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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 asCp andCpk

� 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.

� quantile-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 quantile-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/GRAPH® is licensed.

� 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 analysis orprocessvariables. 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.1

� 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

� quantiles 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

NOTE : SeeComputing Summary Stats and Capability Indicesin the 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 namedCans.

data Cans;
label Weight = "Fluid Weight (ounces)";
input Weight @@;
datalines;

12.07 12.02 12.00 12.01 11.98 11.96 12.04 12.05 12.01 11.97
12.03 12.03 12.00 12.04 11.96 12.02 12.06 12.00 12.02 11.91
12.05 11.98 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 11.98 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 11.99 11.95 11.99 11.99 11.96 11.94 12.03 12.09 12.03
11.99 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 11.97 12.05 11.94 11.99 12.02
11.95 11.99 11.91 12.06 12.03 12.06 12.05 12.04 12.03 11.98
12.05 12.05 12.11 11.96 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.

title �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 forWeight are shown in Figure 5.1. For instance, the average weight (labeledMean)
is 12.0093. The Shapiro-Wilk test statistic labeledW is 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.
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Figure 5.1 Descriptive Statistics
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Figure 5.1 continued

Computing Capability Indices

NOTE : SeeComputing Summary Stats and Capability Indicesin the 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 lsl=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 labeledSpeci�cation Limitslists the speci�cation limits and target value, together with
the percents of observations outside and between the limits. The table labeledProcess Capability Indices
lists estimates for the standard process capability indicesCp , CPL , CP U, Cpk , andCpm , along with 95%
con�dence limits. The indexCpm 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 labeledFrequency Countsin
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 > < keyword1=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 discussion inSAS Language Reference: Concepts.
For more information about the DATASETS procedure, see the discussion in theBase SAS 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
n is the value of the FREQ variable for a given observation, then that observation is usedn times. 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 valueswi of the WEIGHT variable to modify the computation of a number
of summary statistics by assuming that the variance of theith valueX i of the analysis variable is equal to
� 2=wi , 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/STAT® procedures, such as PROC GLM,
exclude negative and zero weights by default.

When you specify a WEIGHT variable, the procedure uses its values,wi , to compute weighted versions of
the statistics provided in theMomentstable. For example, the procedure computes a weighted meanX w and
a weighted variances2

w asX w D
P

i w i x iP
i w i

ands2
w D 1

d

P
i wi .x i � X w /2 wherexi 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 usingX w andsw 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 weightswi are 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 alloptions. See the section “Dictionary of Options” on page 201 for detailed
information.

Summary of Options
Table 5.2 lists all the PROC CAPABILITYoptions 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(index)= 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 ofn lowest,n highest observations
NEXTRVAL= requests table ofn 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

capability indices in tabular form
Hypothesis Testing Options
MU0= speci�es mean for null hypothesis in tests for location
LOCCOUNT requests table of counts used in sign test and signed rank test
NORMALTEST performs tests for normality
Robust Estimation Options
ROBUSTSCALE requests table of robust measures of scale
TRIMMED=(trimmed-
options)

requests table of trimmed means

WINSORIZED=(Winsorized-
options)

requests table of Winsorized means

TRIMMED-Options
ALPHA= speci�es con�dence level
TYPE= speci�es type of con�dence limit
WINSORIZED-Options
ALPHA= speci�es con�dence level
TYPE= speci�es type of con�dence limit
Capability Index Options
CPMA= (obsolete) speci�esa for Cpm(a)
CHECKINDICES requests test of normality in conjunction with standard indices
SPECIALINDICES requests table of specialized indices including Boyles'Cpm ,

Cj kp , Cpmk , Cpm .a/ , and Wright'sCs

CHECKINDICES-Options
ALPHA= speci�es cutoff probability forp-values for test for normality

used in conjunction with process capability indices
TEST= speci�es test for normality (Shapiro-Wilk, Kolmogorov-

Smirnov, Anderson-Darling, Cramér-von Mises, or no test)
Con�dence Limit Options
ALPHA= speci�es level for all con�dence limits
CIBASIC requests con�dence limits for the mean, standard deviation,

variance
CIINDICES speci�es level and type of con�dence limits for capability

indices
CIPCTLDF requests distribution-free con�dence limits for percentiles
CIPCTLNORMAL requests con�dence limits for percentiles assuming normality
CIPROBEX requests con�dence limits for the probability of exceeding

speci�cations
CIBASIC-Options
ALPHA= speci�es con�dence level
TYPE= 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 theoptions 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 limits is.1 � value/100. For example, ALPHA=0.10 results
in 90% con�dence limits. The defaultvalue 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 table ofBasic Con�dence Limitsat
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 Indicestable. 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.
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proc capability data=Process;
var p2;
specs lsl=10

usl=275;
run;

Figure 5.3 Warning Message Printed with Capability Indices

ALPHA= value
speci�es the cutoff probability forp-values for a test for normality used in conjunction with
process capability indices. Thevalue 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 Indicestable. 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 limits is.1 � value/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, wherekeywordis 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 limits is.1 � value/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, wherekeywordis 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�c 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 limits is.1 � value/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, wherekeywordis 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
noncentralt 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 limits is.1 � value/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, wherekeywordis LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.

CIPROBEX< (TYPE=keyword >< ALPHA= value >)
requests con�dence limits forP rŒX� LSL• andP rŒX� USL•, 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 thatX is normally distributed, is described in Section 4.5 of Hahn and Meeker
(1991) and uses the noncentralt 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 limits is.1 � value/100.
For example, ALPHA=0.10 requests 90% con�dence limits. The default value is 0.05.
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TYPE=keyword
speci�es the type of con�dence limit, wherekeywordis LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.

CPMA=value
speci�es thevalue of the parametera 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, whereindex is a number ranging from
1 to 11, andstring is a character or hexadecimal string. This option is ignored unless you specify the
LINEPRINTER option in the PROC CAPABILITY statement.

The index identi�es which features are controlled with thestring characters, as discussed in the table
that follows. If you specify the FORMCHAR= option omitting theindex , 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.
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The features associated with values ofindexare 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.

MU0=value(s)

LOCATION=value(s)
speci�es the value of the mean or location parameter (� o) in the null hypothesis for the tests summarized
in the table labeledTests for Location: Mu0=value. If 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 labeledExtreme Observations. The table
lists then lowest observations and then highest observations. The default value is 5. The value ofn
must be an integer between 0 and half the number of observations. You can specify NEXTROBS=0 to
suppress the table.

NEXTRVAL=n
requests the table labeledExtreme Valuesand speci�es the number of extreme values in the table. The
table lists then lowest unique values and then highest unique values. The value ofn must be an integer
between 0 and half the maximum number of observations. By default,n = 0 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 ofTests for Normalityfor each of the analysis variables. The table provides test
statistics andp-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 value ofindexcan 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 median (MAD), and two statistics proposed
by Rousseeuw and Croux (1993),Qn , andSn . 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 storage.Valuesmust be
greater than 0 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 includek, Boyles' modi�ed
Cpm (also denoted asCpm C), Cj kp , Cpm .a/ , Cp .5:15/, Cpk .5:15/, Cpmk , Wright's Cs, Boyles'
Sj kp , Cpp , C

00

pp , Cpg , Cpq , CW
p , CW

pk , CW
pm , Cpc , and Vännmann'sCp .u; v/ andCp .v/ .

You can provide values for the parametersa for Cpm .a/ , u andv for Cp .u; v/ andCp .v/ , and for the

 multiplier for Cs by specifying the following options in parentheses after theSPECIALINDICES
option.

CPMA=value
speci�es thevalue of the parametera for the capability indexCpm .a/ described in Section 3.7
of Kotz and Johnson (1993). Thevalue must be positive. The defaultvalue 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 parameteru for Vännmann's capability indexCp .u; v/ . Thevalue must
be greater than or equal to zero. The defaultvalue is zero.

CPV=value
speci�es thevalue of the parameterv for Vännmann's capability indicesCp .u; v/ andCp .v/ .
Thevalue must be greater than or equal to zero. The defaultvalue 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 defaultvalue 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.



208 F Chapter 5: The CAPABILITY Procedure

TRIMMED=values(s) < (TYPE=keyword >< ALPHA= value >)
requests a table of trimmed means, where eachvalue speci�es the number or the proportion of trimmed
observations. If thevalue is the numbern of trimmed observations,n must be between 0 and half the
number of nonmissing observations. If thevalue is a proportionp between 0 and 0.5, the number of
observations trimmed is the smallest integer greater than or equal tonp, wheren is the number of
observations. To obtain con�dence limits for the mean and the studentt-test, 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 percent is.1 � 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, wherekeyword 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 (
P

i wi / � 1

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

WINSOR=values(s) < (< TYPE=keyword > < ALPHA= value >) >
requests a table of winsorized means, where eachvalue speci�es the number or the proportion of
winsorized observations. If thevalue is the numbern of winsorized observations,n must be between
0 and half the number of nonmissing observations. If thevalue is a proportionp between 0 and 0.5,
the number of observations winsorized is the smallest integer greater than or equal tonp, wheren is
the number of observations. To obtain con�dence limits for the mean and the studentt-test, you 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 percent is.1 � 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, wherekeyword is LOWER, UPPER, or TWOSIDED. The
default value is TWOSIDED.
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CLASS Statement

CLASS variable-1 < (v-options) > < variable-2 < (v-options) > >
< / KEYLEVEL= value1 | (value1 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 asCLASS variables. CLASS 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 followingv-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 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.

FORMATTED 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 �rst in
the input data set. For numeric variables without an explicit format, the levels are
ordered by their internal values.

FREQ 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 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
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 | ( value1 value2 )
speci�es thekey cellsin 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, KEYLEVEL=valueidenti�es the
key cell as the level for which the CLASS variable is equal tovalue. 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= (value1 value2)to identify the key cell as the
level for which CLASS variablen 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 �ll 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 �ll 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 �ll area right of upper speci�cation limit (histograms

only)
CUSL= color of upper speci�cation limit line
LUSL= line type of upper speci�cation limit line
PRIGHT= pattern type used to �ll 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 thecolor used to �ll the area under a histogram to the left of the lower speci�cation limit.
You can specify the CLEFT option without an argument to �ll 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 thecolor used to �ll the area under a histogram to the right of the upper speci�cation
limit. You can specify the CRIGHT option without an argument to �ll 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 �ll 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 �ll.

PRIGHT=pattern
speci�es the pattern used to �ll 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 �ll.

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 QQPLOT statements. The default character is `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.



Details: CAPABILITY Procedure F 215

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 ignored. 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 values to _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 �ll area left of LSL (histograms only)

_CLSL_ color of LSL line

_CRIGHT_ color used to �ll 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 �ll area left of LSL (histograms only)

_PRIGHT_ pattern type used to �ll 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
In the 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�c 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 indexCp

_CPLCL_ Lower con�dence limit forCp

_CPUCL_ Upper con�dence limit forCp

_CPK_ Capability indexCpk
_CPKLCL_ Lower con�dence limit forCpk
_CPKUCL_ Upper con�dence limit forCpk
_CPL_ Capability indexCPL
_CPLLCL_ Lower con�dence limit forCPL
_CPLUCL_ Upper con�dence limit forCPL
_CPM_ Capability indexCpm

_CPMLCL_ Lower con�dence limit forCpm

_CPMUCL_ Upper con�dence limit forCpm

_CPU_ Capability indexCP U
_CPULCL_ Lower con�dence limit forCP U
_CPUUCL_ Upper con�dence limit forCP U
_CSS_ 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)
_QN_ Qn (see “Robust Estimates of Scale” on page 228)
_QRANGE_ Interquartile range (upper quartile minus lower quartile)
_RANGE_ Range
_SGNRNK_ Centered sign rank
_SKEW_ Skewness
_SN_ Sn (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_ Sn 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 variables_CP_, _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 set2 contain 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 Variablesin the SAS/QC Sample Library.

For example, suppose you have ten process variables (P1-P10). The following statements create an OUT-
TABLE= data set namedTable, 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 lsl=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 indexCpk for each process variable:

proc print data=Table label noobs;
var _VAR_ _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 software, seeBase SAS Procedures
Guide.

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

Mean
The sample mean is calculated as

P n
i D 1 wi xiP n

i D 1 wi
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wheren is the number of nonmissing values for a variable,xi is theith value of the variable, andwi is the
weight associated with theith value of the variable. If there is no WEIGHT= variable, the formula reduces to
1
n

P n
i D 1 xi .

Sum
The sum is calculated as

P n
i D 1 wi xi , wheren is the number of nonmissing values for a variable,xi is the

ith value of the variable, andwi is the weight associated with theith value of the variable. If there is no
WEIGHT= variable, the formula reduces to

P n
i D 1 xi .

Sum of the Weights
The sum of the weights is calculated as

P n
i D 1 wi , wheren is the number of nonmissing values for a variable

andwi is the weight associated with theith value of the variable. If there is no WEIGHT= variable, the sum
of the weights isn.

Variance
The variance is calculated as

1
d

nX

i D 1

wi .x i � NXw /2

wheren is the number of nonmissing values for a variable,xi is theith value of the variable,NXw is the
weighted mean,wi is the weight associated with theith value of the variable, andd is the divisor controlled
by the VARDEF= option in the PROC CAPABILITY statement. If there is no WEIGHT= variable, the
formula reduces to

1
d

nX

i D 1

.x i � NXw /2

Standard Deviation
The standard deviation is calculated as

vu
u
t 1

d

nX

i D 1

wi .x i � NXw /2

wheren is the number of nonmissing values for a variable,xi is theith value of the variable,NXw is the
weighted mean,wi is the weight associated with theith value of the variable, andd is the divisor controlled
by the VARDEF= option in the PROC CAPABILITY statement. If there is no WEIGHT= variable, the
formula reduces to

vu
u
t 1

d

nX

i D 1

.x i � NXw /2
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Skewness
The sample skewness is calculated as

n
.n � 1/.n � 2/

nX

i D 1

 
xi � NX

s

! 3

wheren is the number of nonmissing values for a variable and must be greater than 2,xi is theith value of
the variable, NX is the sample average, ands is the sample standard deviation.

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

estimates the theoretical skewness
p

� 1 D � 3�
� 3

2
2 , where� 2 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/
.n � 1/.n � 2/.n � 3/

nX

i D 1

 
xi � NX

s

! 4

�
3.n � 1/2

.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� 2 � 3, where� 2 D � 4

� 2
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

C V D
100� s

NX

Geometric Mean
The geometric mean is calculated as

 
nY

i D 1

wi xi

! 1=
P n

i D 1 w i

wheren is the number of nonmissing values for a variable,xi is theith value of the variable, andwi is the
weight associated with theith value of the variable.

If there is no WEIGHT variable, the formula reduces to

 
nY

i D 1

xi

! 1=n

If any xi is negative, the geometric mean is set to missing.



222 F Chapter 5: The CAPABILITY Procedure

Signed Rank Statistic

The signed rank statisticSis computed as

S D
X

i Wx i >� 0

r C
i �

n.n C 1/
4

wherer C
i is the rank ofjxi � � 0 j after discarding values ofxi D � 0, andn is the number ofxi values not

equal to� 0. Average ranks are used for tied values.

If n � 20, the signi�cance ofS is computed from the exact distribution ofS, where the distribution is a
convolution of scaled binomial distributions. Whenn > 20, the signi�cance ofSis computed by treating

S

r
n � 1

nV � S2

as a Studentt variate withn � 1 degrees of freedom. V is computed as

V D
1
24

n.n C 1/.2n C 1/ �
1
48

X
ti .t i C 1/.t i � 1/

where the sum is over groups tied in absolute value and whereti is the number of values in theith group
(Iman 1974, Conover 1980). The null hypothesis tested is that the mean (or median) is� 0, assuming 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 labeledTests for Normality, include 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 labeledProcess 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 statisticW (also denoted as
Wn to emphasize its dependence on the sample sizen). The statisticWn 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. Whenn is greater 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 statisticWn is
always greater than zero and less than or equal to one.0 < W � 1/.

Small values ofW lead to rejection of the null hypothesis. The method for computing thep-value (the
probability of obtaining aW statistic less than or equal to the observed value) depends onn. For n = 3,
the probability distribution ofW is known and is used to determine thep-value. Forn > 4, a normalizing
transformation is computed:

Z n D
�

. � log.
 � log.1 � Wn // � �/=� if 4 � n � 11

. log.1 � Wn / � �/=� if 12 � n � 2000

The values of� , 
 , and� are functions ofn obtained from simulation results. Large values ofZ n indicate
departure from normality, and because the statisticZ n has an approximately standard normal distribution,
this distribution is used to determine thep-values forn > 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).

The empirical distribution function is de�ned for a set ofn independent observationsX1; : : : ; Xn with a
common distribution functionF .x/ . Under the null hypothesis,F .x/ is the normal distribution. Denote the
observations ordered from smallest to largest asX .1/ ; : : : ; X .n/ . The empirical distribution function,Fn .x/ ,
is de�ned as

Fn .x/ D

8
<

:

0; x < X .1/
i
n ; X .i / � x < X .i C 1/ ; i D 1; : : : ; n � 1
1; X.n/ � x

Note thatFn .x/ is a step function that takes a step of height1
n at each observation. This function estimates

the distribution functionF .x/ . At any valuex, Fn .x/ is the proportion of observations less than or equal tox,
while F .x/ is the probability of an observation less than or equal tox. EDF statistics measure the discrepancy
betweenFn .x/ andF .x/ .

The EDF tests make use of the probability integral transformationU D F.X/ . If F .X/ is the distribution
function of X, the random variableU is uniformly distributed between 0 and 1. Givenn observations
X .1/ ; : : : ; X .n/ , the valuesU.i / D F.X .i / / are computed. These values are used to compute the EDF test
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 supx jFn .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 betweenF .x/ andFn .x/ .

The Kolmogorov-Smirnov statistic is computed as the maximum ofD C andD � , whereD C 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 C D maxi

�
i
n � U.i /

�

D � D maxi

�
U.i / � i � 1

n

�

D D max
�
D C ; D �

�

PROC CAPABILITY uses a modi�ed KolmogorovD 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 difference.Fn .x/ � F .x/ /2. Quadratic statistics
have the following general form:

Q D n
Z C1

�1
.Fn .x/ � F .x/ /2  .x/dF .x/

The function .x/ weights the squared difference.Fn .x/ � F .x/ /2.

The Anderson-Darling statistic (A2) is de�ned as

A2 D n
Z C1

�1
.Fn .x/ � F .x/ /2 ŒF.x/ .1 � F .x/ /•� 1 dF .x/

Here the weight function is .x/ D ŒF.x/ .1 � F .x/ /•� 1.

The Anderson-Darling statistic is computed as

A2 D � n �
1
n

nX

i D 1

�
.2i � 1/ logU.i / C .2n C 1 � 2i / log

�
f1 � U.i /

��

Cramér-von Mises Test
The Cramér-von Mises statistic (W2) is de�ned as

W2 D n
Z C1

�1
.Fn .x/ � F .x/ /2 dF .x/

Here the weight function is .x/ D 1.

The Cramér-von Mises statistic is computed as

W2 D
nX

i D 1

�
U.i / �

2i � 1
2n

� 2

C
1

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= option. Letn be
the number of nonmissing values for a variable, and letx1; x2; : : : ; xn represent the ordered values of the
variable. Let thetth percentile bey, setp D t

100 , and let

np D j C g when PCTLDEF=1, 2, 3, or 5
.n C 1/p D j C g when PCTLDEF=4

wherej is the integer part ofnp, andg is the fractional part ofnp. Then the PCTLDEF= option de�nes the
tth percentile,y, as described in the following table:

PCTLDEF= Description Formula

1 weighted average atxnp y D .1 � g/x j C gx j C 1

wherex0 is taken to bex1

2 observation numbered
closest tonp

y D xi if g ¤ 1
2

y D xj if g D 1
2 andj is even

y D xj C 1 if g D 1
2 andj is odd

wherei is the integer part ofnp C 1
2

3 empirical distribution function
y D xj if g D 0
y D xj C 1 if g > 0

4 weighted average aimed y D .1 � g/x j C gx j C 1

at x.n C 1/p wherexnC 1 is taken to bexn

5 empirical distribution function
with averaging

y D 1
2 .x j C xj C 1/ if g D 0

y D xj C 1 if g > 0

Weighted Percentiles
When you use a WEIGHT statement, the percentiles are computed differently. The 100pth weighted percentile
y is computed from the empirical distribution function with averaging

y D

8
<̂

:̂

x1 if w1 > pW
1
2 .x i C xi C 1/ if

P i
j D 1 wj D pW

xi C 1 if
P i

j D 1 wj < pW <
P i C 1

j D 1 wj

wherewi is the weight associated withxi , and whereW D
P n

i D 1 wi 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-sided100.1� �/ % con�dence limits for the100p-th percentile are

lower limit D NX � g0.�=2 I 1 � p; n/s

upper limit D NX � g0.1 � �=2 I p; n/s

wheren is the sample size. When0:5 � p < 1:0 , the two-sided100.1 � �/ % con�dence limits for the
100p-th percentile are

lower limit D NX C g0.�=2 I 1 � p; n/s

upper limit D NX C g0.1 � �=2 I p; n/s

One-sided100.1� �/ % con�dence bounds are computed by replacing�=2 by � in the appropriate preceding
equation. The factorg0.
; p; n/ is related to the noncentralt distribution 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-sided100.1� �/ % con�dence limits for the100p-th
percentile are

lower limit D X .l /

upper limit D X .u/

whereX .j / is thejth order statistic when the data values are arranged in increasing order:

X .1/ � X .2/ � : : : � X .n/

The lower rankl and upper ranku are integers that are symmetric (or nearly symmetric) aroundbnpc C 1
wherebnpc is the integer part ofnp, and wheren is the sample size. Furthermore,l andu are chosen so that
X .l / andX .u/ are as close toXbnp cC 1 as possible while satisfying the coverage probability requirement

Q.u � 1I n; p/ � Q.l � 1I n; p/ � 1 � �

whereQ.k I n; p/ is the cumulative binomial probability

Q.k I n; p/ D
kX

i D 0

�
n
i

�
p i .1 � p/ n� i

In some cases, the coverage requirement cannot be met, particularly whenn is small 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 ), a one-sided100.1� �/ % lower con�dence bound is computed
asX l , wherel is the largest integer that satis�es the inequality

1 � Q.l � 1I n; p/ � 1 � �



Details: CAPABILITY Procedure F 227

with 0 < l � n. Likewise, if you specify CIPCTLDF( TYPE = UPPER ), a one-sided100.1� �/ % lower
con�dence bound is computed asX l , wherel is the largest integer that satis�es the inequality

Q.u � 1I n; p/ � 1 � �

where0 < 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

Nxwk D
1
n

0

@.k C 1/x .k C 1/ C
n� k � 1X

i D k C 2

x.i / C .k C 1/x .n � k/

1

A

wheren is the number of observations, andx.i / is theith order statistic when the observations are arranged in
increasing order:

x.1/ � x.2/ � : : : � x.n/

The Winsorized mean is the mean computed after replacing thek smallest observations with the (k + 1)st
smallest observation, and thek largest observations with the (k + 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

s2
wk D .k C 1/.x .k C 1/ � Nxwk /2 C

n� k � 1X

i D k C 2

.x .i / � Nxwk /2 C .k C 1/.x .n � k/ � Nxwk /2

A Winsorizedt test is given by

twk D
Nxwk � � 0

STDERR. Nxwk /

where the standard error of the Winsorized mean is

STDERR. Nxwk / D
n � 1

n � 2k � 1
swkp

n.n � 1/

When the data are from a symmetric distribution, the distribution oftwk is approximated by a Student'st
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

Nxwk � t1� �=2 STDERR. Nxwk /

wheret1� �=2 is the.1 � �=2/100th percentile of the Student'st distribution 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

Nxtk D
1

n � 2k

n� kX

i D k C 1

x.i /

wheren is the number of observations, andx.i / is theith order statistic when the observations are arranged in
increasing order:

x.1/ � x.2/ � : : : � x.n/

The trimmed mean is the mean computed after thek smallest observations and thek largest 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 meanttk can be obtained from the Winsorized sum of
squared deviations; refer to Tukey and McLaughlin (1963). the corresponding trimmedt test is given by

ttk D
Nxtk � � 0

STDERR. Nxtk /

where the standard error of the trimmed mean is

STDERR. Nxtk / D
stkp

.n � 2k/.n � 2k � 1/

andswk is the square root of the Winsorized sum of squared deviations.

When the data are from a symmetric distribution, the distribution ofttk is approximated by a Student'st
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

Nxtk � t1� �=2 STDERR. Nxtk /

wheret1� �=2 is the.1 � �=2/100th percentile of the Student'st distribution 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 differenceG, the median absolute deviation about the median
(MAD), Qn , andSn . 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

G D
1

�
n
2

�
X

i<j

jxi � xj j

For a normal population, the expected value ofG is 2�=
p

� . ThusG
p

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 medi . jxi � medj .x j / j/

where the inner median,medj .x j / , is the median of then observations, and the outer median (taken overi)
is the median of then 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 �rst is

Sn D 1:1926medi .medj . jxi � xj j//

where the outer median (taken overi) is the median of then medians ofjxi � xj j, j D 1; 2; : : : ; n. To
reduce small-sample bias,csnSn is used to estimate� , wherecsn is a correction factor; refer to Croux and
Rousseeuw (1992).

The second statistic is

Qn D 2:2219fj xi � xj jI i < j g.k/

where

k D
�

h
2

�

andh D Œn=2•C 1. In other words,Qn is 2.2219 times thekth order statistic of the
�

n
2

�
distances between

the data points. The bias-corrected statisticcqnQn is used to estimate� , wherecqn 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 labeledBasic Statistical 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 (such as anNX andRchart)
before capability indices such as

Cpk D min
�

USL � �
3�

;
LSL � �

3�

�

are computed. The control chart analysis yields estimates for the process mean� and standard deviation� ,
which are based on subgrouped data and can be used to estimateCpk . In particular,� can be estimated by

sR D NR=d2

rather than the ungrouped sample standard deviation

s D
1

n � 1

s X

i D 1

n.x i � Nx/=2

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

Some industry manuals distinguish these two approaches. For instance, the ASQC/AIAG manualFundamen-
tal Process Controluses the notationCpk for the estimate based onsR , and it uses the notationPpk for the
estimate based ons. However, assuming that the process is in control and only common cause variation is
present, bothsR ands are estimates of the same parameter� , and so there is fundamentally no difference in
the two approaches2.

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 ofs is 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, Cpk , andCpm .

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

bCp D
USL � LSL

6s

2Statistically,s is a more ef�cient estimator of� thansR .
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whereUSLis the upper speci�cation limit,LSLis the lower speci�cation limit, ands is 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, thenCp is assigned a missing value.

The interpretation ofCp 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” ifCp < 1

� “adequate” if1 � Cp � 1:33, but requiring close control asCp approaches 1

� “more than adequate” ifCp > 1:33

Montgomery (1996) recommends minimum values ofCp as

� 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 forCp (denoted by LCL and UCL) are computed
using percentiles of the chi-square distribution, as indicated by the following equations:

lower limit D OCp

q
� 2

�=2;n � 1=.n � 1/

upper limit D OCp

q
� 2

1� �=2;n � 1=.n � 1/

Here,� 2
�;� denotes the lower100� th percentile of the chi-square distribution with� degrees 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 indexCPL is estimated as

bCPL D
NX � LSL

3s

where NX is the sample mean,LSLis the lower speci�cation limit, ands is the sample standard deviation. If
you do not specify the lower speci�cation limit in the SPEC statement or the SPEC= data set, thenCPL is
assigned a missing value.
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Montgomery (1996) refers toCPL 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 forCPL are computed using a generalization of the
method of Chou, Owen, and Borrego (1990), who point out that the100.1� �/ lower con�dence limit for
CPL (denoted by CPLLCL )satis�es the equation

PrfTn� 1.� D 3
p

n/ CPLLCL � 3CPL
p

ng D 1 � �

whereTn� 1.�/ has a non-centralt distribution 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 indexCPU is estimated as

1CPU D
USL � NX

3s

whereUSLis the upper speci�cation limit,NX is the sample mean, ands is the sample standard deviation. If
you do not specify the upper speci�cation limit in the SPEC statement or the SPEC= data set, thenCPU is
assigned a missing value.

Montgomery (1996) refers toCPU 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 previously forCPL.

Exact100.1� �/ % lower and upper con�dence limits forCPU are computed using a generalization of the
method of Chou, Owen, and Borrego (1990), who point out that the100.1� �/ lower con�dence limit for
CPU (denoted by CPULCL )satis�es the equation

PrfTn� 1.� D 3
p

n CPULCL � 3CPU
p

ng D 1 � �

whereTn� 1.�/ has a non-centralt distribution 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 indexCpk is de�ned as

Cpk D
1

3�
min.USL � �; � � LSL/ D min.CPU ; CPL/
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Note that the indicesCpk , Cp , andk are related asCpk D Cp .1 � k/ . The CAPABILITY procedure
estimatesCpk as

bCpk D
1
3s

� min.USL � NX; NX � LSL/ D min.CPU ; CPL/

whereUSLis the upper speci�cation limit,LSLis the lower speci�cation limit, NX is the sample mean, ands
is the sample standard deviation.

If you specify only the upper limit in the SPEC statement or the SPEC= data set, thenCpk is computed
asCPU, and if you specify only the lower limit in the SPEC statement or the SPEC= data set, thenCpk is
computed asCPL.

Bissell (1990) derived approximate two-sided 95% con�dence limits forCpk by assuming that the distribution
of bCpk is normal. Using Bissell's approach, 100.1 � �/ % lower and upper con�dence limits can be computed
as

lower limit D bCpk

"

1 � ˆ � 1.1 � �=2/

s
1

9nbC2
pk

C
1

2.n � 1/

#

upper limit D bCpk

"

1 C ˆ � 1.1 � �=2/

s
1

9nbC2
pk

C
1

2.n � 1/

#

whereˆ 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 indexCpm is intended to account for deviation from the targetT in addition to
variability from the mean. This index is often de�ned as

Cpm D
USL � LSL

6
p

� 2 C .� � T /2

A closely related version ofCpm is the index

C �
pm D

min .USL � T; T � LSL/

3
p

� 2 C .� � T /2
D

d � j T � mj

3
p

� 2 C .� � T /2

whered D .USL � LSL/=2 andm D .USL C LSL/=2. If T D m, thenCpm D C �
pm . 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 estimator ofCpm as

bCpm D
min.USL � T; T � LSL/

3
p

s2 C . NX � T /2

wheres is the sample standard deviation.

If you specify only a single speci�cation limitSLin the SPEC statement or the SPEC= data set, thenCpm is
estimated as

bCpm D
jT � SLj

3
p

s2 C . NX � T /2

Boyles (1991) proposed a slightly modi�ed point estimate forCpm computed as

eCpm D
.USL � LSL/=2

3
q

. n� 1
n /s2 C . NX � T /2

Boyles also suggested approximate two-sided 100.1 � �/ % con�dence limits forCpm , which are computed
as

lower limit D eCpm

q
� 2

�=2;� =�

upper limit D eCpm

q
� 2

1� �=2;� =�

Here� 2
�;� denotes the lower100� th percentile of the chi-square distribution with� degrees of freedom,

where� equals

n.1 C . NX � T
s /2/

1 C 2. NX � T
s /2

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 indexk (also denoted byK) is computed as

k D
2jm � NX j

USL � LSL

wherem D 1
2 .USL C LSL/ is the midpoint of the speci�cation limits,NX is the sample mean,USLis the

upper speci�cation limit, andLSLis the lower speci�cation limit.

The formula fork used here is given by Kane (1986). Note thatk is sometimes computed without taking the
absolute value ofm � NX in 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 set, thenk is
assigned a missing value.

Boyles' Index CC
pm

Boyles (1992) proposed the process capability indexCC
pm which is de�ned as

CC
pm D

1
3

"
EX<T

�
.X � T /2

�

.T � LSL/2 C
EX>T

�
.X � T /2

�

.USL � T /2

# � 1=2

He proposed this index as a modi�cation ofCpm for use when� ¤ T . The quantities

EX<T
�
.X � T /2�

D E
�
.X � T /2 jX < T

�
P r ŒX < T •

and

EX>T
�
.X � T /2�

D E
�
.X � T /2 jX > T

�
P r ŒX > T •

are referred to as semivariances. Kotz and Johnson (1993) point out that ifT D .LSL C USL/=2, then
CC

pm D Cpm .

Kotz and Johnson (1993) suggest that a natural estimator forCC
pm is

bCC
pm D

1
3

2

4 1
n

( P
X i <T .X i � T /2

.T � LSL/2 C

P
X i >T .X i � T /2

.USL � T /2

) � 1=2
3

5

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

The Index Cj kp

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 targetT. They de�ned this index as

Cj kp D
1

3
p

2
min

 
USL � T

p
EX>T Œ.X� T /2•

;
T � LSL

p
EX<T Œ.X� T /2•

!

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

bC j kp D
1

3
p

2
min

0

B
@

USL � T
q P

X i >T .X i � T /2=n
;

T � LSL
q P

X i <T .X i � T /2=n

1

C
A

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

The Indices Cpm .a/
The class of capability indicesCpm .a/ , indexed by the parametera (a > 0) allows �exibility in choosing
between the relative importance of variability and deviation of the mean from the target valueT.

The class de�ned as

Cpm .a/ D .1 � a� 2/Cp

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

Cpm � .1 �
1
2

� 2/Cp

A natural estimator ofCpm .a/ is

d
3s

bCpm .a/ D

8
<

:
1 � a

 
NX � T

s

! 2
9
=

;

whered D .USL � LSL/=2. You can specify the value ofa with the SPECIALINDICES(CPMA=) option in
the PROC CAPABILITY statement. By default,a = 0.5.

This index is not recommended for situation in which the targetT is 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/

Johnsonet al. (1992) suggest the class of process capability indices de�ned as

Cp.� / D
USL � LSL

� �

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

Cp.5:15/ D
USL � LSL

5:15�

which is estimated as

bCp.5:15/ D
USL � LSL

5:15s

For details, refer to Section 4.3.2 of Kotz and Johnson (1993).
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The Index Cpk.5:15/

Similarly, Kotz and Johnson (1993) recommend use of the robust capability index

Cpk.5:15/ D
d � j � � .USL C LSL/=2j

2:575�

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

bCpk.5:15/ D
d � j NX � .USL C LSL/=2j

2:575s

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

The Index Cpmk

Pearn, Kotz, and Johnson (1992) proposed the indexCpmk

Cpmk D
.USL � LSL/=2 � j � � mj

3
p

� 2 C .� � T /2

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

bCpmk D
.USL � LSL/=2 � j NX � mj

3
q

. n� 1
n /s2 C . NX � T /2

wherem D .USL C LSL/=2.

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

Wright's Index Cs

Wright (1995) de�nes the capability index

Cs D
min .USL � �; � � LSL/

3
p

� 2 C .� � T /2 C � 3=�

where� 3 D E.X � �/ 3.

A natural estimator ofCs is

bCs D
.USL � LSL/=2 � j NX � mj

3
q � n� 1

n

�
s2 C . NX � T /2 C j c4s2b3 j

wherec4 is an unbiasing constant for the sample standard deviation, andb3 is a measure of skewness. Wright
(1995) shows thatCs compares favorably withCpmk even when skewness is not present, and he advocates
the use ofCs for monitoring near-normal processes when loss of capability typically leads to asymmetry.

Chen and Kotz (1996) proposed a modi�cation to Wright'sCs index which introduces a multiplier,
 > 0 ,
and is estimated as

bCs D
.USL � LSL/=2 � j NX � mj

3
q � n� 1

n

�
s2 C . NX � T /2 C 
 jc4s2b3 j

If you specify a value for
 with theSPECIALINDICES(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 Sj kp

Boyles (1994) proposed a smooth version ofCj kp de�ned as

Sj kp D S

 
USL � T

p
2EX>T Œ.X� T /2•

;
T � LSL

p
2EX<T Œ.X� T /2•

!

The CAPABILITY procedure estimatesSj kp as

bSj kp D S

0

B
@

USL � T
q

2
P

X i >T .X i � T /2=n
;

T � LSL
q

2
P

X i <T .X i � T /2=n

1

C
A

whereS.x; y/ D ˆ � 1Œfˆ.x/ C ˆ.y/ g=2•=3.

The Index Cpp

Chen (1998) devised a process incapability index based on theC �
pm index. The �rst term measuresinaccuracy

and the second measuresimprecision. TheCpp index is estimated as

bCpp D

 
NX � T
d � =3

! 2

C
�

s
d � =3

� 2

whered � D min.USL � T; T � LSL/.

The Index C
00

pp
The indexCpp does not handle asymmetric tolerances well, as discussed by Kotz and Lovelace (1998). To
address that shortcoming, Chen (1998) de�ned the indexC

00

pp , which is estimated by

bC
00

pp D

 
bA

d � =3

! 2

C
�

s
d � =3

�

where

bA D max

(
. NX � T /d
T � LSL

;
.T � NX/d
USL � T

)

andd D .USL � LSL/=2.
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The Index Cpg

Marcucci and Beazley (1988) de�ned the index

Cpg D
1

C2
pm

which is estimated as

bCpg D
1

bC2
pm

The Index Cpq

Gupta and Kotz (1997) introduced the indexCpq , which is estimated by

bCpq D bCp

2

4 1 �
1
2

 
NX � T

s

! 2
3

5

The Index CW
p

Bai and Choi (1997) de�ned the index

CW
p D

Cpp
1 C j 1 � 2Px j

wherePx D Pr.X � �/ . It is estimated by

bCW
p D

bCpq
1 C j 1 � 2bP x j

wherebP x is the fraction of observations less than or equal toNX . For more information aboutCW
p , see Kotz

and Lovelace (1998).

The Index CW
pk

Bai and Choi (1997) also proposed the index

CW
pk D min

(
USL � �

3�
p

2Px
;

� � LSL

3�
p

2.1 � Px /

)
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It is estimated by

bCW
pk D min

8
<̂

:̂

USL � NX

3s
q

2bP x

;
NX � LSL

3s
q

2.1 � bP x /

9
>=

>;

wherebP x is the fraction of observations less than or equal toNX . For more information aboutCW
pk , see Kotz

and Lovelace (1998).

The Index CW
pm

The indexCW
pm , also introduced by Bai and Choi (1997), is de�ned as

CW
pm D

Cpmp
1 C j 1 � 2PT j

wherePT D Pr.X � T /. It is estimated by

bCW
pm D

bCpmq
1 C j 1 � 2bP T j

wherebP T is the fraction of observations less than or equal toT. For more information aboutCW
pm , see Kotz

and Lovelace (1998).

The Index Cpc

Luceño (1996) proposed the index

Cpc D
USL � LSL

6
q

�
2 E jX � M j

whereM D .USL C LSL/=2. It is estimated by

bCpc D
USL � LSL

6
q

�
2 c

where

c D
1
n

nX

i D 1

jX i � M j
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Vännmann's Index Cp .u; v/
Vännmann (1995) introduced the generalized indexCp .u; v/ , which reduces to the following capability
indices given appropriate choices ofu andv:

� Cp .0; 0/ D Cp

� Cp .0; 1/ D Cpk

� Cp .1; 0/ D Cpm

� Cp .1; 1/ D Cpmk

Cp .u; v/ is de�ned as

Cp .u; v/ D
d � uj � � M j

3
p

� 2 C v. � � T /2

and estimated by

bCp .u; v/ D
d � uj NX � M j

3
q

. n� 1
n /s2 C v. NX � T /2

You can specifyu with theSPECIALINDICES(CPU=)option andv with theSPECIALINDICES(CPV=)
option. By default,u = 0 andv = 4.

Vännmann's Index Cp .v/
Vännmann (1997) also proposed the indexCp .v/ , which is equivalent toCp .u; v/ with u = 1. It is estimated
as

bCp .v/ D
d � j NX � M j

3
q

. n� 1
n /s2 C v. NX � T /2

You can specifyv with the SPECIALINDICES(CPV=) option. By default,v = 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

BasicIntervals con�dence intervals for mean, standard
deviation, variance

CIBASIC

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 rank
test

LOCCOUNTS

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
exceeding speci�cations

CIPROBEX

Indices standard capability indices default
SpecialIndices specialized capability indices SPECIALINDICES
Speci�cations percents outside speci�cation limits based

on empirical
default

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

INDICES suboption with any
distribution option, such as
LOGNORMAL(INDICES)

FitQuantiles quantiles of �tted
distribution

any distribution option such as
NORMAL

GoodnessOfFit goodness-of-�t tests for
�tted distribution

any distribution option such as
NORMAL

ParameterEstimates parameter estimates for
�tted distribution

any distribution option such as
NORMAL

Speci�cations percents outside
speci�cation limits based
on empirical and �tted
distributions

any distribution option such as
NORMAL

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

Intervals1 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 Setin the 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 named
Cweight, and both variables are saved in a data set calledCan2. 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 namedLimits containing speci�cation limits for the �uid weight
and the can weight.Limits has 4 variables (_VAR_, _LSL_, _USL_, and_TARGET_) and 2 observations. The
�rst observation contains the speci�cation limit information for the variableWeight, and the second contains
the speci�cation limit information for the variableCweight.

data Limits;
length _var_ $8;
_var_ = �Weight�;
_lsl_ = 11.95;
_target_ = 12;
_usl_ = 12.05;
output;
_var_ = �Cweight�;
_lsl_ = 0.90;
_target_ = 1;
_usl_ = 1.10;
output;

run;

The following statements read the speci�cation information from theLimits 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 forCweight.

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

var Cweight;
run;
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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 Limitsin the 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;

4.54 4.87 4.66 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
4.57 4.16 5.73 3.64 5.48 4.95 4.57 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
4.95 5.57 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 data setAmps to create a histogram that
demonstrates some of these options:

ods graphics off;
legend2 FRAME CFRAME=ligr CBORDER=black POSITION=center;
title �Boosting Power of Telephone Amplifiers�;
proc capability data=Amps;

spec target = 5 lsl = 4 usl = 6
ltarget = 2 llsl = 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 �ll the area to the left of the lower speci�cation limit. Similarly,
the CRIGHT= option controls the color used to �ll 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 Cpmin the SAS/QC Sample Library.

In this example, the capability indexCpk is computed for the ampli�cation data inAmps. To examine the
accuracy of this estimate, the following statements calculate a 90% con�dence interval forCpk , then display
the interval on a histogram (shown in Output 5.3.1) with the INSET statement:

title �Boosting Power of Telephone Amplifiers�;
proc capability data=Amps noprint alpha=0.10;

var Decibels;
spec target = 5 lsl = 4 usl = 6

ltarget = 2 llsl = 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 onCpk 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 Cpk

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 lsl = 4 usl = 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 function (cdf) of a variable, de�ned as

FN .x/ D percent of nonmissing values� x

D
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 1

N at each value ofx 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/GRAPH® is licensed.

� 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 Curvein the 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 set namedCord,
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
;

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

spec lsl=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 namedsteel contains exactly three numeric variables,length, 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 forlength and a cdf plot forwidth:

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

run;

The following statements create a cdf plot forwidth:

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 label isCumulative Percent, and 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.



254 F Chapter 5: The CAPABILITY Procedure

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(iGauss-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�

PARETO(Pareto-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 parameterc

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, and thenormal-optionsMU= and SIGMA= specify
the parameters� D 10 and� D 0:5 for 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 parameter� for beta distribution function
SIGMA= speci�es scale parameter� for beta distribution function
THETA= speci�es lower threshold parameter� for beta distribution function
Exponential-Options
SIGMA= speci�es scale parameter� for exponential distribution function
THETA= speci�es threshold parameter� for exponential distribution function
Gamma-Options
ALPHA= speci�es shape parameter� for gamma distribution function
ALPHADELTA= speci�es change in successive estimates of� at which the Newton-

Raphson approximation ofO� terminates
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 parameter� for gamma distribution function
THETA= speci�es threshold parameter� for gamma distribution function
Gumbel-Options
MU= speci�es location parameter� for Gumbel distribution function
SIGMA= speci�es scale parameter� for Gumbel distribution function
IGauss-Options
LAMBDA= speci�es shape parameter� for inverse Gaussian distribution func-

tion
MU= speci�es mean� for inverse Gaussian distribution function
Lognormal-Options
SIGMA= speci�es shape parameter� for lognormal distribution function
THETA= speci�es threshold parameter� for lognormal distribution function
ZETA= speci�es scale parameter� for 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 parameter� for generalized Pareto distribution

function
SIGMA= speci�es scale parameter� for generalized Pareto distribution func-

tion
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Table 5.10 (continued)

Option Description

THETA= speci�es threshold parameter� for generalized Pareto distribution
function

Power-Options
ALPHA= speci�es shape parameter� for power function distribution
SIGMA= speci�es scale parameter� for power function distribution
THETA= speci�es threshold parameter� for power function distribution
Rayleigh-Options
SIGMA= speci�es scale parameter� for Rayleigh distribution function
THETA= speci�es threshold parameter� for Rayleigh distribution function
Weibull-Options
C= speci�es shape parameterc for Weibull distribution function
CDELTA= speci�es change in successive estimates ofc at which the Newton-

Raphson approximation ofOc terminates
CINITIAL= speci�es initial value forc in the Newton-Raphson approximation

of Oc
MAXITER= speci�es maximum number of iterations in the Newton-Raphson

approximation ofOc
SIGMA= speci�es scale parameter� for Weibull distribution function
THETA= speci�es threshold parameter� for Weibull distribution function

General Options

Table 5.11 General CDFPLOT Statement Options

Option Description

General Plot Layout Options
CONTENTS= speci�es table of contents entry for cdf plot grouping
HREF= speci�es reference lines perpendicular to the horizontal axis
HREFLABELS= speci�es labels for HREF= lines
NOCDFLEGEND suppresses legend for superimposed theoretical cdf
NOECDF suppresses plot of empirical (observed) distribution function
NOFRAME suppresses frame around plotting area
NOLEGEND suppresses legend
NOSPECLEGEND suppresses speci�cations legend
VREF= speci�es reference lines perpendicular to the vertical axis
VREFLABELS= speci�es labels for VREF= lines
VSCALE= speci�es scale for vertical axis
Graphics Options
ANNOTATE= speci�es annotate data set
CAXIS= speci�es color for axis
CFRAME= speci�es color for frame
CHREF= speci�es colors for HREF= lines
CSTATREF= 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 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
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
ODSFOOTNOTE2= 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 �lling 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)
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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�c 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 parameter� for 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

F .x/ D

8
<

:

0 for x � �
I x � �

�
.�; �/ for � < x < � C �

1 for x � � C �

whereI y .�; �/ is the 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 parameter� and above by the value� C � . You can
specify� and� by using the THETA= and SIGMA=beta-options, as illustrated in the following
statements, which �t a beta distribution bounded between 50 and 75. The default values for� and�
are 0 and 1, respectively.

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

run;

The beta distribution has two shape parameters,� and� . If these parameters are known, you can
specify their values with the ALPHA= and BETA=beta-options. If 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 parameter� for beta distribution functions requested by the BETA option.
Enclose the BETA= option in parentheses after the BETA keyword. If you do not specify a value for� ,
the procedure calculates a maximum likelihood estimate. For examples, see the preceding entry for the
BETA option.

C=value
speci�es the shape parameterc for Weibull distribution functions requested with the WEIBULL option.
Enclose the C= option in parentheses after the WEIBULL keyword. If you do not specify a value forc,
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 cdf is

F .x/ D

(
0 for x � �

1 � exp
�
� x � �

�

�
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 specify� with 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 for� . For example, the
following statements �t an exponential distribution with� D 10and a maximum likelihood estimate
for � :

proc capability;
cdfplot / exponential(theta=10 l=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

F .x/ D

(
0 for x � �

1
€.�/�

Rx
�

�
t � �

�

� � � 1
exp

�
� t � �

�

�
dt for x > �



260 F Chapter 5: The CAPABILITY Procedure

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 parameter� and a scale parameter� . You can specify these parameters with the ALPHA=
and SIGMA=gamma-options. By default, maximum likelihood estimates are computed for� and� .
For example, the following statements �t a gamma distribution function with� D 4 and maximum
likelihood estimates for� and� :

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

run;

Note that the maximum likelihood estimate of� is calculated iteratively using the Newton-Raphson
approximation. Thegamma-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

F .x/ D exp
�
� e� .x � �/=�

�

where

� D location parameter
� D scale parameter.� > 0/

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

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

F .x/ D ˆ

( r
�
x

�
x
�

� 1
� )

C e2�=� ˆ

(

�

r
�
x

�
x
�

C 1
� )

whereˆ. �/ is the standard normal cumulative distribution function, and

� D mean parameter.� > 0/
� D shape parameter.� > 0/
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You can specify known values for� and� with the MU= and LAMBDA= iGauss-options. By default,
maximum likelihood estimates are computed for� and� .

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 parameter� for 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

F .x/ D

(
0 for x � �

ˆ
�

log.x � � / � �
�

�
for x > �

whereˆ. �/ 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 parameter� and a scale parameter� . You can specify these parameters with
the SIGMA= and ZETA=lognormal-options. By default, maximum likelihood estimates are computed
for � and� . For example, the following statements �t a lognormal distribution function with� D 10
and maximum likelihood estimates for� and� :

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 value of� is the 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

F .x/ D ˆ
� x � �

�

�
for �1 < x < 1

whereˆ. �/ is the standard normal cumulative distribution function, and

� D mean
� D standard deviation.� > 0/

You can specify known values for� and� 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 calculated for� and� . 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

F .x/ D 1 �
�

1 �
�.x � � /

�

� 1
�

where

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



Syntax: CDFPLOT Statement F 263

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 parameter� and a scale parameter� . You can specify
these parameters with the ALPHA= and SIGMA=Pareto-options. By default, maximum likelihood
estimates are computed for� and� .

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

F .x/ D

8
<̂

:̂

0 for x � ��
x � �

�

� �
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 parameter� and above by the value� C � .
You can specify� and� by using the THETA= and SIGMA=power-options. The default values for�
and� are 0 and 1, respectively.

You can specify a value for the shape parameter,� , with 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 cdf is

F .x/ D 1 � e� .x � � / 2 =.2� 2 /

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= Speci�es 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 parameter� for 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 default is PERCENT.

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

F .x/ D

(
0 for x � �

1 � exp
�
�

�
x � �

�

� c �
for x > �

where

� D threshold parameter
� D scale parameter.� > 0/
c D shape parameter.c > 0/



Details: CDFPLOT Statement F 265

The parameter� must be less than the minimum data value. You can specify� with 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 C=Weibull-options.
By default, maximum likelihood estimates are computed forc and� . For example, the following
statements �t a Weibull distribution function with� D 15 and maximum likelihood estimates for�
andc:

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

run;

Note that the maximum likelihood estimate ofc is calculated iteratively using the Newton-Raphson
approximation. TheWeibull-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 parameter� for 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” (Chapter 21,SAS/STAT User's Guide).

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

CDFPlot cumulative distribution function plot

See Chapter 3, “SAS/QC Graphics,” for more information about ODS Graphics and other methods for
producing charts.



266 F Chapter 5: The CAPABILITY Procedure

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 Curvein the 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 data setCord is given in Figure 5.5, and
the plot is shown in Output 5.4.1.

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

spec lsl=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 Curvein the 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 lsl=6.8 usl=7.2;
cdf Strength / vref = 5 95

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, however, isalsobelow the
intersection between the upper speci�cation limit line and the 95% line, implying thatmorethan 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/GRAPH® is licensed.

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

NOTE : SeeComparative Histograms with Normal Curvesin the 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 variableLength in a SAS data set namedChannel:

data Channel;
length Lot $ 16;
input Length @@;
select;

when (_n_ <= 425) Lot=�Lot 1�;
when (_n_ >= 926) Lot=�Lot 3�;
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

... more lines ...

2.13 2.05 1.90 2.07 2.15 1.96 2.15 1.89 2.15 2.04
1.95 1.93 2.22 1.74 1.91
;

The data setChannel 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 usesLot as a classi�cation variable. The following statements
create the comparative histogram shown in Figure 5.6:

title "Comparative Analysis of Lot Source";
proc capability data=Channel noprint;

specs lsl = 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 variableLength. 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 Curvesin the 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�c level of the classi�cation variable are referred to as acell). The
normal parameters� and� are estimated from the data for each lot, and the curves are superimposed on
each component histogram.

title "Comparative Analysis of Lot Source";
proc capability data=Channel noprint;

specs lsl = 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 astiles. 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 least onevariableand either one or twoclass-variables
(also referred to asclassi�cation variables). The COMPHISTOGRAM statement displays a component
histogram of the values of thevariablefor each level of theclass-variables. The observations in a given level
are referred to as acell.
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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 listed asclass-variables. If 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 namedsteel contains two process variables namedlength andwidth,
a numeric classi�cation variable namedlot, and a character classi�cation variable namedday. The
following statements create two comparative histograms, one forlength and one forWidth:

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

run;

Likewise, the following statements create comparative histograms forlength andwidth:

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

run;

The following statements create three comparative histograms (forlength, width, andlot):

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

run;

The following statements create a comparative histogram forWidth 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 forwidth by using the classi�cation variablelot:

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

run;
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The following statements create a two-way comparative histogram forwidth classi�ed bylot andday:

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

run;

Note that the parentheses surrounding theclass-variablesare 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 parameterc for kernel den-
sity estimate

COLOR= speci�es color of the kernel density curve
FILL �lls area under kernel density curve
K= speci�es NORMAL, TRIANGULAR, or QUADRATIC kernel
L= 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 �lls area under normal curve
L= speci�es line type of normal curve
MU= speci�es mean� for �tted normal curve
SIGMA= speci�es standard deviation� for �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 l=2);
run;

The COLOR=normal-optiondraws the curve in red, and the L=normal-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= speci�es classi�cation variables
CLASSKEY= speci�es key cell
MISSING1 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 range ofvaluestandard devia-

tions above and below mean of data in key cell
MIDPOINTS= speci�es how midpoints are determined
NCOLS= speci�es number 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= speci�es label displayed when_CTILE_ and_TILELG_ variables

are provided in the CLASSSPEC= data set
TURNVLABELS turns and strings out vertically characters in vertical axis labels
VAXIS= speci�es tick mark values for vertical axis
VAXISLABEL= speci�es label for vertical axis
VOFFSET= speci�es length of offset at upper end of vertical axis
VSCALE= speci�es scale for vertical axis
WAXIS= speci�es line thickness for axes and frame
WGRID= 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 �lling 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 �ll 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�c 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 parameterc for kernel density estimates requested with the
KERNEL option. You can specify up to �vevaluesto 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(c = 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(c = 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=(variable1 variable2)
speci�es that a comparative histogram is to be created using the levels of thevariables(also referred to
asclass-variablesor classi�cation variables).

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 variable1 are used to label the rows of the matrix, and the levels ofvariable2are 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=(`value1' `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 CLASS=variable, you can specify CLASSKEY='value' to identify the key cell as the
level for whichvariable is equal tovalue. You must specify a formattedvalue. 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=(variable1 variable2), you can specify CLASSKEY=('value1' 'value2') to
identify the key cell as the level for whichvariable1is equal tovalue1andvariable2is equal to
value2. Here,value1andvalue2must 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 ofvariable1are sorted in the order determined by the ORDER1= option, and within
each of these levels, the levels ofvariable2are sorted in the order determined by the ORDER2= option.
The default key cell is the combination of levels ofvariable1andvariable2that occurs �rst in this
order. The cells are displayed in order ofvariable1from top to bottom and in order ofvariable2from
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 `EMPTY' 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 ENDPOINTS=value-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 thevaluesdoes 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 CFILL=color
limits COMPHIST PFILL=pattern
left of lower SPEC CLEFT=color
speci�cation limit SPEC PLEFT=pattern
right of upper SPEC CRIGHT=color
speci�cation limit SPEC PRIGHT=pattern

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 toSAS/GRAPH: Referencefor 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-optionsdescribed 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
L= speci�es the line style for the curve
W= speci�es the width of the curve
K= speci�es the type of kernel
C= 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 range ofvaluestandard 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, thevaluesmust 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 thevaluesdoes 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



284 F Chapter 5: The CAPABILITY Procedure

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

p.x/ D hv
�

p
2�

exp
�
� 1

2 . x � �
� /2

�
for �1 < 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

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

If you specify values for� and� with the MU= and SIGMA=normal-options, the 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 variableSupplier:

proc capability noprint;
comphist width / class=supplier normal(color=red l=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 using theformattedvalues 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 calledDay (with values 1, 2,
and 3). Suppose also that a format (created with the FORMAT procedure) is associated withDay
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 order (Wednesday, Thursday, 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 order (Friday, Thursday, Wednesday) from 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 ofdecreasingfrequency 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 using theformattedvalues 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 �rst row to obtain the order of the
columns from left to right. If any columns remain unordered (that is, the categories areunbalanced),
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 �ll 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 toSAS/GRAPH: Referencefor 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 isN D n wheren is the cell sample size.

� If you specify the NLEGEND='label' 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 formNumber 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 �ll 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: Referencefor 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. Thelabel can be up to 16 characters and must be
enclosed in quotes. The defaultlabel is 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 default,n = 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” (Chapter 21,SAS/STAT User's Guide).
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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 Histogramin the 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 namedMachines:

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 0.05 -0.38 0.82 -0.14 0.32 0.12 -0.02 0.26 0.19
-0.07 0.13 -0.49 0.07 0.65 0.94 -0.51 -0.61 -0.57 -0.51

0.01 -0.51 0.07 -0.16 -0.32 -0.42 -0.42 -0.34 -0.34 -0.35
-0.49 0.11 -0.42 0.76 0.02 -0.59 -0.28 1.12 -0.02 -0.60
-0.64 0.13 -0.32 -0.77 -0.02 -0.07 -0.49 -0.53 -0.22 0.61
-0.23 0.02 0.53 0.23 -0.44 -0.05 0.37 -0.42 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
0.48 0.41 0.78 0.58 0.43 0.07 0.27 0.49 0.79 0.92
0.79 0.66 0.22 0.71 0.53 0.57 0.90 0.48 1.17 1.03

;



290 F Chapter 5: The CAPABILITY Procedure

Distinct speci�cation limits for the three machines are provided in a data set namedspeclims.

data speclims;
input Machine $9. _lsl_ _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 measurements inMachines 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 Histogramin 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 namedDisk. There are two classi�cation
variables,Supplier andYear, and a format is associated withYear.
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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 B 1 1.8980
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;
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Width = avg + std * rannor(15535); output;
end;
Supplier = �Supplier B�;
avg = 1.8980 ;
std = 0.0013 ;
do i = 1 to 260;

Width = avg + std * rannor(15535); output;
end;

run;

title "Results of Supplier Training Program";
proc capability data=Disk noprint;

specs lsl = 1.8925
usl = 1.9027;

comphist Width / class = ( Supplier Year )
classkey = (�Supplier A� �1993�)
intertile = 1.0
vaxis = 0 10 20 30
ncols = 2
nrows = 2
odstitle = title;

inset cpk (4.2) / noframe pos = n;
run;

Output 5.7.1 Two-Way Comparative Histogram
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The CLASSKEY= option speci�es the key cell as the observations for whichSupplier 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 whichSupplier is equal to `SUPPLIER A' andYear is equal to 1. If the CLASSKEY= option were not
speci�ed (or if the NOKEYMOVE option were speci�ed), the column labeled1992would be displayed to
the left of the column labeled1993. 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 capability indexCpk
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/GRAPH® is licensed.
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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 Curvein 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 namedTrans, 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:

title �Process Capability Analysis of Plating Thickness�;
proc capability data=Trans noprint;

spec lsl = 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 variableThick that 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 Curvein 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 lsl = 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 parameters� and� are estimated by the sample mean
( O� D 3:49533) and the sample standard deviation (O� D 0:032117).

� goodness-of-�t tests based on the empirical distribution function (EDF): the Anderson-Darling, Cramer-
von Mises, and Kolmogorov-Smirnov tests. Thep-values 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. Thep-value 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 variableThick. 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 Curvein 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:

title �Process Capability Analysis of Plating Thickness�;
proc capability data=Trans noprint;

spec lsl = 3.45 usl = 3.55;
histogram Thick / normal

midpoints = 3.4 to 3.6 by 0.025
vscale = count
odstitle = title
nospeclegend;

inset lsl 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 namedsteel contains exactly two numeric variables namedlength and
width. The following statements create two histograms, one forlength and one forwidth:

proc capability data=steel;
histogram;

run;

The following statements also create histograms forlength andwidth:

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

run;

The following statements create a histogram forlength 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) �ts beta distribution with threshold param-
eter� , scale parameter� , and shape pa-
rameters� and�

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

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

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

IGAUSS(iGauss-options) plots inverse Gaussian distribution with
mean� and shape parameter�

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

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

PARETO(Pareto-options) plots Pareto distribution with threshold pa-
rameter� , scale parameter� , and shape
parameter�

POWER(power-options) plots power function distribution with
threshold parameter� , scale parameter� ,
and shape parameter�

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

SB(SB-options) �ts JohnsonSB distribution with thresh-
old parameter� , scale parameter� , and
shape parameters� and


SU(SU-options) �ts JohnsonSU distribution with location
parameter� , scale parameter� , and shape
parameters� and


WEIBULL(Weibull-options) �ts Weibull distribution with threshold pa-
rameter� , scale parameter� , and shape
parameterc

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:



Syntax: HISTOGRAM Statement F 303

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

run;

The COLOR=normal-optiondraws the curve in red, and the MU= and SIGMA=normal-optionsspecify the
parameters� D 10and� D 0:5 for 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 �rst curve is red, with� D 10and� D 0:5. The second curve is blue, with� equal 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 parameter� for �tted beta curve
BETA= speci�es second shape parameter� for �tted beta curve
SIGMA= speci�es scale parameter� for �tted beta curve
THETA= speci�es lower threshold parameter� for �tted beta curve
Exponential-Options
SIGMA= speci�es scale parameter� for �tted exponential curve
THETA= speci�es threshold parameter� for �tted exponential curve
Gamma-Options
ALPHA= speci�es shape parameter� for �tted gamma curve
ALPHADELTA= speci�es change in successive estimates of� at which the Newton-

Raphson approximation ofO� terminates
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Table 5.19 (continued)

Option Description

ALPHAINITIAL= speci�es initial value for� in Newton-Raphson approximation ofO�
MAXITER= speci�es maximum number of iterations in Newton-Raphson ap-

proximation ofO�
SIGMA= speci�es scale parameter� for �tted gamma curve
THETA= speci�es threshold parameter� for �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 parameter� for �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 parameter� for �tted inverse Gaussian curve
MU= speci�es mean� for �tted inverse Gaussian curve
Lognormal-Options
SIGMA= speci�es shape parameter� for �tted lognormal curve
THETA= speci�es threshold parameter� for �tted lognormal curve
ZETA= speci�es scale parameter� for �tted lognormal curve
Normal-Options
MU= speci�es mean� for �tted normal curve
SIGMA= speci�es standard deviation� for �tted normal curve
Pareto-Options
ALPHA= speci�es shape parameter� for �tted Pareto curve
EDFNSAMPLES= speci�es number of samples for EDF goodness-of-�t simulation
EDFSEED= speci�es seed value for EDF goodness-of-�t simulation
SIGMA= speci�es scale parameter� for �tted Pareto curve
THETA= speci�es threshold parameter� for �tted Pareto curve
Power-Options
ALPHA= speci�es shape parameter� for �tted power function curve
SIGMA= speci�es scale parameter� for �tted power function curve
THETA= speci�es threshold parameter� for �tted power function curve
Rayleigh-Options
EDFNSAMPLES= speci�es number of samples for EDF goodness-of-�t simulation
EDFSEED= speci�es seed value for EDF goodness-of-�t simulation
SIGMA= speci�es scale parameter� for �tted Rayleigh curve
THETA= speci�es threshold parameter� for �tted Rayleigh curve
SB -Options
DELTA= speci�es �rst shape parameter� for �tted SB 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 parameter
 for �tted SB curve
SIGMA= speci�es scale parameter� for �tted SB curve



Syntax: HISTOGRAM Statement F 305

Table 5.19 (continued)

Option Description

THETA= speci�es lower threshold parameter� for �tted SB curve
SU -Options
DELTA= speci�es �rst shape parameter� for �tted SU 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 parameter
 for �tted SU 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 parameter� for �tted SU curve
THETA= speci�es location parameter� for �tted SU curve
Weibull-Options
C= speci�es shape parameterc for �tted Weibull curve
CDELTA= speci�es change in successive estimates ofc at which the Newton-

Raphson approximation ofOc terminates
CINITIAL= speci�es initial value forc in Newton-Raphson approximation ofOc
MAXITER= speci�es maximum number of iterations in Newton-Raphson ap-

proximation ofOc
SIGMA= speci�es scale parameter� for �tted Weibull curve
THETA= speci�es threshold parameter� for �tted Weibull curve

Nonparametric Density Estimation Options

Table 5.20 Kernel Density Estimation Options

Option Description

KERNEL(kernel-options) �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 parameterc for �tted kernel
density estimate

COLOR= speci�es color of the �tted kernel density curve
FILL �lls 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= requests information about �tted curves
OUTHISTOGRAM= requests information about histogram intervals
OUTKERNEL= creates a data set containing kernel density estimates
General Histogram Layout Options
CLIPCURVES scales vertical axis without considering �tted curves
CONTENTS= speci�es table of contents entry for histogram grouping
CURVELEGEND= speci�es LEGEND statement for curves
ENDPOINTS= lists endpoints for histogram intervals
HANGING constructs hanging histogram
HREF= speci�es reference lines perpendicular to the horizontal axis
HREFLABELS= speci�es labels for HREF= lines
MIDPERCENTS prints table of histogram intervals
MIDPOINTS= lists midpoints for histogram intervals
NENDPOINTS= speci�es number of histogram interval endpoints
NMIDPOINTS= speci�es number of histogram interval midpoints
NOBARS suppresses histogram bars
NOCURVELEGEND suppresses legend for curves
NOFRAME suppresses frame around plotting area
NOLEGEND suppresses legend
NOPLOT suppresses plot
NOSPECLEGEND suppresses speci�cations legend
NOTABCONTENTS 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 �ll color for box-and-whisker plot in bottom margin
BMCFRAME= speci�es �ll 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 �lling 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 number 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



308 F Chapter 5: The CAPABILITY Procedure

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 number 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
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Dictionary of Options

The following sections provide detailed descriptions of options speci�c 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 parameter� for �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 as abeta-option. You can specify SHAPE=
as an alias for ALPHA= if you use it as agamma-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

p.x/ D

(
.x � � / � � 1 .� C � � x/ � � 1

B.�;� /� .� C � � 1/ hv for � < x < � C �

0 for x � � or x � � C �

whereB.�; �/ D €.�/€.� /
€.� C � / 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

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The beta distribution is bounded below by the parameter� and above by the value� C � . You can
specify� and� by using the THETA= and SIGMA=beta-options. The following statements �t a beta
distribution bounded between 50 and 75 by using maximum likelihood estimates for� and� :

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 for� and� .

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

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 parameter� for beta density curves requested with the BETA option.
Enclose the BETA= option in parentheses after the BETA option. If you do not specify a value 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 SCHEMATIC, aschematicbox-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 theupper fence. Fences 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 parameterc for 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 parameterc for 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 �rst uses 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 forc, 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 parameter� for JohnsonSB and JohnsonSU 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 computep-values 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 statisticp-values 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 ENDPOINTS=value-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.
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EXPONENTIAL< (exponential-options ) >

EXP< (exponential-options ) >
displays a �tted exponential density curve on the histogram. The curve equation is

p.x/ D
� hv

� exp.� . x � �
� // for x � �

0 for x < �

where

� D threshold parameter
� D scale parameter.� > 0/
h D width of histogram interval
v D vertical scaling factor
and

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The parameter� must be less than or equal to the minimum data value. You can specify� with the
THETA= exponential-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=exponential-option. By
default, a maximum likelihood estimate is computed for� . For example, the following statements �t
an exponential curve with� D 10and with a maximum likelihood estimate for� :

proc capability;
histogram / exponential(theta=10 l=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.

FILL
�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: Referencefor 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 ofz for the method of percentiles when this method is used to �t a JohnsonSB or
JohnsonSU distribution. The FITINTERVAL= option is speci�ed in parentheses after the SB or SU
option. The default ofz is 0.524.

FITMETHOD=PERCENTILE | MLE | MOMENTS
speci�es the method used to estimate the parameters of a JohnsonSB or JohnsonSU 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 �t a
JohnsonSB or JohnsonSU 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

p.x/ D

(
hv

€.�/� . x � �
� / � � 1 exp.� . x � �

� // for x > �
0 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

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION



314 F Chapter 5: The CAPABILITY Procedure

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. If you specify THETA=EST,
a maximum likelihood estimate is computed for� . In 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 for� and� .
For example, the following statements �t a gamma curve with� D 4 and with maximum likelihood
estimates for� and� :

proc capability;
histogram length / gamma(theta=4);

run;

Note that the maximum likelihood estimate of� is calculated iteratively using the Newton-Raphson
approximation. The ALPHADELTA=, ALPHAINITIAL=, and MAXITER=gamma-optionscontrol
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 parameter
 for JohnsonSB and JohnsonSU 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

p.x/ D
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�
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�

where

� D location parameter
� D scale parameter.� > 0/
h D width of histogram interval
v D vertical scaling factor
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:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

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

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

p.x/ D

(
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� 1=2
exp.� �

2� 2 x
.x � �/ 2/ for x > 0

0 for x � 0

whereˆ. �/ 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

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

You can specify values for� and� with the MU= and LAMBDA=iGauss-options. By default, the
sample mean is used for� and 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 specify thekernel-options
described in the following table:
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Option Description

C= 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 parameter� for �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
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Note that the lognormal distribution is also referred to as theSL distribution 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 for� . You can specify the parameters�
and� with the SIGMA= and ZETA=lognormal-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 for� and� :
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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=n
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 range ofvaluestandard 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, wherevalues-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;
axis1 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 of� is 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
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100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

Note that the normal distribution is also referred to as theSN distribution 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 used for� and� . 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
SU distribution. PROC UNIVARIATE computes initial estimates for each parameter by using the
method of percentiles. Thevalue 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
JohnsonSU 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 JohnsonSU distribution. That is, no more thanN local optimizations are used in the
multistart algorithm. The default value is 100.

OPTPRINT
prints the iteration history for the JohnsonSU distribution maximum likelihood estimation.

OPTSEED=value
speci�es a positive integer seed for generating random number sequences in JohnsonSU distribution
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 JohnsonSU

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
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The parameter� must be less than the minimum data value. You can specify� with 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� and
a scale parameter� . You can specify these parameters with the ALPHA= and SIGMA=Pareto-options.
By default, maximum likelihood estimates are computed for� and� .

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
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The parameter� must be less than or equal to the minimum data value. You can specify� and� 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 for� and
� .

In addition, the generalized Pareto distribution has a shape parameter� . You 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
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where

� D threshold parameter
� D scale parameter.� > 0/
h D width of histogram interval
v D vertical scaling factor
and

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The parameter� must be less than or equal to the minimum data value. You can specify� with 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< (SB -options ) >
displays a �tted JohnsonSB density curve on the histogram. The curve equation is

p.x/ D

8
ˆ̂
<̂

ˆ̂
:̂

�hv
�

p
2�

h�
x � �

�

� �
1 � x � �

�

�i � 1
�

exp
�
� 1

2

�

 C � log. x � �

� C � � x /
� 2

�
for � < x < � C �

0 for x � � or x � � C �

where

� D threshold parameter. �1 < � < 1 /
� D scale parameter.� > 0/
� D shape parameter.� > 0/

 D shape parameter. �1 < 
 < 1 /
h D width of histogram interval
v D vertical scaling factor
and

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

TheSB distribution is bounded below by the parameter� and above by the value� C � . The parameter
� must be less than the minimum data value. You can specify� with the THETA=SB -option, or you
can request that� be estimated with the THETA = ESTSB -option. The default value for� is zero.
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The sum� C � must be greater than the maximum data value. The default value for� is one. You
can specify� with the SIGMA=SB -option, or you can request that� be estimated with the SIGMA
= ESTSB -option. You can specify� with the DELTA=SB -option, and you can specify
 with the
GAMMA= SB -option. Note that theSB -options are given in parentheses after the SB option.

By default, the method of percentiles is used to estimate the parameters of theSB distribution.
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 anSB distribution with default values of� D 0 and� D 1 and
with percentile-based estimates for� and
 . The second HISTOGRAM statement estimates all four
parameters with the method of percentiles. The third HISTOGRAM statement displays anSB curve
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= Speci�es 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=
SU scale parameter� percentile-based estimate SCALE=
WEIBULL scale parameter� maximum likelihood estimate SCALE=

If you specify SIGMA=EST, an estimate is computed for� . For syntax examples, see the entries for
the distribution options.
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SU< (SU -options ) >
displays a �tted JohnsonSU density curve on the histogram. The curve equation is

p.x/ D
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0 for x � �

where

� D location parameter. �1 < � < 1 /
� D scale parameter.� > 0/
� D shape parameter.� > 0/

 D shape parameter. �1 < 
 < 1 /
h D width of histogram interval
v D vertical scaling factor
and

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

You can specify the parameters with the THETA=, SIGMA=, DELTA=, and GAMMA=SU -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 is used to estimate the parameters of theSU distribution.
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 anSU 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 parameter� for 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 defaultvalue is 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

p.x/ D
� chv

� . x � �
� /c� 1 exp.� . x � �

� /c / for x > �
0 for x � �

where

� D threshold parameter
� D scale parameter.� > 0/
c D shape parameter.c > 0/
h D width of histogram interval
v D vertical scaling factor
and

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The parameter� must be less than the minimum data value. You can specify� with 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 computed forc and� . For example, the following
statements �t a Weibull distribution with� D 15and with maximum likelihood estimates for� andc:

proc capability;
histogram length / weibull(theta=15);

run;

Note that the maximum likelihood estimate ofc is calculated iteratively using the Newton-Raphson
approximation. The CDELTA=, CINITIAL=, and MAXITER=Weibull-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 parameter� for 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 for� . You 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 �ll 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 �ll 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. Refer toSAS/GRAPH: Referencefor 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 �ll 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: Referencefor 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= n
speci�es the width of bar outlines. By default,n = 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

(
.x � � / � � 1 .� C � � x/ � � 1

B.�;� /� .� C � � 1/ hv for � < x < � C �

0 for x � � or x � � C �

whereB.�; �/ D €.�/€.� /
€.� C � / 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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v D

8
<

:

n the sample size, for VSCALE=COUNT
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

p.x/ D

(
.x � a/ p � 1 .b � x/ q � 1

B.p;q/.b � a/ p C q � 1 for a < x < b
0 for x � a or x � b

The two notations are related as follows:

� D b � a
� D a
� D p
� D q

The range of the beta distribution is bounded below by a threshold parameter� D a and above by� C � D b.
If you specify a �tted beta curve by using the BETA option,� must be less than the minimum data value,
and� C � must be greater than the maximum data value. You can specify� and� with the THETA= and
SIGMA= beta-optionsin parentheses after the keyword BETA. By default,� D 1 and� D 0. If you specify
THETA=EST and SIGMA=EST, maximum likelihood estimates are computed for� and� .

In addition, you can specify� and� with the ALPHA= and BETA=beta-options, respectively. By default,
the procedure calculates maximum likelihood estimates for� and� . For example, to �t a beta density curve
to a set of data bounded below by 32 and above by 212 with maximum likelihood estimates for� and� , use
the following statement:

histogram length / beta(theta=32 sigma=180);

The beta distributions are also referred to as Pearson Type I or II distributions. These include thepower-
function distribution (� D 1), the arc-sinedistribution (� D � D 1

2 ), and thegeneralized arc-sine
distributions (� C � D 1, � ¤ 1

2 ).

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

p.x/ D
� hv

� exp.� . x � �
� // for x � �

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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v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The threshold parameter� must be less than or equal to the minimum data value. You can specify� with the
THRESHOLD=exponential-option. By default,� D 0. If you specify THETA=EST, a maximum likelihood
estimate is computed for� . In addition, you can specify� with the SCALE=exponential-option. By default,
the procedure calculates a maximum likelihood estimate for� . Note that some authors de�ne the scale
parameter as1� .

The exponential distribution is a special case of both the gamma distribution (with� D 1) and the Weibull
distribution (withc = 1). A related distribution is theextreme valuedistribution. IfY D exp.� X/ has an
exponential distribution, thenX has an extreme value distribution.

Gamma Distribution
The �tted density function is

p.x/ D

(
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€.�/� . x � �
� / � � 1 exp.� . x � �

� // for x > �
0 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

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The threshold parameter� must be less than the minimum data value. You can specify� with the THRESH-
OLD= gamma-option. By 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-options. By
default, the procedure calculates maximum likelihood estimates for� and� .

The gamma distributions are also referred to as Pearson Type III distributions, and they include the chi-square,
exponential, and Erlang distributions. The probability density function for the chi-square distribution is

p.x/ D

(
1

2€. �
2 /

� x
2

� �
2 � 1 exp.� x

2 / for x > 0

0 for x � 0

Notice that this is a gamma distribution with� D �
2 , � D 2, and� D 0. The exponential distribution

is a gamma distribution with� D 1, and the Erlang distribution is a gamma distribution with� being a
positive integer. A related distribution is the Rayleigh distribution. IfR D max.X 1 ;:::;X n /

min .X 1 ;:::;X n / where theX i 's
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are independent� 2
� variables, thenlogR is distributed with a� � distribution having a probability density

function of

p.x/ D

( h
2

�
2 � 1€. �

2 /
i � 1

x � � 1 exp.� x 2

2 / for x > 0

0 for x � 0

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

p.x/ D
hv
�

e� .x � �/=� exp
�
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�

where

� D location parameter
� D scale parameter.� > 0/
h D width of histogram interval
v D vertical scaling factor, and

v D

8
<

:

n the sample size, for VSCALE=COUNT
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.

NOTE : The random variableX has Gumbel (Type 1 extreme value) distribution if and only ifeX has Weibull
distribution andexp..X � �/=� / has standard exponential distribution.

Inverse Gaussian Distribution
The �tted density function is

p.x/ D

(
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� 1=2
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�
� �

2� 2 x
.x � �/ 2

�
for x > 0

0 for x � 0

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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v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The location parameter� has to be greater then zero. You can specify� with the MU= iGauss-option. In
addition, you can specify shape parameter� with the LAMBDA= iGauss-option. By default, the procedure
uses the sample mean for� and calculates a maximum likelihood estimate for� .

NOTE : The special case where� D 1 and� D � corresponds to the Wald distribution.

Lognormal Distribution
The �tted density function is

p.x/ D
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where

� D threshold parameter
� D scale parameter. �1 < � < 1 /
� D shape parameter.� > 0/
h D width of histogram interval
v D vertical scaling factor, and

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The threshold parameter� must be less than the minimum data value. You can specify� with 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=lognormal-options, respectively.
By default, the procedure calculates maximum likelihood estimates for these parameters.

NOTE : The lognormal distribution is also referred to as theSL distribution in the Johnson system of
distributions.

NOTE : This book uses� to denote the shape parameter of the lognormal distribution, whereas� is used to
denote the scale parameter of the beta, exponential, gamma, Gumbel, inverse Gaussian, normal, generalized
Pareto, power function, Rayleigh, and Weibull distributions. The use of� to denote the lognormal shape
parameter is based on the fact that1

� . log.X � � / � �/ has a standard normal distribution ifX is lognormally
distributed.

Normal Distribution
The �tted density function is
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where
� D mean
� D standard deviation.� > 0/
h D width of histogram interval
v D vertical scaling factor, and

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

You can specify� and� with the MU= and SIGMA=normal-options, respectively. By default, the procedure
estimates� with the sample mean and� with 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 theSN distribution in the Johnson system of distributions.

Generalized Pareto Distribution
The �tted density function is

p.x/ D

(
hv
� .1 � �.x � � /=� / 1=� � 1 if � ¤ 0

hv
� exp.� .x � � /=� / if � D 0

where

� D threshold parameter
� D scale parameter.� > 0/
� D shape parameter
h D width of histogram interval
v D vertical scaling factor, and

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The support of the distribution isx > � for � � 0 and� < x < �=� for � > 0 .

NOTE : Special cases of the generalized Pareto distribution with� D 0 and� D 1 correspond respectively to
the exponential distribution with mean� and uniform distribution on the interval.0; � / .

The threshold parameter� must be less than the minimum data value. You can specify� with 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 if� < 1
2 , but not otherwise. In

this case the estimators are asymptotically normal and asymptotically ef�cient. The asymptotic normal
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distribution of the maximum likelihood estimates has mean.�; � / and variance-covariance matrix

1
n

�
.1 � �/ 2 � .1 � �/
� .1 � �/ 2� 2.1 � �/

�
:

NOTE : If no local minimum found in the space

f � < 0; � > 0 g [ f 0 < � � 1; �=� > max.X i /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

p.x/ D

(
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� � � 1
for � < x < � C �
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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

v D

8
<

:

n the sample size, for VSCALE=COUNT
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

b� a

� x � a
b� a

� p � 1 for a < x < b
0 for x � a or x � b

The two parameterizations are related as follows:

� D b � a

� D a

� D p
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NOTE : The family of power function distributions is a subclass of beta distribution with density function

p.x/ D

(
hv .x � � / � � 1 .� C � � x/ � � 1

B.�;� /� .� C � � 1/ for � < x < � C �

0 for x � � or x � � C �

whereB.�; �/ D €.�/€.� /
€.� C � / with parameter� D 1. Therefore, all properties and estimation procedures of

beta distribution apply.

The range of the power function distribution is bounded below by a threshold parameter� D a and above by
� C � D b. If you specify a �tted power function curve by using the POWER option,� must be less than the
minimum data value and� C � must be greater than the maximum data value. You can specify� and� with
the THETA= and SIGMA=power-options in parentheses after the keyword POWER. By default,� D 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 for� , use the following statement:

histogram Length / power(theta=32 sigma=180);

Rayleigh Distribution
The �tted density function is

p.x/ D

(
hv x � �

� 2 e� .x � � / 2 =.2� 2 / for x � �
0 for x < �

where

� D lower threshold parameter (lower endpoint parameter)
� D scale parameter.� > 0/
h D width of histogram interval
v D vertical scaling factor, and

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

NOTE : The Rayleigh distribution is a Weibull distribution with density function

p.x/ D

(
hv k

�

�
x � �

�

� k � 1
exp.� . x � �

� /k / for x � �

0 for x < �

and with shape parameterk = 2 and scale parameter� D
p

2� .

The threshold parameter� must be less than the minimum data value. You can specify� with 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 SB Distribution
The �tted density function is

p.x/ D

8
ˆ̂
<̂

ˆ̂
:̂

�hv
�

p
2�

h�
x � �

�

� �
1 � x � �

�

�i � 1
�

exp
�
� 1

2

�

 C � log. x � �

� C � � x /
� 2

�
for � < x < � C �

0 for x � � or x � � C �

where

� D threshold parameter. �1 < � < 1 /
� D scale parameter.� > 0/
� D shape parameter.� > 0/

 D shape parameter. �1 < 
 < 1 /
h D width of histogram interval
v D vertical scaling factor, and

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

TheSB distribution is bounded below by the parameter� and above by the value� C � . The parameter
� must be less than the minimum data value. You can specify� with the THETA=SB -option, or you can
request that� be estimated with the THETA = ESTSB -option. The default value for� is zero. The sum
� C � must be greater than the maximum data value. The default value for� is one. You can specify� with
the SIGMA=SB -option, or you can request that� be estimated with the SIGMA = ESTSB -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 byx� 3z , x� z , xz , andx3z , which correspond to the
four equally spaced percentiles of a standard normal distribution, denoted by� 3z, � z, z, and3z, under the
transformation

z D 
 C � log
�

x � �
� C � � x

�

The default value ofz is 0.524. The results of the �t are dependent on the choice ofz, and 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 value ofz that corresponds to percentiles which are critical to your
application.

The following values are computed from the data percentiles:

m D x3z � xz

n D x� z � x� 3z

p D xz � x� z
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It was demonstrated by Slifker and Shapiro (1980) that

mn
p 2 > 1 for anySU distribution
mn
p 2 < 1 for anySB distribution
mn
p 2 D 1 for anySL (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
p2 < 1 � tolerance

the parameters of theSB 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 SU Distribution
The �tted density function is

p.x/ D

8
ˆ̂
<̂

ˆ̂
:̂

�hv
�

p
2�

1p
1C . .x � � /=� / 2

�

exp
�
� 1

2

�

 C � sinh� 1

�
x � �

�

�� 2
�

for x > �

0 for x � �

where

� D location parameter. �1 < � < 1 /
� D scale parameter.� > 0/
� D shape parameter.� > 0/

 D shape parameter. �1 < 
 < 1 /
h D width of histogram interval
v D vertical scaling factor, and

v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

You can specify the parameters with the THETA=, SIGMA=, DELTA=, and GAMMA=SU -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 byx� 3z , x� z , xz , andx3z , which correspond to the
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four equally spaced percentiles of a standard normal distribution, denoted by� 3z, � z, z, and3z, under the
transformation

z D 
 C � sinh� 1
�

x � �
�

�

The default value ofz is 0.524. The results of the �t are dependent on the choice ofz, and 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 value ofz that corresponds to percentiles which are critical to your
application.

The following values are computed from the data percentiles:

m D x3z � xz

n D x� z � x� 3z

p D xz � x� z

It was demonstrated by Slifker and Shapiro (1980) that

mn
p 2 > 1 for anySU distribution
mn
p 2 < 1 for anySB distribution
mn
p 2 D 1 for anySL (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 SU option).
The default tolerance is 0.01. Assuming that the criterion satis�es the inequality

mn
p2 > 1 C tolerance

the parameters of theSU 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

p.x/ D
� chv

� . x � �
� /c� 1 exp.� . x � �

� /c / for x > �
0 for x � �

where
� D threshold parameter
� D scale parameter.� > 0/
c D shape parameter.c > 0/
h D width of histogram interval
v D vertical scaling factor, and
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v D

8
<

:

n the sample size, for VSCALE=COUNT
100 for VSCALE=PERCENT
1 for VSCALE=PROPORTION

The threshold parameter� must be less than the minimum data value. You can specify� with 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=Weibull-options, respectively. By
default, the procedure calculates maximum likelihood estimates for� andc.

The exponential distribution is a special case of the Weibull distribution wherec = 1.

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 �t when the process distribution is multimodal.
See Example 5.12.

The general form of the kernel density estimator is

Of � .x/ D
1

n�

nX

i D 1

K 0

� x � xi

�

�

whereK 0. �/ is a kernel function,� is the bandwidth,n is the sample size, andxi is theith observation.

The KERNEL option provides three kernel functions (K 0): 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 K 0.t / D 1p
2�

exp.� 1
2 t2/ for � 1 < t < 1

Quadratic K 0.t / D 3
4 .1 � t2/ for jt j � 1

Triangular K 0.t / D 1 � j t j for jt j � 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 bandwidthc with the C=kernel-option.
If Q is the interquartile range, andn is the sample size, thenc is related to� by the formula

� D cQn� 1
5

For a speci�c kernel function, the discrepancy between the density estimatorOf � .x/ and the true densityf .x/
is measured by the mean integrated square error (MISE):

MISE.�/ D
Z

x
fE. Of � .x// � f .x/ g2dx C

Z

x
var. Of � .x//dx



Details: HISTOGRAM Statement F 343

The MISE is the sum of the integrated squared bias and the variance. An approximate mean integrated square
error (AMISE) is

AMISE.�/ D
1
4

� 4
� Z

t
t2K.t /dt

� 2 Z

x

�
f 00.x/

� 2 dx C
1

n�

Z

t
K.t / 2dt

A bandwidth that minimizes AMISE can be derived by treatingf .x/ 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 parameterc, the kernel 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
replacingK 0

� x � x i
�

�
in the original equation with

�
K 0

� x � xi

�

�
C K 0

�
.x � xl / C .x i � xl /

�

�
C K 0

�
.x u � x/ C .x u � xi /

�

��

wherexl is the lower bound andxu is the upper bound.

Without a lower bound,xl D 1 andK 0

�
.x � x l /C .x i � x l /

�

�
equals zero. Similarly, without an upper bound,

xu D 1 andK 0

�
.x u � x/ C .x u � x i /

�

�
equals 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 �t is 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 lsl=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:

� 2 D
mX

i D 1

.O i � E i /2

E i

where

Oi D observed value inith histogram interval
E i D expected value inith histogram interval
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m = number of histogram intervals
p = number of estimated parameters

The degrees of freedom for the chi-square test is equal tom � p � 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 compute� 2 begins 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).

The empirical distribution function is de�ned for a set ofn independent observationsX1; : : : ; Xn with a com-
mon distribution functionF .x/ . Denote the observations ordered from smallest to largest asX .1/ ; : : : ; X .n/ .
The empirical distribution function,Fn .x/ , is de�ned as

Fn .x/ D 0; x < X .1/

Fn .x/ D i
n ; X .i / � x < X .i C 1/ i D 1; : : : ; n � 1

Fn .x/ D 1; X.n/ � x

Note thatFn .x/ is a step function that takes a step of height1
n at each observation. This function estimates

the distribution functionF .x/ . At any valuex, Fn .x/ is the proportion of observations less than or equal tox,
while F .x/ is the probability of an observation less than or equal tox. EDF statistics measure the discrepancy
betweenFn .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 ofX, the random variableU is uniformly distributed
between 0 and 1.

Givenn observationsX .1/ ; : : : ; X .n/ , the valuesU.i / D F.X .i / / are computed by applying the transformation,
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 functionF .x/ .

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 supx jFn .x/ � F .x/ j

The Kolmogorov-Smirnov statistic belongs to the supremum class of EDF statistics. This class of statistics is
based on the largest vertical difference betweenF .x/ andFn .x/ .

The Kolmogorov-Smirnov statistic is computed as the maximum ofD C andD � , whereD C 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 C D maxi

�
i
n � U.i /

�

D � D maxi

�
U.i / � i � 1

n

�

D D max
�
D C ; 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/ /2. Quadratic statistics have the following general form:

Q D n
Z C1

�1
.Fn .x/ � F .x/ /2  .x/dF .x/

The function .x/ weights the squared difference.Fn .x/ � F .x/ /2.

The Anderson-Darling statistic (A2) is de�ned as

A2 D n
Z C1

�1
.Fn .x/ � F .x/ /2 ŒF.x/ .1 � F .x/ /•� 1 dF .x/

Here the weight function is .x/ D ŒF.x/ .1 � F .x/ /•� 1.

The Anderson-Darling statistic is computed as

A2 D � n �
1
n

nX

i D 1

�
.2i � 1/ logU.i / C .2n C 1 � 2i / log

�
f1 � U.i /

��

Cramér-von Mises Statistic The Cramér-von Mises statistic (W2) is de�ned as

W2 D n
Z C1

�1
.Fn .x/ � F .x/ /2 dF .x/

Here the weight function is .x/ D 1.

The Cramér-von Mises statistic is computed as

W2 D
nX

i D 1

�
U.i / �

2i � 1
2n

� 2

C
1

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 values (p-values) by resampling from the estimated distribution. It generatesk random
samples of sizen, wherek is speci�ed by the EDFNSAMPLES= option andn is the number of observations
in the original data. EDF test statistics are computed for each sample, and thep-value 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 andW2

� known � unknown � known A2 andW2

� 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 andW2

� unknown � known A2 andW2

� unknown � unknown all
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Table 5.23 (continued)

Distribution Parameters Tests Available
Threshold Scale Shape

Weibull � known � known c known all
� known � unknown c known A2 andW2

� known � known c unknown A2 andW2

� known � unknown c unknown A2 andW2

� unknown � known c > 2 known all
� unknown � unknown c > 2 known all
� unknown � known c > 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 andCpk , 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 distribution,3� is both 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 substituted for3� in the standard formulas.

Writing T for the target,LSLandUSLfor the lower and upper speci�cation limits, andP� for the100� th
percentile, the generalized capability indices are as follows:

CPL D
P0:5 � LSL

P0:5 � P0:00135

CP U D
USL � P0:5

P0:99865 � P0:5

Cp D
USL � LSL

P0:99865 � P0:00135

Cpk D min
�

P0:5 � LSL
P0:5 � P0:00135

;
USL � P0:5

P0:99865 � P0:5

�
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K D 2 �

�
� 1

2 .USL C LSL/ � P0:5
�
�

USL � LSL

Cpm D
min

�
T � LSL

P0:5 � P0:00135
; USL� T

P0:99865 � P0:5

�

r

1 C
�

� � T
�

� 2

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
quantiles 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 variables_MAXPT1_ and_MAXPTN_ contain upper endpoint
values. Otherwise, the variables_MINPT1_ 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 indexCp based on the �tted curve
_CPK_ generalized capability indexCpk based on the �tted curve
_CPL_ generalized capability indexCPL based on the �tted curve
_CPM_ generalized capability indexCpm based on the �tted curve
_CPU_ generalized capability indexCPU 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 indexK 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_ 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.

_LSL_ lower speci�cation limit
_MAXPT1_ upper endpoint of �rst interval used to calculate the value of the

chi-square statistic.
_MAXPTN_ upper endpoint of last interval used to calculate the value of the

chi-square statistic.
_MIDPT1_ 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.

_MIDPTN_ 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.

_MINPT1_ lower endpoint of �rst interval used to calculate the value of the
chi-square statistic.

_MINPTN_ lower endpoint of last interval used to calculate the value of the
chi-square statistic.

_OBSGTR_ observed percent of data greater than upper speci�cation limit
_OBSLSS_ observed percent of data less than the lower speci�cation limit
_PCHISQ_ p-value for chi-square goodness-of-�t test
_SCALE_ 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.

_SHAPE1_ 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 JohnsonSB andSU 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 distributions),_SHAPE1_ 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 JohnsonSB and
SU 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 the_MIDPT_ 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, the_MAXPT_ variable contains an interval's
upper endpoint value. Otherwise, the_MINPT_ 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



354 F Chapter 5: The CAPABILITY Procedure

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 variable_DENSITY_ 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 variable_COUNT_, _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
from �tted distribution

INDICES suboption with any dis-
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
distribution

any distribution option such as
NORMAL

ParameterEstimates parameter estimates for �tted
distribution

any distribution option such as
NORMAL

Speci�cations percents outside speci�cation
limits based on empirical and
�tted distributions

any distribution option such as
NORMAL

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” (Chapter 21,SAS/STAT User's Guide).

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 TARGET=value
color CTARGET=color C=color
line type LTARGET=linetype L=linetype
width WTARGET=value W=value

Lower Speci�cation Line SPEC Statement SYMBOL2 Statement
position LSL=value
color CLSL=color C=color
line type LLSL=linetype L=linetype
width WLSL=value W=value

Upper Speci�cation Line SPEC Statement SYMBOL3 Statement
position USL=value
color CUSL=color C=color
line type LUSL=linetype 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 PATTERN1 Statement
pattern PFILL=pattern V=pattern
color CFILL=color C=color

Left of Lower Speci�cation Limit SPEC Statement PATTERN2 Statement
pattern PLEFT=pattern V=pattern
color CLEFT=color C=color

Right of Upper Speci�cation Limit SPEC Statement PATTERN3 Statement
pattern PRIGHT=pattern V=pattern
color CRIGHT=color 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=color C=color
line type L=linetype L=linetype
width W=value W=value

Lognormal Curve Lognormal-options SYMBOL5 Statement
color COLOR=color C=color
line type L=linetype L=linetype
width W=value W=value

Exponential Curve Exponential-options SYMBOL6 Statement
color COLOR=color C=color
line type L=linetype L=linetype
width W=value W=value

Weibull Curve Weibull-options SYMBOL7 Statement
color COLOR=color C=color
line type L=linetype L=linetype
width W=value W=value

Gamma Curve Gamma-options SYMBOL8 Statement
color COLOR=color C=color
line type L=linetype L=linetype
width W=value W=value

Beta Curve Beta-options SYMBOL9 Statement
color COLOR=color C=color
line type L=linetype L=linetype
width W=value W=value

JohnsonSB Curve SB -options SYMBOL10 Statement
color COLOR=color C=color
line type L=linetype L=linetype
width W=value W=value

JohnsonSU Curve SU -options SYMBOL11 Statement
color COLOR=color C=color
line type L=linetype L=linetype
width W=value W=value

Rayleigh Curve Rayleigh-options SYMBOL12 Statement
color COLOR=color C=color
line type L=linetype L=linetype
width W=value W=value

Generalized Pareto Curve Pareto-options SYMBOL13 Statement
color COLOR=color C=color
line type L=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=color C=color
line type L=linetype L=linetype
width W=value W=value

Power Function Curve Power-options SYMBOL15 Statement
color COLOR=color C=color
line type L=linetype L=linetype
width W=value W=value

Inverse Gaussian Curve IGauss-options SYMBOL16 Statement
color COLOR=color C=color
line type L=linetype 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 Histogramin 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:
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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;
title1 �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 = axis1;

axis1 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 THETA=beta-optionspeci�es the lower threshold. The
SCALE=beta-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 �ll 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 thep-value 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 test whosep-value is 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 Histogramin the 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 set namedPlates.

data Plates;
label Gap=�Plate Gap in cm�;
input Gap @@;
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 lsl = 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 parameter� D 0 is assumed for each curve. In applications where the
threshold is not zero, you can specify� with 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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