPE-= option as an alias for the C= option.

C=value-list | MISE
speci es the standardized bandwidth parametéor kernel density estimates requested with the
KERNEL option. Enclose the C= option in parentheses after the KERNEL option. You can specify up
to ve values to request multiple estimates. You can also specify the C=MISE option, which produces
the estimate with a bandwidth that minimizes the approximate mean integrated square error (MISE).
For example, the following statements compute three density estimates:

proc capability;
histogram length / kernel(c=0.5 1.0 mise);
run;

The rst two estimates have standardized bandwidths of 0.5 and 1.0, respectively, and the third has a
bandwidth that minimizes the approximate MISE.
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You can also use the C= option with the K= option, which speci es the kernel function, to compute
multiple estimates. If you specify more kernel functions than bandwidths, the last bandwidth in the
list is repeated for the remaining estimates. Likewise, if you specify more bandwidths than kernel
functions, the last kernel function is repeated for the remaining estimates. For example, the following
statements compute three density estimates:

proc capability;
histogram length / kernel(c=1 2 3 k=normal quadratic);
run;

The rstuses a normal kernel and a bandwidth of 1, the second uses a quadratic kernel and a bandwidth
of 2, and the third uses a quadratic kernel and a bandwidth of 3. See Example 5.12.

If you do not specify a value faz, the bandwidth that minimizes the approximate MISE is used for all
the estimates.

CLIPCURVES
scales the vertical axis without taking tted curves into consideration. Curves that extend above the
tallest histogram bar may be clipped. You can use this option to avoid compression of the histogram
bars due to extremely high tted curve peaks.

DELTA=value-list
speci es the rst shape parameterfor JohnsorSg and Johnsosy density curves requested with the
SB and SU options. Enclose the DELTA= option in parentheses after the SB or SU option. If you do
not specify a value for, the procedure calculates an estimate.

EDFNSAMPLES=value
speci es the number of simulation samples used to compwaues for EDF goodness-of- t statistics
for density curves requested with the GUMBEL, IGAUSS, PARETO, and RAYLEIGH options. Enclose
the EDFNSAMPLES= option in parentheses after the distribution option. The default value is 500.

EDFSEED=value
speci es an integer value used to start the pseudo-random number generator when creating simulation
samples for computing EDF goodness-of- t statighiaalues for density curves requested with
the GUMBEL, IGAUSS, PARETO, and RAYLEIGH options. Enclose the EDFSEED= option in
parentheses after the distribution option. By default, the procedure uses a random number seed
generated from reading the time of day from the computer's clock.

ENDPOINTS

ENDPOINTS=value-list
speci es that histogram interval endpoints, rather than midpoints, are aligned with horizontal axis tick
marks. If you specify ENDPOINTS, the number of histogram intervals is based on the number of
observations by using the method of Terrell and Scott (1985). If you specify ENDPOMiN&=list
thevaluesmust be listed in increasing order and must be evenly spaced. All observations in the input
data set, as well as any speci cation limits, must lie between the rst and last values speci ed. The
samevalue-listis used for all variables.



312 F Chapter 5: The CAPABILITY Procedure

EXPONENTIAL< (exponential-options ) >
EXP< (exponential-options ) >

FILL

displays a tted exponential density curve on the histogram. The curve equation is

WV exp. .X—// forx

px/ D 0 for x <

where

D threshold parameter

D scale parameter > 0/
h D width of histogram interval
v D vertical scaling factor
and

8
<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The parameter must be less than or equal to the minimum data value. You can spewiity the
THETA= exponential-optionThe default value for is zero. If you specify THETA=EST, a maximum
likelihood estimate is computed for You can specify with the SIGMA=exponential-optionBy
default, a maximum likelihood estimate is computed folFor example, the following statements t
an exponential curve with D 10and with a maximum likelihood estimate for

proc capability;
histogram / exponential(theta=10 1=2 color=red);
run;

The curve is red and has a line type of 2. The EXPONENTIAL option can appear only once in a
HISTOGRAM statement. Table 5.19 lists secondary options you can specify with the EXPONENTIAL
option. See “Formulas for Fitted Curves” on page 331.

lls areas under a parametric density curve or kernel density estimate with colors and patterns. Enclose
the FILL option in parentheses after a curve option or the KERNEL option, as in the following
statements:

proc capability;
histogram length / normal(fill) cfill=green pfill=solid,;
run;

Depending on the area to be lled (outside or between the speci cation limits), you can specify the
color and pattern with options in the SPEC statement and HISTOGRAM statement, as summarized in
the following table:
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Area Under Curve  Statement Option
between speci cation HISTOGRAM CFILL=
limits HISTOGRAM PFILL=

left of lower SPEC CLEFT=
speci cation limit SPEC PLEFT=
right of upper SPEC CRIGHT=
speci cation limit SPEC PRIGHT=

If you do not display speci cation limits, the CFILL= and PFILL= options specify the color and pattern

for the entire area under the curve. Solid lls are used by default if patterns are not speci ed. You
can specify the FILL option with only one tted curve. For an example, see Output 5.8.1. Refer to
SAS/GRAPH: Referenter a list of available patterns and colors. If you do not specify the FILL option

but specify the options in the preceding table, the colors and patterns are applied to the corresponding
areas under the histogram.

FITINTERVAL=value

speci es the value of for the method of percentiles when this method is used to t a JohBgoor
Johnsory distribution. The FITINTERVAL= option is speci ed in parentheses after the SB or SU
option. The default oz is 0.524.

FITMETHOD=PERCENTILE | MLE | MOMENTS

speci es the method used to estimate the parameters of a JoBgsonJohnsorgsy distribution. The
FITMETHOD-= option is speci ed in parentheses after the SB or SU option. By default, the method
of percentiles is used. You can specify the MLE keyword to request maximum likelihood estimation.
The OPTBOUNDRANGE=, OPTMAXITER=, OPTMAXSTARTS=, OPTPRINT, OPTSEED=, and
OPTTOLERANCE-= options control the optimizer that performs the maximum likelihood calculation.

FITTOLERANCE=value

speci es the tolerance value for the ratio criterion when the method of percentiles is used to ta
Johnsorg or Johnsorgy distribution. The FITTOLERANCE= option is speci ed in parentheses
after the SB or SU option. The default value is 0.01.

GAMMA< (gamma-options) >

displays a tted gamma density curve on the histogram. The curve equation is

lexp. .X—// forx>

for x

e
X/ D : )
P 0

where

D threshold parameter

D scale parameter > 0/

D shape parameter> 0/
h D width of histogram interval
v D vertical scaling factor
and

8
<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1  for VSCALE=PROPORTION
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The parameter for the gamma distribution must be less than the minimum data value. You can
specify with the THETA=gamma-optionThe default value for is 0. If you specify THETA=EST,

a maximum likelihood estimate is computed farln addition, the gamma distribution has a shape
parameter and a scale parameter You can specify these parameters with the ALPHA= and
SIGMA= gamma-options By default, maximum likelihood estimates are computed fand

For example, the following statements t a gamma curve with 4 and with maximum likelihood
estimates for and :

proc capability;
histogram length / gamma(theta=4);
run;

Note that the maximum likelihood estimate ofs calculated iteratively using the Newton-Raphson
approximation. The ALPHADELTA=, ALPHAINITIAL=, and MAXITER=gamma-optionsontrol
the approximation.

The GAMMA option can appear only once in a HISTOGRAM statement. Table 5.19 lists secondary
options you can specify with the GAMMA option. See Example 5.9 and “Formulas for Fitted Curves”
on page 331.

GAMMA=value-list
speci es the second shape parametdor JohnsorSg and Johnso®y density curves requested with
the SB and SU options. Enclose the GAMMA= option in parentheses after the SB or SU option. If
you do not specify a value for, the procedure calculates an estimate.

GRID

adds a grid to the histogram. Grid lines are horizontal lines positioned at major tick marks on the
vertical axis.

GUMBEL< (Gumbel-options) >
displays a tted Gumbel (also known as Type 1 extreme value distribution) density curve on the
histogram. The curve equation is

h _ _
ox/ D Me X = eaxp e X

where

D location parameter

D scale parameter > 0/
h D width of histogram interval
v D vertical scaling factor
and

< n  the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

You can specify values for and with the MU= and SIGMA=Gumbel-optionsBy default, maximum
likelihood estimates are computed forand .

The GUMBEL option can appear only once in a HISTOGRAM statement. Table 5.19 lists secondary
options you can specify with the GUMBEL option. See “Formulas for Fitted Curves” on page 331.
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HANGING
HANG
requests a hanging histogram , as illustrated in Figure 5.12.

Figure 5.12 Hanging Histogram

You can use the HANGING option with only one tted density curve. A hanging histogram aligns the
tops of the histogram bars (displayed as lines) with the tted curve. The lines are positioned at the
midpoints of the histogram bins. A hanging histogram is a goodness-of- t diagnostic in the sense that
the closer the lines are to the horizontal axis, the better the t. Hanging histograms are discussed by
Tukey (1977), Wainer (1974), and Velleman and Hoaglin (1981).

IGAUSS< (iGauss-options) >
displays a tted inverse Gaussian density curve on the histogram. The curve equation is

( 1=2
o.x/ D hv 5=  exp. 5 x [ 2 forx>0

0 forx O

where”. [/ is the standard normal cumulative distribution function, and
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D mean parameter > 0/

D shape parameter> 0/
h D width of histogram interval
v D vertical scaling factor
and

8
< n  the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

You can specify values for and with the MU= and LAMBDA=iGauss-optionsBy default, the
sample mean is used forand a maximum likelihood estimate is computed for

The IGAUSS option can appear only once in a HISTOGRAM statement. Table 5.19 lists secondary
options you can specify with the IGAUSS option. See “Formulas for Fitted Curves” on page 331.

INDICES
requests capability indices based on the tted distribution. Enclose the keyword INDICES in parenthe-
ses after the distribution keyword. See “Indices Using Fitted Curves” on page 349 for computational
details and see Output 5.11.2.

K=NORMAL | QUADRATIC | TRIANGULAR
speci es the kernel function (normal, quadratic, or triangular) used to compute a kernel density estimate.
Enclose the K= option in parentheses after the KERNEL option, as in the following statements:

proc capability;
histogram length / kernel(k=quadratic);
run;

You can specify kernel functions for up to ve estimates. You can also use the K= option together with
the C= option, which speci es standardized bandwidths. If you specify more kernel functions than
bandwidths, the last bandwidth in the list is repeated for the remaining estimates. Likewise, if you
specify more bandwidths than kernel functions, the last kernel function is repeated for the remaining
estimates. For example, the following statements compute three estimates with bandwidths of 0.5, 1.0,
and 1.5:

proc capability;
histogram length / kernel(c=0.5 1.0 1.5 k=normal quadratic);
run;

The rst estimate uses a normal kernel, and the last two estimates use a quadratic kernel. By default, a
normal kernel is used.

KERNEL< ( kernel-options ) >
superimposes up to ve kernel density estimates on the histogram. You can spediyrtbleoptions
described in the following table:
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Option Description
= speci es the smoothing parameter
COLOR= speci es the color of the curve
FILL speci es that the area under the curve is to be lled
K= speci es the type of kernel function
L= speci es the line style for the curve
LOWER=  speci es the lower bound for the curve

SYMBOL= speci es the character used for the kernel density curve in line
printer plots

UPPER= speci es the upper bound for the curve

W= speci es the width of the curve

You can request multiple kernel density estimates on the same histogram by specifying a list of values
for either the C= or K= option. For more information, see the entries for these options. Also see
Output 5.6.1 and “Kernel Density Estimates” on page 342. By default, kernel density estimates are
computed using the AMISE method.

LAMBDA= value
speci es the shape parameteffor tted curves requested with the IGAUSS option. Enclose the
LAMBDA= option in parentheses after the IGAUSS distribution keyword. If you do not specify a
value for , the procedure calculates a maximum likelihood estimate.

LOGNORMAL< (lognormal-options) >
displays a tted lognormal density curve on the histogram. The curve equation is

2
—p—i‘)‘(’ - exp dogx 11T forx >

p.x/ D 2 22
0 for x

where

D threshold parameter

D scale parameter

D shape parameter> 0/
h D width of histogram interval
v D vertical scaling factor
and

8
<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

Note that the lognormal distribution is also referred to asShalistribution in the Johnson system of
distributions.

The parameter for the lognormal distribution must be less than the minimum data value. You
can specify with the THETA=lognormal-option. The default value for is zero. If you specify
THETA=EST, a maximum likelihood estimate is computed foivou can specify the parameters

and with the SIGMA= and ZETAdognormal-options. By default, maximum likelihood estimates
are computed for and . For example, the following statements t a lognormal distribution function
with a default value of D 0 and with maximum likelihood estimates forand :
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proc capability;
histogram length / lognormal;
run;

The LOGNORMAL option can appear only once in a HISTOGRAM statement. Table 5.19 lists
secondary options that you can specify with the LOGNORMAL option. See Example 5.9 and
“Formulas for Fitted Curves” on page 331.

LOWER=value-list
speci es lower bounds for kernel density estimates requested with the KERNEL option. Enclose the
LOWER= option in parentheses after the KERNEL option. You can specify up to ve lower bounds
for multiple kernel density estimates. If you specify more kernel estimates than lower bounds, the last
lower bound is repeated for the remaining estimates.

MAXNBIN=nN
speci es the maximum number of bins to be displayed in a comparative histogram. This option is
useful in situations where the scales or ranges of the data distributions differ greatly from cell to cell.
By default, the bin size and midpoints are determined for the key cell, and then the midpoint list is
extended to accommodate the data ranges for the remaining cells. However, if the cell scales differ
considerably, the resulting number of bins may be so great that each cell histogram is scaled into a
narrow region. By limiting the number of bins with the MAXNBIN= option, you can narrow the
window about the data distribution in the key cell. Note that the MAXNBIN= option provides an
alternative to the MAXSIGMAS= option.

MAXSIGMAS=value
limits the number of bins to be displayed to a rangeafiestandard deviations (of the data in the key
cell) above and below the mean of the data in the key cell. This option is useful in situations where the
scales or ranges of the data distributions differ greatly from cell to cell. By default, the bin size and
midpoints are determined for the key cell, and then the midpoint list is extended to accommodate the
data ranges for the remaining cells. If the cell scales differ considerably, however, the resulting number
of bins may be so great that each cell histogram is scaled into a narrow region. By limiting the number
of bins with the MAXSIGMAS= option, you narrow the window about the data distribution in the key
cell. Note that the MAXSIGMAS= option provides an alternative to the MAXNBIN= option.

MIDPERCENTS
requests a table listing the midpoints and percent of observations in each histogram interval. For
example, the following statements create the table in Figure 5.13:

proc capability;
histogram Length / midpercents;
run;
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Figure 5.13 Table of Midpoints and Observed Percentages

If you specify the MIDPERCENTS option in parentheses after a density estimate option, a table listing
the midpoints, observed percent of observations, and the estimated percent of the population in each
interval (estimated from the tted distribution) is printed.

The following statements create the table shown in Figure 5.14:

proc capability;
histogram Length / gamma(theta=3 midpercents);
run;

Figure 5.14 Table of Observed and Expected Percentages

MIDPOINTS=value-list | KEY | UNIFORM
speci es how to determine the midpoints for the histogram intervals, wieues-list determines the
width of the histogram bars as the difference between consecutive midpoints. The procedure uses the
same values for all variables. See Output 5.9.1.

The range of midpoints, extended at each end by half of the bar width, must cover the range of the data
as well as any speci cation limits. For example, if you specify
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midpoints=2 to 10 by 0.5

then all of the observations and speci cation limits should fall between 1.75 and 10.25. (Otherwise, a
default list of midpoints is used.) You must use evenly spaced midpoints listed in increasing order.

KEY determines the midpoints for the data in the key cell. The initial number of midpoints
is based on the number of observations in the key cell that use the method of Terrell
and Scott (1985). The procedure extends the midpoint list for the key cell in either
direction as necessary until it spans the data in the remaining cells.

UNIFORM determines the midpoints by using all the observations as if there were no cells. In
other words, the number of midpoints is based on the total sample size by using the
method of Terrell and Scott (1985).

Neither KEY nor UNIFORM apply unless you use the CLASS statement. By default, if you
use a CLASS statement, MIDPOINTS=KEY. However, if the key cell is empty then MID-
POINTS=UNIFORM. Otherwise, the procedure computes the midpoints by using the algorithm
described in Terrell and Scott (1985). The default midpoints are primarily applicable to continuous
data that are approximately normally distributed.

If you produce traditional graphics and use the MIDPOINTS= and HAXIS= options, you can use the
ORDER-= option in the AXIS statement you speci ed with the HAXIS= option. However, for the tick
mark labels to coincide with the histogram interval midpoints, the range of the ORDER= list must
encompass the range of the MIDPOINTS= list, as illustrated in the following statements:

proc capability;
histogram length / midpoints=20 to 80 by 10
haxis=axis1;
axisl length=6 in order=10 20 30 40 50 60 70 80 90;
run;

MIDPTAXIS=name
is an alias for the HAXIS= option.

MU=value-list
speci es the parameter for tted curves requested with the GUMBEL, IGAUSS, and NORMAL
options. Enclose the MU= option in parentheses after the distribution keyword. For the normal and
inverse Gaussian distributions, the default value @ the sample mean. If you do not specify a value
for for the Gumbel distribution, the procedure calculates a maximum likelihood estimate.

NENDPOINTS=n
speci es the number of histogram interval endpoints and causes the endpoints, rather than interval
midpoints, to be aligned with horizontal axis tick marks.

NMIDPOINTS=n
speci es the number of histogram intervals.
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NOBARS
suppresses drawing of histogram bars. This option is useful when you want to display tted curves

only.

NOCURVELEGEND

NOCURVEL
suppresses the portion of the legend for tted curves. If you use the INSET statement to display
information about the tted curve on the histogram, you can use the NOCURVELEGEND option to
prevent the information about the tted curve from being repeated in a legend at the bottom of the
histogram. See Output 5.15.1.

NOLEGEND
suppresses legends for speci cation limits, tted curves, distribution lines, and hidden observations.
See Example 5.13. Specifying the NOLEGEND option is equivalent to specifying LEGEND=NONE.

NOPLOT
suppresses the creation of a plot. Use the NOPLOT option when you want only to print summary
statistics for a tted density or create either an OUTFIT= or an OUTHISTOGRAM= data set. See
Example 5.11.

NOPRINT
suppresses printed output summarizing the tted curve. Enclose the NOPRINT option in parentheses
following the distribution option. See “Customizing a Histogram” on page 299 for an example.

NORMAL< (normal-options) >
displays a tted normal density curve on the histogram. The curve equation is

p.x/ D —|5“’2=exp 1X 2 for1 <x< 1
where

D mean

D standard deviation > 0/
h D width of histogram interval
v D vertical scaling factor
and

8
< n  the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

Note that the normal distribution is also referred to asSkedistribution in the Johnson system of
distributions.

You can specify values for and with the MU= and SIGMA=normal-options, as shown in the
following statements:

proc capability;
histogram length / normal(mu=14 sigma=0.05);
run;
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By default, the sample mean and sample standard deviation are usecior . The NORMAL
option can appear only once in a HISTOGRAM statement. Table 5.19 lists secondary options that you
can specify with the NORMAL option. See Figure 5.10 and “Formulas for Fitted Curves” on page 331.

NOSPECLEGEND

NOSPECL
suppresses the portion of the legend for speci cation limit reference lines. See Figure 5.11.

NOTABCONTENTS
suppresses the table of contents entries for tables produced by the HISTOGRAM statement. See
the section “ODS Tables” on page 355 for descriptions of the tables produced by the HISTOGRAM
statement.

OPTBOUNDRANGE=value
de nes the sampling range for each parameter during maximum likelihood estimation for the Johnson
Sy distribution. PROC UNIVARIATE computes initial estimates for each parameter by using the
method of percentiles. Thalue determines the range of parameter values around the initial estimate
that can be sampled for local optimization starting values. The default is 100.

OPTMAXITER=value
limits the number of iterations that are used by the optimizer in maximum likelihood estimation for the
Johnsory distribution. The default is 500.

OPTMAXSTARTS=N
de nes the maximum number of starting points to be used for local optimization in maximum likelihood
estimation for the Johnsd8y distribution. That is, no more tha local optimizations are used in the
multistart algorithm. The default value is 100.

OPTPRINT
prints the iteration history for the Johns8p distribution maximum likelihood estimation.

OPTSEED=value
speci es a positive integer seed for generating random number sequences in J8hrdistribution
maximum likelihood estimation. You can use this option to replicate results from different runs.

OPTTOLERANCE=value
speci es the tolerance for declaring optimality in maximum likelihood estimation for the Jot@ison
distribution. The default value is 1E-8.

OUTFIT=SAS-data-set
creates a SAS data set that contains parameter estimates for tted curves and related goodness-of- t
information. See “Output Data Sets” on page 351.

OUTHISTOGRAM=SAS-data-set

OUTHIST=SAS-data-set
creates a SAS data set that contains information about histogram intervals. Speci cally, the data set
contains the midpoints of the histogram intervals, the observed percent of observations in each interval,
and the estimated percent of observations in each interval (estimated from each of the speci ed tted
curves). See “Output Data Sets” on page 351.
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OUTKERNEL=SAS-data-set

creates a SAS data set containing information about kernel density estimates requested with the
KERNEL option. See “OUTKERNEL= Output Data Set” on page 354 for details.

PARETO< (Pareto-options) >
displays a tted generalized Pareto density curve on the histogram. The curve equation is

(

ox/ D w1 x =/ 1 oo

WVoexp. x /=1 if DO
where

D threshold parameter

D scale parameter > 0/

D shape parameter
h D width of histogram interval
v D vertical scaling factor
and

8
<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The parameter must be less than the minimum data value. You can speciijth the THETA=
Pareto-option The default value for is zero. If you specify THETA=EST, a maximum likelihood
estimate is computed for. In addition, the generalized Pareto distribution has a shape parameter
a scale parameter. You can specify these parameters with the ALPHA= and SIGNPAreto-options
By default, maximum likelihood estimates are computed fand .

The PARETO option can appear only once in a HISTOGRAM statement. Table 5.19 lists secondary
options you can specify with the PARETO option. See “Formulas for Fitted Curves” on page 331.

PCTAXIS=name|value-list
is an alias for the VAXIS= option.

PERCENTS=value-list

PERCENT=value-list
speci es a list of percents for which quantiles calculated from the data and quantiles estimated from
the tted curve are tabulated. The percents must be between 0 and 100. Enclose the PERCENTS=

option in parentheses after the curve option. The default percents are 1, 5, 10, 25, 50, 75, 90, 95, and
99.

For example, the following statements create the table shown in Figure 5.15:
proc capability;

histogram Length / lognormal(percents=1 3 5 95 97 99);
run;
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Figure 5.15 Estimated and Observed Quantiles for the Lognormal Curve

POWER< (power-options) >
displays a tted power function density curve on the histogram. The curve equation is

( 1

hv—- *— for <x< C
0 for x or x C

p.x/ D

where

D threshold parameter

D scale parameter > 0/

D shape parameter
h D width of histogram interval
v D vertical scaling factor
and

8
< n  the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The parameter must be less than or equal to the minimum data value. You can speaifig with
the THETA= and the SIGMA-power-options The default values for and are 0 and 1, respectively.
You can specify THETA=EST and SIGMA=EST to request maximum likelihood estimates&nd

In addition, the generalized Pareto distribution has a shape paraméfen can specify with the
ALPHA= power-option By default, a maximum likelihood estimate is computed for

The POWER option can appear only once in a HISTOGRAM statement. Table 5.19 lists secondary
options you can specify with the POWER option. See “Formulas for Fitted Curves” on page 331.

RAYLEIGH< (Rayleigh-options) >
displays a tted Rayleigh density curve on the histogram. The curve equation is

(

hv*—-e X for x
X/ D 2
p-X 0 forx <

12=2 2/



Syntax: HISTOGRAM Statement F 325

where

D threshold parameter

D scale parameter > 0/
h D width of histogram interval
v D vertical scaling factor
and

8
< n  the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The parameter must be less than or equal to the minimum data value. You can speuwiith the
THETA= Rayleigh-option The default value for is zero. If you specify THETA=EST, a maximum
likelihood estimate is computed for. You can specify with the SIGMA=Rayleigh-option By
default, a maximum likelihood estimate is computed for

The RAYLEIGH option can appear only once in a HISTOGRAM statement. Table 5.19 lists secondary
options you can specify with the RAYLEIGH option. See “Formulas for Fitted Curves” on page 331.

RTINCLUDE

includes the right endpoint of each histogram interval in that interval. By default, the left endpoint is
included in the histogram interval.

SB< (Sg -options ) >
displays a tted JohnsoBg density curve on the histogram. The curve equation is

8 h o
N \ X X
1
2
PX/'D . exp 3 C log.X2—/ for <x< C
0 for x orx C
where

D threshold parameterl < < 1/
D scale parameter > 0/
D shape parameter> 0/
D shape parameterl < < 1/
h D width of histogram interval
v D vertical scaling factor
and

8
<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

TheSg distribution is bounded below by the parameteand above by the valueC . The parameter
must be less than the minimum data value. You can speaifith the THETA=Sg -option, or you
can request that be estimated with the THETA = ESSg -option. The default value for is zero.



326 F Chapter 5: The CAPABILITY Procedure

The sum C must be greater than the maximum data value. The default valueifoone. You
can specify with the SIGMA=Sg -option, or you can request thatbe estimated with the SIGMA
= EST Sg -option. You can specify with the DELTA= Sg -option, and you can specify with the
GAMMA= Sg -option. Note that theSg -options are given in parentheses after the SB option.

By default, the method of percentiles is used to estimate the parameters $§ tiistribution.
Alternatively, you can request the method of moments or the method of maximum likelihood with the
FITMETHOD = MOMENTS or FITMETHOD = MLE options, respectively. Consider the following
example:

proc capability;
histogram length / sb;
histogram length / sb( theta=est sigma=est );
histogram length / sb( theta=0.5 sigma=8.4
delta=0.8 gamma=-0.6 );
run;

The rst HISTOGRAM statement ts arg distribution with default values of D 0Oand D land
with percentile-based estimates foand . The second HISTOGRAM statement estimates all four
parameters with the method of percentiles. The third HISTOGRAM statement displ&®gsanve
with speci ed values for all four parameters.

The SB option can appear only once in a HISTOGRAM statement. Table 5.19 lists secondary options
you can specify with the SB option.

SIGMA=value-list
speci es the parameter for tted curves requested with the BETA, EXPONENTIAL, GAMMA,
GUMBEL, LOGNORMAL, NORMAL, PARETO, POWER, RAYLEIGH, SB, SU, and WEIBULL
options. Enclose the SIGMA= option in parentheses after the distribution keyword. The following
table summarizes the use of the SIGMA= option.

Distribution Keyword SIGMA= Species Default Value Alias

BETA scale parameter 1 SCALE=
EXPONENTIAL scale parameter ~ maximum likelihood estimate SCALE=
GAMMA scale parameter maximum likelihood estimate SCALE=
GUMBEL scale parameter  maximum likelihood estimate
LOGNORMAL shape parameter maximum likelihood estimate SHAPE=
NORMAL scale parameter standard deviation

PARETO scale parameter maximum likelihood estimate

POWER scale parameter 1 SCALE=
RAYLEIGH scale parameter maximum likelihood estimate

SB scale parameter 1 SCALE=
SuU scale parameter  percentile-based estimate SCALE=
WEIBULL scale parameter maximum likelihood estimate SCALE=

If you specify SIGMA=EST, an estimate is computed forFor syntax examples, see the entries for
the distribution options.
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SU< (Sy -options ) >
displays a tted JohnsoBy density curve on the histogram. The curve equation is

rI';IV n 1
P—"F
2 1c.x /= /?

2
PX/'D. exp 1 C sinh?! *— for x >

AP0

0 for x

where

D location parameterl < < 1/
D scale parameter > 0/
D shape parameter> 0/
D shape parameterl. < < 1/
h D width of histogram interval
v D vertical scaling factor
and

<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

You can specify the parameters with the THETA=, SIGMA=, DELTA=, and GAMM&soptions,
which are enclosed in parentheses after the SU option. If you do not specify these parameters, they are
estimated.

By default, the method of percentiles is used to estimate the parameters 8§ thestribution.
Alternatively, you can request the method of moments or the method of maximum likelihood with the
FITMETHOD = MOMENTS or FITMETHOD = MLE options, respectively. Consider the following
example:

proc capability;
histogram length / su;
histogram length / su( theta=0.5 sigma=8.4
delta=0.8 gamma=-0.6 );
run;

The rst HISTOGRAM statement estimates all four parameters with the method of percentiles. The
second HISTOGRAM statement displays&un curve with speci ed values for all four parameters.

The SU option can appear only once in a HISTOGRAM statement. Table 5.19 lists secondary options
you can specify with the SU option.

THETA=value-list

THRESHOLD=value-list
speci es the lower threshold parameteffor curves requested with the BETA, EXPONENTIAL,
GAMMA, LOGNORMAL, PARETO, POWER, RAYLEIGH, SB, and WEIBULL options, and the
location parameter for curves requested with the SU option. Enclose the THETA= option in
parentheses after the curve option. See Example 5.8. The de&wdtis zero. If you specify
THETA=EST, an estimate is computed for
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UPPER=value-list
speci es upper bounds for kernel density estimates requested with the KERNEL option. Enclose the
UPPER= option in parentheses after the KERNEL option. You can specify up to ve upper bounds for
multiple kernel density estimates. If you specify more kernel estimates than upper bounds, the last
upper bound is repeated for the remaining estimates.

VSCALE=COUNT | PERCENT | PROPORTION
speci es the scale of the vertical axis. The value COUNT scales the data in units of the number of
observations per data unit. The value PERCENT scales the data in units of percent of observations per
data unit. The value PROPORTION scales the data in units of proportion of observations per data unit.
See Figure 5.11 for an illustration of VSCALE=COUNT. The default is PERCENT.

WEIBULL< ( Weibull-options) >
displays a tted Weibull density curve on the histogram. The curve equation is

chv x 1 X c
gV 2 /¢ texp. .X—/¢ forx >
p-x/'D 0 for x

where

D threshold parameter
D scale parameter > 0/
¢ D shape parametec > 0/
h D width of histogram interval
v D vertical scaling factor
and

8
< n  the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The parameter must be less than the minimum data value. You can specifjth the THETA=
Weibull-option. The default value for is zero. If you specify THETA=EST, a maximum likelihood
estimate is computed for. You can specify andc with the SIGMA= and C=Weibull-options.
By default, maximum likelihood estimates are computedcfand . For example, the following
statements t a Weibull distribution with D 15 and with maximum likelihood estimates forandc:

proc capability;
histogram length / weibull(theta=15);
run;

Note that the maximum likelihood estimateif calculated iteratively using the Newton-Raphson
approximation. The CDELTA=, CINITIAL=, and MAXITER#Veibull-options control the approxima-
tion.

The WEIBULL option can appear only once in a HISTOGRAM statement. Table 5.19 lists secondary
options that you can specify with the WEIBULL option. See Example 5.9 and “Formulas for Fitted
Curves” on page 331.
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ZETA=value-list
speci es a value for the scale parametdor lognormal density curves requested with the LOGNOR-
MAL option. Enclose the ZETA= option in parentheses after the LOGNORMAL option. By default,
the procedure calculates a maximum likelihood estimate f&dfou can specify the SCALE= option as
an alias for the ZETA= option.

Options for Traditional Graphics
BARWIDTH=value
speci es the width of the histogram bars in screen percent units.

BMCFILL= color
speci es the |l color for a box-and-whisker plot in a bottom margin requested with the BMPLOT=
option. By default, the box-and-whisker plot is not lled.

BMCFRAME-=color
speci es the color for lling the frame of a bottom margin plot requested with the BMPLOT= option.
By default, this area is not lled.

BMCOLOR=color
speci es the color of a carpet plot, or the outline color of a box-and-whisker plot, in a bottom margin
plot requested with the BMPLOT= option.

BMMARGIN=height
speci es the height in screen percentage units of a bottom margin plot requested with the BMPLOT=
option. By default, a bottom margin plot occupies 15 percent of the vertical display space.

CBARLINE= color
speci es the color of the outline of histogram bars. This option overrides the C= option in the
SYMBOL1 statement.

CFILL=color
speci es a color used to Il the bars of the histogram (or the area under a tted curve if you also
specify the FILL option). See the entries for the FILL and PFILL= options for additional details. See
Figure 5.11 and Output 5.8.1. Refer3&S/GRAPH: Referender a list of colors. By default, bars are
lled with an appropriate color from the ODS style.

CGRID=color
speci es the color for grid lines requested with the GRID option. By default, grid lines are the same
color as the axes. If you use CGRID=, you do not need to specify the GRID option.

CLIPREF
draws reference lines requested with the HREF= and VREF= options behind the histogram bars. By
default, reference lines are drawn in front of the histogram bars.

CLIPSPEC=CLIP | NOFILL
speci es that histogram bars are clipped at the upper and lower speci cation limit lines when there are
no observations outside the speci cation limits. The bar intersecting the lower speci cation limit is
clipped if there are no observations less than the lower limit; the bar intersecting the upper speci cation
limit is clipped if there are no observations greater than the upper limit. If you specify CLIPSPEC=CLIP,
the histogram bar is truncated at the speci cation limit. If you specify CLIPSPEC=NOFILL, the portion
of a lled histogram bar outside the speci cation limit is left un lled. Specifying CLIPSPEC=NOFILL
when histogram bars are not lled has no effect.
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CURVELEGEND=name | NONE
speci es the name of a LEGEND statement describing the legend for speci cation limits and tted
curves. Specifying CURVELEGEND=NONE suppresses the legend for tted curves; this is equivalent
to specifying the NOCURVELEGEND option.

FRONTREF
draws reference lines requested with the HREF= and VREF= options in front of the histogram bars.
When the NOGSTYLE system option is speci ed, reference lines are drawn behind the histogram bars
by default, and can be obscured by them.

HOFFSET=value
speci es the offset in percent screen units at both ends of the horizontal axis. Specify HOFFSET=0 to
eliminate the default offset.

INTERBAR=value
speci es the horizontal space in percent screen units between histogram bars. By default, the bars are
contiguous.

LEGEND=name | NONE
speci es the name of a LEGEND statement describing the legend for speci cation limit reference lines
and tted curves. Specifying LEGEND=NONE suppresses all legend information and is equivalent to
specifying the NOLEGEND option.

LGRID=n
speci es the line type for the grid requested with the GRID option. If you use the LGRID= option, you
do not need to specify the GRID option. The default is 1, which produces a solid line.

PFILL=pattern
speci es a pattern used to Il the bars of the histograms (or the areas under a tted curve if you also
specify the FILL option). See the entries for the CFILL= and FILL options for additional details. Refer
to SAS/GRAPH: Referender a list of pattern values. By default, the bars and curve areas are not
lled.

SPECLEGEND=name | NONE
speci es the name of a LEGEND statement describing the legend for speci cation limits and tted
curves. Specifying SPECLEGEND=NONE, which suppresses the portion of the legend for speci cation
limit references lines, is equivalent to specifying the NOSPECLEGEND option.

VOFFSET=value
speci es the offset in percent screen units at the upper end of the vertical axis.

WBARLINE=nN
speci es the width of bar outlines. By defautt= 1.

WGRID=n
speci es the width of the grid lines requested with the GRID option. By default, grid lines are the
same width as the axes. If you use the WGRID= option, you do not need to specify the GRID option.
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Options for Legacy Line Printer Charts

SYMBOL="character'
speci es thecharacterused for the density curve or kernel density curve in line printer plots. Enclose
the SYMBOL= option in parentheses after the distribution option or the KERNEL option. The default
character is the rst letter of the distribution keyword or “1' for the rst kernel density estimate,
*2' for the second kernel density estimate, and so on. If you use the SYMBOL= option with the
KERNEL option, you can specify a list of up to ve characters in parentheses for multiple kernel
density estimates. If there are more estimates than characters, the last character speci ed is used for
the remaining estimates.

Details: HISTOGRAM Statement

This section provides details on the following topics:

formulas for tted distributions

formulas for kernel density estimates

printed output

OUTFIT=, OUTHISTOGRAM=, and OUTKERNEL= data sets

graphical enhancements to histograms

Formulas for Fitted Curves

The following sections provide information about the families of parametric distributions that you can t
with the HISTOGRAM statement. Properties of these distributions are discussed by Johnson, Kotz, and
Balakrishnan (1994) and Johnson, Kotz, and Balakrishnan (1995).

Beta Distribution
The tted density function is

( !

p.x/ D > B/'/ .-CC Xi/ th for <x< C
| 0 for x or X C
: €./€./
whereB.; / D %~z and

D lower threshold parameter (lower endpoint parameter)
D scale parameter > 0/
D shape parameter> 0/
D shape parameter> 0/
h D width of histogram interval
v D vertical scaling factor, and
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8
< n  the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

NOTE: This notation is consistent with that of other distributions that you can t with the HISTOGRAM
statement. However, many texts, including Johnson, Kotz, and Balakrishnan (1995), write the beta density
function as

x alP 1ph x/a 1

px/ D Bpah apca 1 forasx<b
0

forx aorx b

The two notations are related as follows:

Db a
Da
Dp
Dq

The range of the beta distribution is bounded below by a threshold parambterand above by C D b.

If you specify a tted beta curve by using the BETA optionmust be less than the minimum data value,
and C must be greater than the maximum data value. You can speeifyl with the THETA=and
SIGMA= beta-optionsn parentheses after the keyword BETA. By defaulD 1and D O. If you specify
THETA=EST and SIGMA=EST, maximum likelihood estimates are computed ord .

In addition, you can specify and with the ALPHA= and BETA=beta-optionsrespectively. By default,
the procedure calculates maximum likelihood estimates fand . For example, to t a beta density curve
to a set of data bounded below by 32 and above by 212 with maximum likelihood estimatearfdr , use
the following statement:

histogram length / beta(theta=32 sigma=180);

The beta distributions are also referred to as Pearson Type | or Il distributions. These inclpde/¢ne
functiondistribution ( D 1), the arc-sinedistribution ( D D %), and thegeneralized arc-sine
distributons (C D 1, o 1)

You can use the DATA step function BETAINV to compute beta quantiles and the DATA step function
PROBBETA to compute beta probabilities.

Exponential Distribution
The tted density function is

W exp. .X—// forx

px/ D 0 for x <

where

D threshold parameter

D scale parameter > 0/
h D width of histogram interval
v D vertical scaling factor, and
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8
<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1  for VSCALE=PROPORTION

The threshold parametermust be less than or equal to the minimum data value. You can speuiith the
THRESHOLD=exponential-optionBy default, D 0. If you specify THETA=EST, a maximum likelihood
estimate is computed for. In addition, you can specify with the SCALE=exponential-optionBy default,
the procedure calculates a maximum likelihood estimate foNote that some authors de ne the scale
parameter as.

The exponential distribution is a special case of both the gamma distribution (Maith) and the Weibull
distribution (withc = 1). A related distribution is thextreme valudlistribution. IfY D exp. X/ has an
exponential distribution, theX has an extreme value distribution.

Gamma Distribution
The tted density function is

( h
e

Xl D :

p-X 0

lexp. .X—/ forx>

for x

where

D threshold parameter

D scale parameter > 0/

D shape parameter> 0/
h D width of histogram interval
v D vertical scaling factor, and

8
< n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The threshold parametermust be less than the minimum data value. You can speaifith the THRESH-
OLD=gamma-optionBy default, D 0. If you specify THETA=EST, a maximum likelihood estimate is
computed for . In addition, you can specify and with the SCALE= and ALPHA=gamma-optionsBy
default, the procedure calculates maximum likelihood estimates &nd .

The gamma distributions are also referred to as Pearson Type Il distributions, and they include the chi-square,
exponential, and Erlang distributions. The probability density function for the chi-square distribution is
C 4y X/ forx>0
ox/ D %57 2 exp. 3/ forx
0 forx O

Notice that this is a gamma distribution withD 5, D 2, and D 0. The exponential distribution
is a gamma distribution with D 1, and the Erlang distribution is a gamma distribution witheing a

positive integer. A related distribution is the Rayleigh distributionR ID %ﬁ:/’ where theX;'s
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are independent? variables, thefogR is distributed with a  distribution having a probability density
function of
(h i g )
22 '€.5/  x lexp. %/ forx>0
0 forx O

p.x/ D

If D 2, the preceding distribution is referred to as the Rayleigh distribution.

You can use the DATA step function GAMINV to compute gamma quantiles and the DATA step function
PROBGAM to compute gamma probabilities.

Gumbel Distribution
The tted density function is

X = X /=

hv
px/ D —e exp e

where

D location parameter

D scale parameter > 0/
h D width of histogram interval
v D vertical scaling factor, and

8
<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

You can specify and with the MU= and SIGMA=Gumbel-options, respectively. By default, the procedure
calculates maximum likelihood estimates for these parameters.

NoTE: The Gumbel distribution is also referred to as Type 1 extreme value distribution.

NoOTE: The random variablX has Gumbel (Type 1 extreme value) distribution if and only’ifhas Weibull
distribution ancexp..X  /=/ has standard exponential distribution.

Inverse Gaussian Distribution
The tted density function is

( 1=2 2
hv —— exp ;x| forx >0

0 forx O

p.x/ D

where

D location parameter > 0/

D shape parameter> 0/
h D width of histogram interval
v D vertical scaling factor, and
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8
< n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The location parameter has to be greater then zero. You can specifyith the MU=iGauss-option. In
addition, you can specify shape parametevith the LAMBDA= iGauss-option. By default, the procedure
uses the sample mean forand calculates a maximum likelihood estimate for

NOTE: The special case whereD 1and D corresponds to the Wald distribution.

Lognormal Distribution
The tted density function is

( 2
gl: /exp Jdogx [/

px/ D ; 5 >z forx >

for x

where

D threshold parameter
D scale parameterl < < 1/
D shape parameter> 0/

h D width of histogram interval

v D vertical scaling factor, and

8
<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The threshold parametermust be less than the minimum data value. You can speaifith the THRESH-
OLD= lognormal-option By default, D 0. If you specify THETA=EST, a maximum likelihood estimate is
computed for . You can specify and with the SCALE= and SHAPE{ognormal-optionsrespectively.
By default, the procedure calculates maximum likelihood estimates for these parameters.

NoTE: The lognormal distribution is also referred to as e distribution in the Johnson system of
distributions.

NoOTE: This book uses to denote the shape parameter of the lognormal distribution, whersassed to

denote the scale parameter of the beta, exponential, gamma, Gumbel, inverse Gaussian, normal, generalized
Pareto, power function, Rayleigh, and Weibull distributions. The usetofdenote the lognormal shape
parameter is based on the fact thatog.X ~/  / has a standard normal distributionXfis lognormally
distributed.

Normal Distribution
The tted density function is

px/ D —#L—exp 15—/ forl <x<1
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where

D mean

D standard deviation > 0/
h D width of histogram interval
v D vertical scaling factor, and

8
<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

You can specify and with the MU= and SIGMA=normal-optionsrespectively. By default, the procedure
estimates with the sample mean andwith the sample standard deviation.

You can use the DATA step function PROBIT to compute normal quantiles and the DATA step function
PROBNORM to compute probabilities.

NoTE: The normal distribution is also referred to as 8¢ distribution in the Johnson system of distributions.

Generalized Pareto Distribution
The tted density function is

(

hv.
ox/ D d X /

Woexp. x /

1
~ ~

where

D threshold parameter

D scale parameter > 0/

D shape parameter
h D width of histogram interval
v D vertical scaling factor, and

8
< n  the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The support of the distribution is>  for Oand <x< = for >0.

NOTE: Special cases of the generalized Pareto distribution wthOand D 1 correspond respectively to
the exponential distribution with meanand uniform distribution on the intervad; / .

The threshold parametermust be less than the minimum data value. You can speaifith the THETA=
Pareto-option. By default, D 0. You can also specify and with the ALPHA= and SIGMA=Pareto-
options,respectively. By default, the procedure calculates maximum likelihood estimates for these parameters.

NoTE: Maximum likelihood estimation of the parameters works well # % but not otherwise. In
this case the estimators are asymptotically normal and asymptotically ef cient. The asymptotic normal



Details: HISTOGRAM Statement F 337

distribution of the maximum likelihood estimates has meari and variance-covariance matrix

i a1 /2 1 |
n .1 /2 21

NOTE: If no local minimum found in the space
f <0; >0 g[f0O< 1, = > max.X;/g

there is no maximum likelihood estimator. More details on how to nd maximum likelihood estimators and
suggested algorithm can be found in Grimshaw(1993).

Power Function Distribution
The tted density function is

( 1

hv—- *— for <x< C
0 for x or x C

p.x/ D

where

D lower threshold parameter (lower endpoint parameter)
D scale parameter > 0/
D shape parameter> 0/

h D width of histogram interval

v D vertical scaling factor, and

8
< n  the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

NOTE: This notation is consistent with that of other distributions that you can t with the HISTOGRAM
statement. However, many texts, including Johnson, Kotz, and Balakrishnan (1995), write the density
function of power function distribution as

(
p.x/ D

p x a
= b fora<x<b

ap 1l
b a
0 forx aorx b

The two parameterizations are related as follows:

Db a
D a

Dp
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NoOTE: The family of power function distributions is a subclass of beta distribution with density function

( )

X
p.x/ D hv B.;/ €
0

1
- C_ X~ for <x< C

for x or X C

. €.1€. 1
whereB.;/ D O]

beta distribution apply.

with parameter D 1. Therefore, all properties and estimation procedures of

The range of the power function distribution is bounded below by a threshold paranietarand above by

C D b. If you specify a tted power function curve by using the POWER optiomust be less than the
minimum data value and C  must be greater than the maximum data value. You can speafd with
the THETA= and SIGMA=power-options in parentheses after the keyword POWER. By defauld, 1 and

D 0. If you specify THETA=EST and SIGMA=EST, maximum likelihood estimates are computed for
and . However, three-parameter maximum likelihood estimation does not always converge.

In addition, you can specify with the ALPHA= power-option. By default, the procedure calculates a
maximum likelihood estimate for. For example, to t a power function density curve to a set of data
bounded below by 32 and above by 212 with maximum likelihood estimate, fage the following statement:

histogram Length / power(theta=32 sigma=180);

Rayleigh Distribution
The tted density function is

(
p.x/ D

2— 2
hvi—e X /752 % forx

0 forx <

where

D lower threshold parameter (lower endpoint parameter)
D scale parameter > 0/

h D width of histogram interval

v D vertical scaling factor, and

8
< n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

NOTE: The Rayleigh distribution is a Weibull distribution with density function

( k1
ox/ D hvk x exp. .X—/%/ forx

0 for x <

and with shape paramete= 2 and scale parameterD P 2.

The threshold parametermust be less than the minimum data value. You can speaiiith the THETA=
Rayleigh-option. By default, D 0. In addition you can specify with the SIGMA=Rayleigh-option. By
default, the procedure calculates maximum likelihood estimate.for
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For example, to t a Rayleigh density curve to a set of data bounded below by 32 with maximum likelihood
estimate for , use the following statement:

histogram Length / rayleigh(theta=32);

Johnson Sg Distribution
The tted density function is

8 h g
N \ X X
e N
2
P-X/' D . exp 3 C log.X2—1 for <x< C
' 0 for x orx C
where

D threshold parameterl < < 1/
D scale parameter > 0/
D shape parameter> 0/
D shape parameterl < < 1/
h D width of histogram interval
v D vertical scaling factor, and

8
< n  the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The Sg distribution is bounded below by the parameteand above by the valueC . The parameter
must be less than the minimum data value. You can speaifith the THETA=Sg -option or you can
request that be estimated with the THETA = ES3g -option The default value for is zero. The sum
C must be greater than the maximum data value. The default valueifoone. You can specify with
the SIGMA=Sg -option, or you can request thatbe estimated with the SIGMA = ES3g -option

By default, the method of percentiles given by Slifker and Shapiro (1980) is used to estimate the parameters.
This method is based on four data percentiles, denoted by, x ;, Xz, andxs;, which correspond to the

four equally spaced percentiles of a standard normal distribution, denote@2yy z, z, and3z, under the
transformation

X
C X

The default value ot is 0.524. The results of the t are dependent on the choicg ahd you can specify

other values with the FITINTERVAL= option (speci ed in parentheses after the SB option). If you use the

method of percentiles, you should select a valuetbht corresponds to percentiles which are critical to your
application.

zD C log

The following values are computed from the data percentiles:

m D X3z X
n D X ; X 3
p D X X
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It was demonstrated by Slifker and Shapiro (1980) that

% >1 foranySy distribution
% <1 foranySg distribution

% D 1 foranyS, (lognormal) distribution

A tolerance interval around one is used to discriminate among the three families with this ratio criterion. You
can specify the tolerance with the FITTOLERANCE-= option (speci ed in parentheses after the SB option).

The default tolerance is 0.01. Assuming that the criterion satis es the inequality

mn

— <1 tolerance

p
the parameters of thgg distribution are computed using the explicit formulas derived by Slifker and Shapiro
(1980).

If you specify FITMETHOD = MOMENTS (in parentheses after the SB option) the method of moments is
used to estimate the parameters. If you specify FITMETHOD = MLE (in parentheses after the SB option) the
method of maximum likelihood is used to estimate the parameters. Note that maximum likelihood estimates
may not always exist. Refer to Bowman and Shenton (1983) for discussion of methods for tting Johnson
distributions.

Johnson Sy Distribution
The tted density function is

8
2 4 p 1
< 2 1c.x = 1
2
PX/' D, exp 1 C sinh?! *— for x >
0 for x

where

D location parameterl < < 1/
D scale parameter > 0/
D shape parameter> 0/
D shape parameterl. < < 1/
h D width of histogram interval
v D vertical scaling factor, and

8
<n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

You can specify the parameters with the THETA=, SIGMA=, DELTA=, and GAMM&s-options which
are enclosed in parentheses after the SU option. If you do not specify these parameters, they are estimated.

By default, the method of percentiles given by Slifker and Shapiro (1980) is used to estimate the parameters.
This method is based on four data percentiles, denoted by, x ;, Xz, andxsz, which correspond to the
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four equally spaced percentiles of a standard normal distribution, denote@2yy z, z, and3z, under the
transformation

X
zD C sinh! =

The default value ot is 0.524. The results of the t are dependent on the choice @hd you can specify
other values with the FITINTERVAL= option (speci ed in parentheses after the SU option). If you use the
method of percentiles, you should select a valuetbit corresponds to percentiles which are critical to your
application.

The following values are computed from the data percentiles:

It was demonstrated by Slifker and Shapiro (1980) that

% >1 foranySy distribution
% <1 foranySg distribution
mn

D 1 foranyS, (lognormal) distribution

o
N

A tolerance interval around one is used to discriminate among the three families with this ratio criterion. You
can specify the tolerance with the FITTOLERANCE-= option (speci ed in parentheses after the SU option).
The default tolerance is 0.01. Assuming that the criterion satis es the inequality

mn
— > 1 C tolerance
p

the parameters of thg distribution are computed using the explicit formulas derived by Slifker and Shapiro
(1980).

If you specify FITMETHOD = MOMENTS (in parentheses after the SU option) the method of moments is
used to estimate the parameters. If you specify FITMETHOD = MLE (in parentheses after the SU option) the
method of maximum likelihood is used to estimate the parameters. Note that maximum likelihood estimates
may not always exist. Refer to Bowman and Shenton (1983) for discussion of methods for tting Johnson
distributions.

Weibull Distribution
The tted density function is

chv x_je lexp, .X—/¢ forx >

px/ D 0 for x

where
D threshold parameter
D scale parameter > 0/
¢ D shape parametec > 0/
h D width of histogram interval
v D vertical scaling factor, and
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8
< n the sample size, for VSCALE=COUNT
vD 100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The threshold parametermust be less than the minimum data value. You can speaifith the THRESH-
OLD= Weibull-option By default, D 0. If you specify THETA=EST, a maximum likelihood estimate is
computed for . You can specify andc with the SCALE= and SHAPE¥Veibull-optionsrespectively. By
default, the procedure calculates maximum likelihood estimates &ndc.

The exponential distribution is a special case of the Weibull distribution where.

Kernel Density Estimates

You can use the KERNEL option to superimpose kernel density estimates on histograms. Smoothing the
data distribution with a kernel density estimate can be more effective than using a histogram to examine
features that might be obscured by the choice of histogram bins or sampling variation. A kernel density
estimate can also be more effective than a parametric curve twhen the process distribution is multimodal.
See Example 5.12.

The general form of the kernel density estimator is

1 X X X
~ Ko
n

iD1

fOx/ D

whereKy. / is a kernel function, is the bandwidthn is the sample size, and is theith observation.

The KERNEL option provides three kernel functiois(): normal, quadratic, and triangular. You can specify
the function with the K=kernel-optionin parentheses after the KERNEL option. Values for the K= option
are NORMAL, QUADRATIC, and TRIANGULAR (with aliases of N, Q, and T, respectively). By default, a
normal kernel is used. The formulas for the kernel functions are

Normal  Kg.t/ D plzzexp. $t2 for 1 <t< 1
Quadratic Ko.t/ D 3.1 t%/ forjtj 1
Triangular Ko.t/ D 1 j tj forjtj 1
The value of , referred to as the bandwidth parameter, determines the degree of smoothness in the estimated

density function. You specify indirectly by specifying a standardized bandwidthith the C=kernel-option
If Qis the interquartile range, anmds the sample size, tharis related to by the formula

Dch%

For a speci ¢ kernel function, the discrepancy between the density estififdtot and the true densitfy.x/
is measured by the mean integrated square error (MISE):
z z
MISE./ D fE.fOx// fx/ fdxC var.fOx//dx

X X
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The MISE is the sum of the integrated squared bias and the variance. An approximate mean integrated square
error (AMISE) is

z »Z z

4 12K t/dt £ 00 24yt

AMISE./ D —
t X n

K.t/ 2dt

N

A bandwidth that minimizes AMISE can be derived by treafing as the normal density having parameters

and estimated by the sample mean and standard deviation. If you do not specify a bandwidth parameter
or if you specify C=MISE, the bandwidth that minimizes AMISE is used. The value of AMISE can be used
to compare different density estimates. For each estimate, the bandwidth pam@rietdernel function
type, and the value of AMISE are reported in the SAS log.

The general kernel density estimates assume that the domain of the density to estimate can take on all values
on a real line. However, sometimes the domain of a density is an interval bounded on one or both sides. For
example, if a variable Y is a measurement of only positive values, then the kernel density curve should be
bounded so that it is zero for negative Y values.

The CAPABILITY procedure uses a re ection technique to create the bounded kernel density curve, as
described in Silverman (1986, pp 30-31). It adds the re ections of kernel density that are outside the boundary
to the bounded kernel estimates. The general form of the bounded kernel density estimator is computed by
replacingKo *-*. in the original equation with

X X X X/ C.xi X/ Xu X/ C .xy Xl

Ko C Ko C Ko

wherex; is the lower bound angl, is the upper bound.

Without a lower boundy; D1 andKo Z-X/CXi Xl equals zero. Similarly, without an upper bound,

xy D1 andK, XuXCXxu X! aquals zero.

When C=MISE is used with a bounded kernel density, the CAPABILITY procedure uses a bandwidth that
minimizes the AMISE for its corresponding unbounded kernel.

Printed Output

If you request a tted parametric distribution, printed output summarizing the tis produced in addition to
the graphical display. Figure 5.16 shows the printed output for a tted lognormal distribution requested by
the following statements:

proc capability data=Hang;
spec target=14 [s|=13.95 usl=14.05;
hist / lognormal(indices midpercents);
run;
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Figure 5.16 Sample Summary of Fitted Distribution
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Figure 5.16 continued

The summary is organized into the following parts:

Parameters

Chi-Square Goodness-of-Fit Test
EDF Goodness-of-Fit Tests
Speci cations

Indices Using the Fitted Curve
Histogram Intervals

Quantiles

These parts are described in the sections that follow.

Parameters

This section lists the parameters for the tted curve as well as the estimated mean and estimated standard
deviation. See “Formulas for Fitted Curves” on page 331.

Chi-Square Goodness-of-Fit Test
The chi-square goodness-of- t statistic for a tted parametric distribution is computed as follows:

X' 0 Ei/?
Ej

2D
iD1

where

O; D observed value iith histogram interval
Ei D expected value ifth histogram interval
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m = number of histogram intervals
p = number of estimated parameters

The degrees of freedom for the chi-square testis equal tgp 1. You can save the observed and expected
interval values in the OUTFIT= data set discussed in “Output Data Sets” on page 351.

Note that empty intervals are not combined, and the range of intervals used to corhjpetgins with the
rst interval containing observations and ends with the nal interval containing observations.

EDF Goodness-of-Fit Tests

When you t a parametric distribution, the HISTOGRAM statement provides a series of goodness-of- t
tests based on the empirical distribution function (EDF). The EDF tests offer advantages over the chi-square
goodness-of- t test, including improved power and invariance with respect to the histogram midpoints. For a
thorough discussion, refer to D'Agostino and Stephens (1986).

mon distribution functior- .x/ . Denote the observations ordered from smallest to largestas: ;@ ; X .
The empirical distribution functior;,.x/ , is de ned as

Fn.x/ D 0, x<X.y
Fax/ D &, Xjy X<Xjcy iDZL::5;n 1
Fnx/ D1, X,y X

Note thatF,.x/ is a step function that takes a step of heiéhit each observation. This function estimates
the distribution functior-.x/ . At any valuex, F,.x/ is the proportion of observations less than or equal to
while F .x/ is the probability of an observation less than or equal t&DF statistics measure the discrepancy
betweerF,.x/ andF .x/ .

The computational formulas for the EDF statistics make use of the probability integral transformation
U D F.X/. If F.X/ is the distribution function oKX, the random variabl® is uniformly distributed
between 0 and 1.

as shown in the following sections.

The HISTOGRAM statement provides three EDF tests:

Kolmogorov-Smirnov
Anderson-Darling
Cramér-von Mises

These tests are based on various measures of the discrepancy between the empirical distribution function
Fn.x/ and the proposed parametric cumulative distribution fundtod .

The following sections provide formal de nitions of the EDF statistics.
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Kolmogorov-Smirnov Statistic The Kolmogorov-Smirnov statistic (D) is de ned as

D D supjFn.x/  F.Xx/]
The Kolmogorov-Smirnov statistic belongs to the supremum class of EDF statistics. This class of statistics is
based on the largest vertical difference betwEexf andF,.x/ .

The Kolmogorov-Smirnov statistic is computed as the maximuid ©fandD , whereD € is the largest
vertical distance between the EDF and the distribution function when the EDF is greater than the distribution
function, andD s the largest vertical distance when the EDF is less than the distribution function.

D¢ D max L Uy
D D max U; =2
D D max D¢:D

Anderson-Darling Statistic The Anderson-Darling statistic and the Cramér-von Mises statistic be-

long to the quadratic class of EDF statistics. This class of statistics is based on the squared difference
.Fn.x/  F.x//%. Quadratic statistics have the following general form:

ZCl

QDn Fnxl F.x//? xIdF x/
1

The function .x/ weights the squared differencé,.x/  F.x/ /2.
The Anderson-Darling statistié@) is de ned as
Z ¢y

A2Dn Faxl FEXIIP@x/ .1 Exl/ls *dF.x/
1

Here the weight functionisx/ D ®.x/ .1 F.x//s 1.

The Anderson-Darling statistic is computed as

1 X

A’D n 2i 1l/logU;; C.2nC1 2illog f1 Uy

iD1
Cramér-von Mises Statistic The Cramér-von Mises statistief?) is de ned as
Z ¢y
W2Dn Fnxl  F.x/I?dF.x/
1
Here the weight function isx/ D 1.
The Cramér-von Mises statistic is computed as

X 2i 12 1
W2 D U, Cc ——
A 2n 12n
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Probability Values for EDF Tests Once the EDF test statistics are computed, the associated probability
values p-values) must be calculated.

For the Gumbel, inverse Gaussian, generalized Pareto, and Rayleigh distributions, the procedure computes
associated probability valueg-yalues) by resampling from the estimated distribution. It genekatasdom

samples of sizae, wherek is speci ed by the EDFNSAMPLES= option amds the number of observations

in the original data. EDF test statistics are computed for each sample, anardhee is the proportion of
samples whose EDF statistic is greater than or equal to the statistic computed for the original data. You can
use the EDFSEED= option to specify a seed value for generating the sample values.

For the beta, exponential, gamma, lognormal, normal, power function, and Weibull distributions, the
CAPABILITY procedure uses internal tables of probability levels similar to those given by D'Agostino and
Stephens (1986). If the value is between two probability levels, then linear interpolation is used to estimate
the probability value. The probability value depends upon the parameters that are known and the parameters
that are estimated for the distribution you are tting. Table 5.23 summarizes different combinations of
estimated parameters for which EDF tests are available.

Table 5.23  Availability of EDF Tests

Distribution Parameters Tests Available
Threshold Scale Shape
Beta known known ;. known all
known known ; <5 unknown all
Exponential ~ known, known all
known unknown all
unknown  known all
unknown unknown all
Gamma known known known all
known unknown known all
known known unknown all
known unknown >1 unknown all
unknown known >1 known all
unknown  unknown >1 known all
unknown known >1 unknown all
unknown unknown >1 unknown all
Lognormal known known known all
known known unknown A2 andw?2
known unknown  known A2 andW?2
known unknown unknown all
unknown  known <3 known all
unknown  known < 3 unknown all
unknown unknown <3 known all
unknown unknown <3 unknown all
Normal known known all
known unknown A2 andW?2
unknown  known A2 andw?2

unknown unknown all




Table 5.23 (continued)
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Distribution Parameters Tests Available
Threshold Scale Shape

Weibull known known c known all
known unknown ¢ known A2 andW?2
known known  cunknown A2 andW?2
known unknown ¢ unknown A2 andW?
unknown known c> 2 known all
unknown unknown c¢> 2 known all
unknown known ¢ > 2 unknown all
unknown unknown c¢> 2 unknown all

Speci cations
This section is included in the summary only if you provide speci cation limits, and it tabulates the limits as
well as the observed percentages and estimated percentages outside the limits.

The estimated percentages are computed only if tted distributions are requested and are based on the
probability that an observed value exceeds the speci cation limits, assuming the tted distribution. The
observed percentages are the percents of observations outside the speci cation limits.

Indices Using Fitted Curves

This section is included in the summary only if you specify the INDICES option in parentheses after a
distribution option, as in the statements that produce Figure 5.16. Standard process capability indices, such
asCp andCy , are not appropriate if the data are not normally distributed. The INDICES option computes
generalizations of the standard indices by using the fact that for the normal distrit@itios poth the
distance from the lower 0.135 percentile to the median (or mean) and the distance from the median (or
mean) to the upper 99.865 percentile. These percentiles are estimated from the tted distribution, and the
appropriate percentile-to-median distances are substitute fiorthe standard formulas.

Writing T for the target]. SLandUSL for the lower and upper speci cation limits, afd for the 100 th
percentile, the generalized capability indices are as follows:

Po: LSL
CPLD — 2°
Pos  Po:0o13s
USL Pgs
cPUD —m———
Po:geges  Pos
USL LSL
C, D
Po:goges  Po:00135
. Po: LSL USL Pg.
Cpk D min 05 : 05
Po:s  Po:00135 Po:ggges  Po:s
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$.USLC LSL/ Pgs

KD?2
USL LSL
R T LSL . USL T
min Pos_ Po:00135 ' Poggses Pos
Cpm D —
ic —t

If the data are normally distributed, these formulas reduce to the formulas for the standard capability indices,
which are given in the section “Standard Capability Indices” on page 230.

The following guidelines apply to the use of generalized capability indices requested with the INDICES
option:

When you choose the family of parametric distributions for the tted curve, consider whether an
appropriate family can be derived from assumptions about the process.

Whenever possible, examine the data distribution with a histogram, probability plot, or quantile-quantile
plot.

Apply goodness-of- t tests to assess how well the parametric distribution models the data.

Consider whether a generalized index has a meaningful practical interpretation in your application.

At the time of this writing, there is ongoing research concerning the application of generalized capability
indices, and it is important to note that other approaches can be used with nonnormal data:

Transform the data to normality, then compute and report standard capability indices on the transformed
scale.

Report the proportion of nonconforming output estimated from the tted distribution.

If it is not possible to adequately model the data distribution with a parametric density, smooth the data
distribution with a kernel density estimate and simply report the proportion of nonconforming output.

Refer to Rodriguez and Bynum (1992) for additional discussion.

Histogram Intervals

This section is included in the summary only if you specify the MIDPERCENTS option in parentheses after
the distribution option, as in the statements that produce Figure 5.16. This table lists the interval midpoints
along with the observed and estimated percentages of the observations that lie in the interval. The estimated
percentages are based on the tted distribution.

In addition, you can specify the MIDPERCENTS option to request a table of interval midpoints with the
observed percent of observations that lie in the interval. See the entry for the MIDPERCENTS option on
page 318.
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Quantiles

This table lists observed and estimated quantiles. You can use the PERCENTS= option to specify the list of
guantiles to appear in this list. The list in Figure 5.16 is the default list. See the entry for the PERCENTS=
option on page 323.

Output Data Sets

You can create two output data sets with the HISTOGRAM statement: the OUTFIT= data set and the
OUTHISTOGRAM= data set. These data sets are described in the following sections.

OUTFIT= Data Set

The OUTFIT= data set contains the parameters of tted density curves, information about chi-square and EDF
goodness-of- t tests, speci cation limit information, and capability indices based on the tted distribution.
Because you can specify multiple HISTOGRAM statements with the CAPABILITY procedure, you can
create several OUTFIT= data sets. For each variable plotted with the HISTOGRAM statement, the OUTFIT=
data set contains one observation for each tted distribution requested in the HISTOGRAM statement. If you
use a BY statement, the OUTFIT= data set contains several observations for each BY group (one observation
for each variable and tted density combination). ID variables are not saved in the OUTFIT= data set.

The OUTFIT= data set contains the variables listed in Table 5.24. By default, an OUTFIT= data set contains
_MIDPT1_and_MIDPTN_ variables, whose values identify histogram intervals by their midpoints. When
the ENDPOINTS= or NENDPOINTS option is speci ed, intervals are identi ed by endpoint values instead.
If the RTINCLUDE option is speci ed, the variablesMAXPT1_ and_MAXPTN_ contain upper endpoint
values. Otherwise, the variableBIINPT1_ and_MINPTN_ contain lower endpoint values.

Table 5.24 Variables in the OUTFIT= Data Set

Variable Description

_ADASQ _ Anderson-Darling EDF goodness-of- t statistic

_ADP_ p-value for Anderson-Darling EDF goodness-of- t test

_CHISQ _ chi-square goodness-of- t statistic

_CP_ generalized capability inde®, based on the tted curve

_CPK_ generalized capability inde&, based on the tted curve

_CPL_ generalized capability inde2PL based on the tted curve

_CPM_ generalized capability inde®,, based on the tted curve

_CPU_ generalized capability indePU based on the tted curve

_CURVE_ name of tted distribution (abbreviated to 8 characters)

_CVMWSQ_ Cramer-von Mises EDF goodness-of- t statistic

_CVMP_ p-value for Cramer-von Mises EDF goodness-of- t test

_DF_ degrees of freedom for chi-square goodness-of- t test

_ESTGTR_  estimated percent of population greater than upper speci cation
limit

_ESTLSS_  estimated percent of population less than lower speci cation limit

_ESTSTD_ estimated standard deviation

_EXPECT_  estimated mean

K generalized capability indek based on the tted curve
_KSD_ Kolmogorov-Smirnov EDF goodness-of- t statistic
_KSP_ p-value for Kolmogorov-Smirnov EDF goodness-of- t test
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Table 5.24 (continued)

Variable

Description

_LOCATN_

_LSL_
_MAXPTL_

_MAXPTN_

_MIDPTL_
_MIDPTN_

_MINPTL_
_MINPTN_

_OBSGTR_
_OBSLSS_

_PCHISQ_
_SCALE_

_SHAPE1_

location parameter for tted distribution. For the Gumbel, inverse
Gaussian, and normal distributions, this is either the value of
speci ed with the MU= option or the value estimated by the proce-
dure. For all other distributions, this is either the value speci ed or
estimated according to the THETA= option, or zero.

lower speci cation limit

upper endpoint of rst interval used to calculate the value of the
chi-square statistic.

upper endpoint of last interval used to calculate the value of the
chi-square statistic.

midpoint of rst interval used to calculate the value of the chi-
square statistic. This is the leftmost interval that contains at least
one value of the variable.

midpoint of last interval used to calculate the value of the chi-square
statistic. This is the rightmost interval that contains at least one
value of the variable.

lower endpoint of rst interval used to calculate the value of the
chi-square statistic.

lower endpoint of last interval used to calculate the value of the
chi-square statistic.

observed percent of data greater than upper speci cation limit
observed percent of data less than the lower speci cation limit
p-value for chi-square goodness-of- t test

value of scale parameter for tted distribution. For the lognormal
distribution, this is the value of speci ed or estimated according

to the ZETA= option. For all other distributions, this is the value
speci ed or estimated according to the SIGMA= option.

value of shape parameter for tted distribution. For the beta,
gamma, generalized Pareto, and power function distributions, this
is the value of , either speci ed with the ALPHA= option or esti-
mated by the procedure. For the lognormal distribution, this is the
value of , either speci ed with the SIGMA= option or estimated
by the procedure. For the Weibull distribution, this is the value of
c, either speci ed with the C= option or estimated by the proce-
dure. For the Johnsd® andSy distributions, this is the value

of , either speci ed with the DELTA= option or estimated by the
procedure. For distributions without a shape parameter (Gumbel,
normal, exponential, and Rayleigh distributionsSJHAPE1_ is set

to missing.
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Table 5.24 (continued)

Variable Description

_SHAPE2_  value of shape parameter for tted distribution. For the beta dis-
tribution, this is the value of , either speci ed with the BETA=
option or estimated by the procedure. For the Johr&prand
Sy distributions, this is the value of, either speci ed with the
GAMMA= option or estimated by the procedure. For all other
distributions, SHAPE2_ is set to missing.

_TARGET_  target value

_USL_ upper speci cation limit
_VAR_ variable name
_WIDTH_ width of histogram interval

OUTHISTOGRAM= Data Set

The OUTHISTOGRAM= data set contains information about histogram intervals. Because you can specify
multiple HISTOGRAM statements with the CAPABILITY procedure, you can create multiple OUTHIS-
TOGRAM= data sets.

The data set contains a group of observations for each variable plotted with the HISTOGRAM statement.
The group contains an observation for each interval of the histogram, beginning with the leftmost interval

that contains a value of the variable and ending with the rightmost interval that contains a value of the

variable. These intervals will not necessarily coincide with the intervals displayed in the histogram because
the histogram may be padded with empty intervals at either end. If you superimpose one or more tted

curves on the histogram, the OUTHISTOGRAM= data set contains multiple groups of observations for each

variable (one group for each curve). If you use a BY statement, the OUTHISTOGRAM= data set contains

groups of observations for each BY group. ID variables are not saved in the OUTHISTOGRAM= data set.

The OUTHISTOGRAM= data set contains the variables listed in Table 5.25. By default, an OUTHIS-
TOGRAM= data set contains theMIDPT_ variable, whose values identify histogram intervals by their
midpoints. When the ENDPOINTS= or NENDPOINTS option is speci ed, intervals are identi ed by
endpoint values instead. If the RTINCLUDE option is speci ed, tiAXPT_ variable contains an interval's
upper endpoint value. Otherwise, thdINPT_ variable contains the interval's lower endpoint value.

Table 5.25 Variables in the OUTHISTOGRAM= Data Set

Variable Description

_COUNT_  number of variable values in histogram interval

_CURVE_  name of tted distribution (if requested in HISTOGRAM statement)

_EXPPCT_ estimated percent of population in histogram interval determined
from optional tted distribution

_MAXPT_  upper endpoint of histogram interval

_MIDPT_ midpoint of histogram interval

_MINPT_ lower endpoint of histogram interval

_OBSPCT_ percent of variable values in histogram interval

_VAR_ variable name
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OUTKERNEL= Output Data Set

An OUTKERNEL-= data set contains information about kernel density estimates requested with the KERNEL
option. Because you can specify multiple HISTOGRAM statements with the CAPABILITY procedure, you
can create multiple OUTKERNEL= data sets.

An OUTKERNEL= data set contains a group of observations for each kernel density estimate requested
with the HISTOGRAM statement. These observations span a range of analysis variable values recorded
in the _VALUE_ variable. The procedure determines the increment between values, and therefore the
number of observations in the group. The variadENSITY_ contains the kernel density calculated for the
corresponding analysis variable value.

When a density curve is overlaid on a histogram, the curve is scaled so that the area under the curve equals the
total area of the histogram bars. The scaled density values are saved in the vazfableT_, PERCENT_,

or _PROPORTION_, depending on the histogram's vertical axis scale, determined by the VSCALE= option.
Only one of these variables appears in a given OUTKERNEL= data set.

Table 5.26 lists the variables in an OUTKERNEL= data set.

Table 5.26 Variables in the OUTKERNEL= Data Set

Variable Description

_C_ standardized bandwidth parameter

_COUNT _ kernel density scaled for VSCALE=COUNT
_DENSITY_ kernel density

_PERCENT_ kernel density scaled for VSCALE=PERCENT (default)
_PROPORTION_  kernel density scaled for VSCALE=PROPORTION
_TYPE_ kernel function

_VALUE_ variable value at which kernel function is calculated

_VAR_ variable name
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ODS Tables

The following table summarizes the ODS tables related to tted distributions that you can request with the
HISTOGRAM statement.

Table 5.27 ODS Tables Produced with the HISTOGRAM Statement

Table Name Description Option

Bins histogram bins MIDPERCENTS suboption with
any distribution option, such as
NORMAL( MIDPERCENTS)

Fitindices capability indices computed INDICES suboption with any dis-
from tted distribution tribution option, such as LOG-
NORMAL( INDICES)
FitQuantiles quantiles of tted distribution any distribution option such as
NORMAL
GoodnessOfFit goodness-of- t tests for tted any distribution option such as
distribution NORMAL
ParameterEstimates parameter estimates for ttedany distribution option such as
distribution NORMAL
Speci cations percents outside speci cationany distribution option such as

limits based on empirical and NORMAL
tted distributions

ODS Graphics

Before you create ODS Graphics output, ODS Graphics must be enabled (for example, by using the ODS
GRAPHICS ON statement). For more information about enabling and disabling ODS Graphics, see the
section “Enabling and Disabling ODS Graphics” (ChapterAS/STAT User's Guijle

The appearance of a graph produced with ODS Graphics is determined by the style associated with the ODS
destination where the graph is produced. HISTOGRAM options used to control the appearance of traditional
graphics are ignored for ODS Graphics output.

When ODS Graphics is in effect, the HISTOGRAM statement assigns a name to the graph it creates. You
can use this name to reference the graph when using ODS. The name is listed in Table 5.28.

Table 5.28 ODS Graphics Produced by the HISTOGRAM Statement

ODS Graph Name Plot Description

Histogram histogram

See Chapter 3, “SAS/QC Graphics,” for more information about ODS Graphics and other methods for
producing charts.
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SYMBOL and PATTERN Statement Options

In earlier releases of SAS/QC software, graphical features (such as colors and line types) of speci cation
lines, histogram bars, and tted curves were controlled with options in SYMBOL and PATTERN statements
when producing traditional graphics. These options are still supported, although they have been superseded
by options in the HISTOGRAM and SPEC statements. The following tables summarize the two sets of
options.NOTE: These statements have no effect on ODS Graphics output.

Table 5.29 Graphical Enhancement of Histogram Outlines and Speci cation Lines

Statement Alternative Statement
Feature and Options and Options
Outline of Histogram Bars HISTOGRAM Statement SYMBOL1 Statement
color CBARLINE=color C=color
width W=value
Target Reference Line SPEC Statement SYMBOL1 Statement
position TARGETwalue
color CTARGET=olor C=color
line type LTARGET4inetype L=linetype
width WTARGET=value W=value
Lower Speci cation Line SPEC Statement SYMBOL?2 Statement
position LSL=value
color CLSL=color C=color
line type LLSLdinetype L=linetype
width WLSL=value W=value
Upper Speci cation Line SPEC Statement SYMBOL3 Statement
position USL=alue
color CUSL=olor C=color
line type LUSL4inetype L=linetype
width WUSL=value W=value

Table 5.30 Graphical Enhancement of Areas Under Histograms and Curves

Statement Alternative Statement
Area Under Histogram or Curve and Options and Options
Histogram or Curve HISTOGRAM Statement PATTERNL1 Statement
pattern PFILLpattern V=pattern
color CFILL=color C=color
Left of Lower Speci cation Limit ~ SPEC Statement PATTERN2 Statement
pattern PLEFTpattern V=pattern
color CLEFT=color C=color
Right of Upper Speci cation Limit SPEC Statement PATTERN3 Statement
pattern PRIGHTpattern VV=pattern

color CRIGHT=olor C=color
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Table 5.31 Graphical Enhancement of Fitted Curves
Statement Alternative Statement
Feature and Options and Options
Normal Curve Normal-options SYMBOL4 Statement
color COLOR=olor C=color
line type Linetype L=linetype
width W=value W=value
Lognormal Curve Lognormal-options SYMBOLS5 Statement
color COLOR=olor C=color
line type Ldinetype L=linetype
width W=value W=value
Exponential Curve Exponential-options SYMBOLG6 Statement
color COLOR=olor C=color
line type Linetype L=linetype
width W=value W=value
Weibull Curve Weibull-options SYMBOL7 Statement
color COLOR=olor C=color
line type Ldinetype L=linetype
width W=value W=value
Gamma Curve Gamma-options SYMBOLS Statement
color COLOR=olor C=color
line type Ldinetype L=linetype
width W=value W=value
Beta Curve Beta-options SYMBOL9 Statement
color COLOR=olor C=color
line type Linetype L=linetype
width W=value W=value
Johnsorg Curve Sg -options SYMBOL10 Statement
color COLOR=olor C=color
line type Ldinetype L=linetype
width W=value W=value
Johnsory Curve Sy -options SYMBOL11 Statement
color COLOR=olor C=color
line type Ldinetype L=linetype
width W=value W=value
Rayleigh Curve Rayleigh-options SYMBOL12 Statement
color COLOR=olor C=color
line type Linetype L=linetype
width W=value W=value
Generalized Pareto Curve Pareto-options SYMBOL13 Statement
color COLOR=olor C=color
line type Linetype L=linetype
width W=value W=value
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Table 5.31 (continued)

Statement Alternative Statement
Feature and Options and Options
Gumbel Curve Gumbel-options SYMBOL14 Statement
color COLOR=olor C=color
line type L=linetype
width W=value W=value
Power Function Curve Power-options SYMBOL15 Statement
color COLOR=olor C=color
line type L=linetype
width W=value W=value
Inverse Gaussian Curve IGauss-options SYMBOL16 Statement
color COLOR=olor C=color
line type L=linetype
width W=value W=value

Examples: HISTOGRAM Statement

This section provides advanced examples of the HISTOGRAM statement.

Example 5.8: Fitting a Beta Curve

NOTE: SeeFitting a Beta Curve on a Histograin the SAS/QC Sample Library.

You can use a beta distribution to model the distribution of a quantity that is known to vary between lower

and upper bounds. In this example, a manufacturing company uses a robotic arm to attach hinges on metal
sheets. The attachment point should be offset 10.1 mm from the left edge of the sheet. The actual offset
varies between 10.0 and 10.5 mm due to variation in the arm. Offsets for 50 attachment points are saved in

the following data set:



Example 5.8: Fitting a Beta Curve F 359

data Measures;

input Length @@;

label Length = Attachment Point Offset in mm;

datalines;
10.147 10.070 10.032 10.042 10.102
10.034 10.143 10.278 10.114 10.127
10.122 10.018 10.271 10.293 10.136
10.240 10.205 10.186 10.186 10.080
10.158 10.114 10.018 10.201 10.065
10.061 10.133 10.153 10.201 10.109
10.122 10.139 10.090 10.136 10.066
10.074 10.175 10.052 10.059 10.077
10.211 10.122 10.031 10.322 10.187
10.094 10.067 10.094 10.051 10.174

The following statements create a histogram with a tted beta density curve:

ods graphics off;
legend2 frame cframe=ligr cborder=black position=center;
tittel Fitted Beta Distribution of Offsets ;
proc capability data=Measures;
specs usl=10.25 lusl=20 cusl=salmon cright=yellow pright=solid;
histogram Length /
beta(theta=10 scale=0.5 color=blue fill)

cfill = ywh

cframe = ligr

href = 10
hreflabel = Lower Bound
lhref =2

legend = legend2
vaxis = axisl;

axisl label=(a=90 r=0);
inset n = Sample Size
beta(pchisq = P-Value) / pos=ne cfill=ywh;
run;

The histogram is shown in Output 5.8.1. The THETBeta-optionspeci es the lower threshold. The
SCALE=Dbeta-optionspeci es the range between the lower threshold and the upper threshold (in this case,
0.5 mm). Note that in general, the default THETA= and SCALE= values are zero and one, respectively.
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Output 5.8.1 Superimposing a Histogram with a Fitted Beta Curve

The FILL beta-optionspeci es that the area under the curve is to be lled with the CFILL= color. (If FILL
were omitted, the CFILL= color would be used to Il the histogram bars instead.) The CRIGHT= option in
the SPEC statement speci es the color under the curve to the right of the upper speci cation limit. If the
CRIGHT= option were not speci ed, the entire area under the curve would be lled with the CFILL= color.
When a lower speci cation limit is available, you can use the CLEFT= option in the SPEC statement to
specify the color under the curve to the left of this limit.

The HREF= option draws a reference line at the lower bound, and the HREFLABEL= option adds the label
Lower Bound The option LHREF=2 speci es a dashed line type. The INSET statement adds an inset with
the sample size and thpevalue for a chi-square goodness-of- t test.

In addition to displaying the beta curve, the BETA option summarizes the curve t, as shown in Output 5.8.2.
The output tabulates the parameters for the curve, the chi-square goodness-of- t tespwhbseis shown

in Output 5.8.1, the observed and estimated percents above the upper speci cation limit, and the observed
and estimated quantiles. For instance, based on the beta model, the percent of offsets greater than the upper
speci cation limit is 6.6%. For computational details, see the section “Formulas for Fitted Curves” on
page 331.
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Output 5.8.2 Summary of Fitted Beta Distribution

Example 5.9: Fitting Lognormal, Weibull, and Gamma Curves
NOTE: SeeSuperimposing Fitted Curves on a Histogramthe SAS/QC Sample Library.

To nd an appropriate model for a process distribution, you should consider curves from several distribution
families. As shown in this example, you can use the HISTOGRAM statement to t more than one type of

distribution and display the density curves on the same histogram.
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The gap between two plates is measured (in cm) for each of 50 welded assemblies selected at random from
the output of a welding process assumed to be in statistical control. The lower and upper speci cation limits
for the gap are 0.3 cm and 0.8 cm, respectively. The measurements are saved in a data selasned

data Plates;

label Gap=Plate Gap in cm;

input Gap @Q@;

datalines;
0.746 0.357 0.376 0.327 0.485 1.741 0.241 0.777 0.768 0.409
0.252 0.512 0.534 1.656 0.742 0.378 0.714 1.121 0.597 0.231
0.541 0.805 0.682 0.418 0.506 0.501 0.247 0.922 0.880 0.344
0.519 1.302 0.275 0.601 0.388 0.450 0.845 0.319 0.486 0.529
1.547 0.690 0.676 0.314 0.736 0.643 0.483 0.352 0.636 1.080

The following statements t three distributions (lognormal, Weibull, and gamma) and display their density
curves on a single histogram:

ods graphics on;
proc capability data=Plates;
var Gap;
specs Isl = 0.3 usl = 0.8;
histogram /
midpoints=0.2 to 1.8 by 0.2
lognormal
weibull
gamma
nospeclegend;
inset n mean(5.3) std=Std Dev (5.3) skewness(5.3)
/ pos = ne header = Summary Statistics ;
run;

The LOGNORMAL, WEIBULL, and GAMMA options superimpose tted curves on the histogram in
Output 5.9.1. Note that a threshold paramet&r 0 is assumed for each curve. In applications where the
threshold is not zero, you can specifywith the THETA= option.
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Output 5.9.1 Superimposing a Histogram with Fitted Curves

The LOGNORMAL, WEIBULL, and GAMMA options also produce the summaries for the tted distributions
shown in Output 5.9.2, Output 5.9.3, and Output 5.9.4.

Output 5.9.2 Summary of Fitted Lognormal Distribution
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