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Introduction: SHEWHART Procedure

The Shewhart control chart is a graphical and analytical tool for deciding whether a process is in a state of
statistical control. You can use the SHEWHART procedure to display many different types of control charts,
including all commonly used charts for variables and attributes. In addition, you can use the SHEWHART
procedure to

* create charts from either raw data (actual measurements) or summarized data
* analyze multiple process variables

* specify control limits in terms of a multiple of the standard error of the plotted summary statistic or as
probability limits

* adjust control limits to compensate for unequal subgroup sizes

* estimate control limits from the data, compute control limits from specified values for population
parameters (known standards), or read limits from an input data set

* create historical control charts that display distinct sets of control limits for multiple time phases
 perform tests for special causes based on runs patterns (Western Electric rules)

* estimate the process standard deviation using various methods (variable charts only)

* accept numeric-valued or character-valued subgroup variables

* display subgroups with date and time formats

* save chart statistics and control limits in output data sets

* tabulate chart statistics and control limits

* produce charts as traditional graphics, ODS Graphics output, or legacy line printer charts. Line printer
charts can use special formatting characters that improve the appearance of the chart. Traditional
graphics can be annotated, saved, and replayed.

Uses of Shewhart Charts

The Shewhart chart is named after Walter A. Shewhart (1891-1967), a physicist at the Bell Telephone
Laboratories, who introduced the method in 1924 and elaborated upon it in his book Economic Control of
Quality of Manufactured Product, (1931). The concepts underlying the control chart are that the natural
variability in any manufacturing process can be quantified with a set of control limits and that the variation
exceeding these limits signals a change in the process.

In industry, the Shewhart chart is the most commonly applied statistical quality control method for studying
the variation in output from a manufacturing process. Shewhart charts are typically used to distinguish
variation due to special causes from variation due to common causes. Special causes, also referred to as
assignable causes, are local, sporadic problems such as the failure of a particular machine or a mistakenly
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recorded measurement. Common causes are problems inherent in the manufacturing system as a whole.
Examples of common causes are inadequate product design, inherited defective material, and excessive

humidity.

When the special causes have been identified and eliminated, the process is said to be in statistical control.
Once statistical control has been established, Shewhart charts can be used to monitor the process for the
occurrence of future special causes and to measure and reduce the effects of common causes.

Deming (1982) emphasized that the improvement of a process can begin only after statistical control has
been established. Deming also noted that control chart techniques are applicable to quality improvement in

service industries as well as manufacturing industries.

Characteristics of Shewhart Charts

Figure 17.1 illustrates a typical Shewhart chart.

Figure 17.1 A Shewhart Control Chart
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All Shewhart charts have the following characteristics:

* Each point represents a summary statistic computed from a sample of measurements of a quality
characteristic. For example, the summary statistic might be the average value of a critical dimension of
five items selected at random, or it might be the proportion of nonconforming items in a sample of 100

items.

* The vertical axis of a Shewhart chart is scaled in the same units as the summary statistic.

* The samples from which the summary statistics are computed are referred to as rational subgroups
or subgroup samples. The organization of the data into subgroups is critical to the interpretation of
a Shewhart chart. Shewhart (1931) advocated selecting rational subgroups so that variation within
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subgroups is minimized and variation among subgroups is maximized; this makes the chart more
sensitive to shifts in the process level. Various approaches to subgrouping are discussed by Grant and
Leavenworth (1988), Montgomery (1996), and Kume (1985).

* The horizontal axis of a Shewhart chart identifies the subgroup samples. Frequently, the samples
are indexed according to the order in which they were taken or the time at which they were taken.
Subgroup samples can also be assigned labels that indicate some other type of classification (for
example, lot number).

The central line on a Shewhart chart indicates the average (expected value) of the summary statistic
when the process is in statistical control.

* The upper and lower control limits, labeled UCL and LCL, respectively, indicate the range of variation
to be expected in the summary statistic when the process is in statistical control. The control limits
are commonly computed as 30 limits' representing three standard errors® of variation in the summary
statistic above and below the central line. However, the limits can also be determined using a multiple
of the standard error other than three, or from a specified probability («) that a single summary statistic
will exceed the limits when the process is in statistical control. Limits determined by the latter method
are referred to as probability limits.

The control limits are also determined by the subgroup sample size because the standard error of the
summary statistic is a function of sample size. If the sample size is constant across subgroups, the
control limits are typically horizontal lines, as in Figure 17.1. However, if the sample size varies from
subgroup to subgroup, the limits are usually adjusted to compensate for the effect of sample size,
resulting in step-like boundaries.

Control limits can be estimated from the data being analyzed, or they can be standard, previously
determined values. Estimated limits are often used when statistical control is being established, and
standard limits are often used when statistical control is being maintained.

* A point outside the control limits signals the presence of a special cause of variation. Additionally, fests
for special causes (also referred to as Western Electric rules and runs tests) can signal an out-of-control
condition if a statistically unusual pattern of points is observed in the control chart. For example, one
pattern used to diagnose the existence of a trend is seven consecutive steadily increasing points.

When the process is in statistical control, a point may fall outside the control limits purely by chance,
resulting in a false out-of-control signal. However, when the Shewhart chart correctly signals the
presence of a special cause, additional action is needed to determine the nature of the problem and
eliminate it.

Classification of Shewhart Charts

Shewhart charts are broadly classified according to the type of data analyzed.

'In this context, the symbol ¢ always stands for the standard error of the subgroup summary statistic that is plotted on the chart.
Elsewhere in this section, o is also used to denote the standard deviation of a process, also referred to as the population standard
deviation. This dual usage is standard practice.

2The term standard deviation is also used by some authors to refer to this quantity; see, for example, Montgomery (1996).
This section uses the term standard error for the dispersion of the distribution of a statistic and the term standard deviation for the
dispersion of a distribution of individual measurements.
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» Shewhart charts for variables are used when the quality characteristic of a process is measured on a
continuous scale.

» Shewhart charts for attributes are used when the quality characteristic of a process is measured
by counting the number of nonconformities (defects) in an item or the number of nonconforming
(defective) items in a sample.

Shewhart charts for variables are further classified according to the subgroup summary statistic plotted on the
chart.

* X and R charts display subgroup means (averages) and ranges. Typically the two charts are presented
on the same page, with the X chart aligned above the R chart to facilitate the simultaneous analysis of
the central tendency and variability of the process.

* X and s charts display subgroup means (averages) and standard deviations. Typically the two charts
are presented on the same page, with the X chart aligned above the s chart.

* Median and range charts display subgroup medians and ranges. Typically the two charts are presented
on the same page, with the median chart aligned above the R chart.

* Charts for individual measurements and moving ranges display individual measurements and moving
ranges of two of more successive measurements. In this case the subgroup sample consists of a single
observation.

Likewise, Shewhart charts for attributes are classified according to the subgroup summary statistic plotted on
the chart:

* A p chart displays the proportion of nonconforming (defective) items in a subgroup sample.
* An np chart displays the number of nonconforming (defective) items in a subgroup sample.

* A u chart displays the number of nonconformities (defects) per unit in a subgroup sample consisting of
an arbitrary number of units.

* A c chart displays the number of nonconformities (defects) in a unit (here, a subgroup sample typically
consists of one unit).

You can create all of the preceding types of Shewhart charts with the SHEWHART procedure. In addition,
you can create a wide variety of nonstandard Shewhart charts, including

« a trend chart displaying a time trend plot and an X chart (or median chart) that has been created
removing the time trend from the data. The trend chart and X chart are presented on the same page,
with the X aligned above the trend chart, to facilitate the detection of special causes after accounting
for the time trend effect. Trend charts are applicable when a time trend (for instance, due to tool wear)
is observed in a preliminary X chart of the original data.

* a box chart displaying a box plot (box-and-whisker plot) for each subgroup and control limits for the
subgroup means. This chart facilitates detailed analysis of the subgroup distributions and is applicable
with large subgroup sample sizes (ten or more).
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Learning to Use the SHEWHART Procedure

Although the SHEWHART procedure provides a large number of options, you can use the procedure to

create a basic Shewhart chart with as few as two SAS statements:

* the PROC SHEWHART statement, which starts the procedure and specifies the input SAS data set

* a chart statement, which specifies the type of Shewhart chart you want to create and the variables in
the input data set that you want to analyze

For example, you can use the following statements to create X and R charts with 3¢ limits for measurements
read from a SAS data set named Drums:

proc shewhart data=Drums;
xrchart Flangewidth * Hour;

run;

The keyword XRCHART in the chart statement specifies that X and R charts are to be created. The following

SAS variables are specified in the XRCHART statement:

* A SAS variable (Flangewidth), whose values are the process measurements, is specified before the

asterisk. This variable is referred to as the process.

* A SAS variable (Hour), whose values classify the measurements into subgroups, is specified after the
asterisk. This variable is referred to as a subgroup-variable.

The same form of specification is used with other chart statements to create different types of Shewhart charts.
The following table lists the 13 chart statements that are available with the SHEWHART procedure:

Table 17.1 Chart Statements in the SHEWHART Procedure

Statement Chart(s) Displayed “Getting Started” Section
BOXCHART box chart with optional trend chart “Getting Started: BOXCHART Statement” on page 1371
CCHART ¢ chart “Getting Started: CCHART Statement” on page 1437
IRCHART individual and moving range charts “Getting Started: IRCHART Statement” on page 1474
MCHART median chart with optional trend chart “Getting Started: MCHART Statement” on page 1514
MRCHART  median and R charts “Getting Started: MRCHART Statement” on page 1557
NPCHART np chart “Getting Started: NPCHART Statement” on page 1601
PCHART p chart “Getting Started: PCHART Statement” on page 1640
RCHART R chart “Getting Started: RCHART Statement” on page 1684
SCHART s chart “Getting Started: SCHART Statement” on page 1722
UCHART u chart “Getting Started: UCHART Statement” on page 1756
XCHART X chart with optional trend chart “Getting Started: XCHART Statement” on page 1795
XRCHART X and R charts “Getting Started: XRCHART Statement” on page 1838
XSCHART X and s charts “Getting Started: XSCHART Statement” on page 1887
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If you are using the SHEWHART procedure for the first time, you should do the following:

* Read “PROC SHEWHART and General Statements” on page 1362.

* Read the “Getting Started” subsection in the section for the chart statement you need to create your
chart. Table 17.1 provides links to these sections.

Once you have learned to use a particular chart statement, you will find it straightforward to use the remaining
chart statements since their syntax is nearly the same. A separate, self-contained section is provided for each
chart statement.

PROC SHEWHART and General Statements

Overview: SHEWHART Procedure

The PROC SHEWHART statement starts the SHEWHART procedure and it optionally identifies various
data sets.

To create a Shewhart chart, you specify a chart statement (after the PROC SHEWHART statement) that
specifies the type of Shewhart chart you want to create and the variables in the input data set that you want to
analyze. For example, the following statements request X and R charts:

proc shewhart data=Values;
xrchart Weightx*Lot;
run;

Here, the DATA= option specifies an input data set (Values) with the process measurement variable (Weight)
and the subgroup-variable (Lot).

You can use options in the PROC SHEWHART statement to
* specify input data sets containing variables to be analyzed, control limit information, or annotation
information
* specify a graphics catalog for saving traditional graphics
* specify whether charts are to be produced as traditional graphics or line printer charts
* define characters used for features on line printer charts

See Chapter 3, “SAS/QC Graphics,” for a detailed discussion of the alternatives available for producing
charts with SAS/QC procedures.

NOTE: If you are learning to use the SHEWHART procedure, you should read both this section and the
“Getting Started” subsection in the section for the chart statement that corresponds to the chart you want to
create.
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Syntax: SHEWHART Procedure

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

PROC SHEWHART < options> ;
BOXCHART (processes) * subgroup-variable < (block-variables) >
<=symbol-variable | ='character’> < / options> ;
CCHART (processes) * subgroup-variable < (block-variables) >
<=symbol-variable | =‘character’> < / options> ;
IRCHART (processes) * subgroup-variable < (block-variables) >
<=symbol-variable | =‘character’> < / options> ;
MCHART (processes) * subgroup-variable < (block-variables) >
<=symbol-variable | =‘character’> < / options> ;
MRCHART (processes) x subgroup-variable < (block-variables) >
<=symbol-variable | =‘character’> < / options> ;
NPCHART (processes) * subgroup-variable < (block-variables) >
<=symbol-variable | =‘character’> < / options> ;
PCHART (processes) *x subgroup-variable < (block-variables) >
<=symbol-variable | ='character’> < / options> ;
RCHART (processes) * subgroup-variable < (block-variables) >
<=symbol-variable | ='character’> < / options> ;
SCHART (processes) x subgroup-variable < (block-variables) >
<=symbol-variable | ='character’> < / options > ;
UCHART (processes) * subgroup-variable < (block-variables) >
<=symbol-variable | =‘character’> < / options> ;
XCHART (processes) *x subgroup-variable < (block-variables) >
<=symbol-variable | =‘character’> < / options> ;
XRCHART (processes) * subgroup-variable < (block-variables) >
<=symbol-variable | =‘character’> < / options> ;
XSCHART (processes) * subgroup-variable < (block-variables) >
<=symbol-variable | =‘character’> < / options> ;
INSET keyword-list < / options> ;
INSET2 keyword-list < / options> ;

The PROC SHEWHART statement invokes the procedure and specifies the input data set. The chart statements
create different types of control charts. You can specify one or more of each of the chart statements. For
details, read the section on the chart statement that corresponds to the type of control chart you want to
produce.

In addition, you can optionally specify one of each of the following statements:

BY Statement
BY variables ;

You can specify a BY statement with PROC SHEWHART to obtain separate analyses of observations in
groups that are defined 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 specified is used.
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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 SHEWHART
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).

For more information about BY-group processing, see the discussion in SAS Language Reference: Concepts.
For more information about the DATASETS procedure, see the discussion in the Base SAS Procedures Guide.

ID Statement
ID variables ;

The ID statement specifies variables used to identify observations. The ID variables must be variables in the
DATA= or HISTORY= input data sets.

The ID variables are used in the following ways:

¢ If you create an OUTHISTORY= or OUTTABLE-= data set, the ID variables are included. If the input
data set is a DATA= data set, only the values of the ID variables from the first observation in each
subgroup are passed to the output data set.

* If you specify the TABLEID or TABLEALL options in a chart statement, the table produced is
augmented by a column for each of the ID variables. Only the values of the ID variables from the first
observation in each subgroup are tabulated. See the entry for the TABLEID option in “Dictionary of
Options: SHEWHART Procedure” on page 1946.

* If you specify the BOXSTYLE=SCHEMATICID option or the BOXSTYLE= SCHEMATICIDFAR
option in the BOXCHART statement, the value of the first variable listed in the ID statement is used to
label each extreme observation. See Output 17.2.3 and Output 17.2.4.

Graphical Enhancement Statements

You can use TITLE, FOOTNOTE, and NOTE statements to enhance graphical and printed output. If you are
creating traditional graphics, you can also use AXIS, LEGEND, and SYMBOL statements to enhance your
charts. For details, refer to SAS/GRAPH: Reference and see the section for the control chart statement that
you are using.

PROC SHEWHART Statement
The syntax for the PROC SHEWHART statement is as follows:
PROC SHEWHART < options> ;

The PROC SHEWHART statement starts the SHEWHART procedure, and it optionally identifies various
data sets and requests graphics output. The following section lists all options. See “Dictionary of Options”
on page 1365 below for detailed information.
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Summary of Options
The following table lists the PROC SHEWHART options by function:

Table 17.2 PROC SHEWHART Statement Options

Option Description

Input Data Sets Options

ANNOTATE= specifies input data set containing annotation information for
primary chart

ANNOTATE2= specifies input data set containing annotation information for
secondary chart

BOX= specifies input data set containing summary statistics, control
limits, and box chart outlier values

DATA= specifies input data set containing raw data

HISTORY= specifies input data set containing summary statistics

LIMITS= specifies input data set containing control limits

TABLE= specifies input data set containing summary statistics and con-
trol limits

TESTHTML= specifies input data set defining links to be associated with
subgroups with positive tests for special causes

TESTURLS= specifies input data set containing URLSs associated with sub-

groups with positive tests for special causes
Plotting and Graphics Options

FORMCHAR( (index)= defines characters used for features on charts
GOUT= specifies catalog for saving traditional graphics output
LINEPRINTER requests line printer charts be produced

Dictionary of Options

The following entries provide detailed descriptions of options in the PROC SHEWHART statement.

ANNOTATE=SAS-data-set

ANNO=SAS-data-set
specifies an input data set containing Annotate variables as described in SAS/GRAPH: Reference. You
can use this data set to add features to traditional graphics. Use this data set only when creating tradi-
tional graphics. This option is ignored if ODS Graphics is enabled or if you specify the LINEPRINTER
option. Features provided in this data set are displayed on every chart produced in the current run of
PROC SHEWHART.

ANNOTATE2=SAS-data-set

ANNO2=SAS-data-set
specifies an input data set that contains annotate variables. You can use this data set to add features to
the secondary chart in statements that produce two charts (the IRCHART, MRCHART, XRCHART, and
XSCHART statements and, when you specify the TRENDVAR= option, the BOXCHART, MCHART,
and XCHART statements). The restrictions and features are the same as those for the ANNOTATE=
option.
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BOX=SAS-data-set
names an input data set that contains subgroup summary statistics, control limits, and outlier values in
“strung out” form, with more than one observation per subgroup. Each observation corresponds to one
feature of one subgroup’s box-and-whisker plot. Typically, this data set is created as an OUTBOX=
data set in a previous run of PROC SHEWHART with a BOXCHART statement. The BOX= data set
is the only kind of summary data set you can use to produce schematic box-and-whisker plots. The
BOXCHART statement is the only chart statement you can use with a BOX= input data set.

You cannot use a BOX= data set together with a DATA=, HISTORY=, or TABLE= data set. If you do
not specify one of these four input data sets, PROC SHEWHART uses the most recently created data
set as a DATA= data set.

DATA=SAS-data-set
names an input data set that contains raw data as observations. Note that the DATA= data set may need
sorting. If the values of the subgroup-variable are numeric, you must sort the data set so that these
values are in increasing order (within BY groups). Use PROC SORT if the data are not already sorted.

The DATA= data set may contain more than one observation for each value of the subgroup-variable.
This happens, for example, when you produce a control chart for means and ranges with the XRCHART
statement.

You cannot use a DATA= data set together with a BOX=, HISTORY=, or TABLE= data set. If you do
not specify one of these four input data sets, PROC SHEWHART uses the most recently created data
set as a DATA= data set. For more information, see the “DATA= Data Set” subsection in the section
for the chart statement you are using.

FORMCHAR(index)="string’
defines characters used for features on legacy line printer charts, where index is a list of numbers
ranging from 1 to 17, and string is a character or hexadecimal string. The index identifies which
features are controlled with the string characters, as discussed in the following table. If you specify the
FORMCHAR-= option and omit the index, the string controls all 17 features.

Value of index Description of Character Chart Feature
1 vertical bar frame
2 horizontal bar frame, central line
3 box character (upper left) frame
4 box character (upper middle) serifs, tick (horizontal axis)
5 box character (upper right) frame
6 box character (middle left) not used
7 box character (middle middle) serifs
8 box character (middle right) tick (vertical axis)
9 box character (lower left) frame
10 box character (lower middle) serifs
11 box character (lower right) frame
12 vertical bar control limits
13 horizontal bar control limits
14 box character (upper right) control limits
15 box character (lower left) control limits
16 box character (lower right) control limits
17 box character (upper left) control limits
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Not all printers can produce all the characters in the preceding list. By default, the form char-
acter list specified with the SAS system FORMCHAR= option is used; otherwise, the default is
FORMCHAR=‘|—-|+l—I=====". If you print to a PC screen or if 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,BA,CD,BB,C8,BC,D9'X

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

GOUT=graphics-catalog
specifies the graphics catalog for traditional graphics output from PROC SHEWHART. This is useful
if you want to save the output. The GOUT= option is used only when creating traditional graphics.
This option is ignored if ODS Graphics is enabled or if you specify the LINEPRINTER option.

HISTORY=SAS-data-set

HIST=SAS-data-set
names an input data set that contains subgroup summary statistics. For example, you can read sample
sizes, means, and ranges for the subgroups to create X and R charts. Typically, this data set is created
as an OUTHISTORY= data set in a previous run of PROC SHEWHART, but it can also be created
using a SAS summarization procedure such as the MEANS procedure.

Note that the HISTORY= data sets may need sorting. If the values of the subgroup-variable are
numeric, you need to sort the data set so that these values are in increasing order (within BY groups).
Use PROC SORT if the data are not already sorted. The HISTORY= data set can contain only one
observation for each value for the subgroup-variable.

You cannot use a HISTORY= data set together with a BOX=, DATA=, or TABLE= data set. If you
do not specify one of these four input data sets, PROC SHEWHART uses the most recently created
data set as a DATA= data set. For more information, see the “HISTORY= Data Set” subsection in the
section for the chart statement you are using.

LIMITS=SAS-data-set
names an input data set that contains preestablished control limits or the parameters from which control
limits can be computed. Each observation in a LIMITS= data set provides control limit information for
a process. Typically, this data set is created as an OUTLIMITS= data set in a previous run of PROC
SHEWHART.

If you omit the LIMITS= option, then control limits are computed from the data in the DATA= or
HISTORY= input data sets or read from the BOX= or TABLE= input data sets. For details about the
variables needed in a LIMITS= data set, see the “LIMITS= Data Set” subsection in the section for the
chart statement you are using.

LINEPRINTER
requests that legacy line printer charts be produced. By default, PROC SHEWHART produces ODS
Graphics output if ODS Graphics is enabled and traditional graphics output if ODS Graphics is disabled
and SAS/GRAPH is licensed.
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TABLE=SAS-data-set
names an input data set that contains subgroup summary statistics and control limits. Each observation
in a TABLE= data set provides information for a particular subgroup and process. Typically, this data
set is created as an OUTTABLE= data set in a previous run of PROC SHEWHART.

You cannot use a TABLE= data set together with a BOX=, DATA=, or HISTORY = data set. If you do
not specify one of these four input data sets, PROC SHEWHART uses the most recently created data
set as a DATA= data set. For more information, see the “TABLE= Data Set” subsection in the section
for the chart statement that you are using.

TESTHTML=SAS-data-set

names an input data set for creating links associated with tests for special causes when traditional
graphics output is directed into HTML. A TESTHTML= data set contains variables _ TEST_, _CHART_,
and _URL_. TEST_ and _CHART_ are numeric variables identifying a test for special causes (1-8)
and the primary or secondary chart (1 or 2). _URL_ is a character variable containing the HTML syntax
to create links associated with subgroups for which the given test on the given chart is positive. This
option is ignored if you are not producing traditional graphics. See the section “Interactive Control
Charts: SHEWHART Procedure” on page 2136 for more information.

TESTURLS=SAS-data-set

names an input data set for associating URLSs with tests for special causes when ODS Graphics output
is directed into HTML. A TESTURLS= data set contains variables TEST_, CHART_, and URL_.
_TEST_ and _CHART__ are numeric variables identifying a test for special causes (1-8) and the primary
or secondary chart (1 or 2). _URL_ is a character variable containing the URL to be associated
with subgroups for which the given test on the given chart is positive. This option is ignored when
ODS Graphics is disabled. See the section “Interactive Control Charts: SHEWHART Procedure” on
page 2136 for more information.
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Input and Output Data Sets: SHEWHART Procedure

Figure 17.2 summarizes the input and output data sets used with the SHEWHART procedure.

Figure 17.2 Input and Output Data Sets in the SHEWHART Procedure

DATA= | or TABLE= | or HISTORY=
AMNOTATE=
LIMITS = ANMNOTATE 2=

GOUT=

PROC SHEWHART faatslog]

GUTHISTORY= GUTLIMITS=

CUTTABLE=
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BOXCHART Statement: SHEWHART Procedure

Overview: BOXCHART Statement

The BOXCHART statement creates an X chart for subgroup means superimposed with box-and-whisker
plots of the measurements in each subgroup. Throughout this chapter, a chart of this type is referred to as a
box chart. This chart is recommended for large subgroup sample sizes (typically greater than ten). You can
also use the BOXCHART statement to create standard side-by-side box-and-whisker plots (see Example 17.2
and Example 17.3).

You can use options in the BOXCHART statement to

specify control limits for subgroup means or medians

compute control limits from the data based on a multiple of the standard error of the means (or medians)
or as probability limits

tabulate subgroup summary statistics and control limits

save control limits in an output data set

save subgroup summary statistics in an output data set

read preestablished control limits from a data set

apply tests for special causes (also known as runs tests and Western Electric rules)
specify one of several methods for estimating the process standard deviation

specify whether subgroup standard deviations or subgroup ranges are used to estimate the process
standard deviation

specify a known (standard) process mean and standard deviation for computing control limits

create a secondary chart that displays a time trend removed from the data (see “Displaying Trends in
Process Data” on page 2054)

specify one of several methods for calculating quantile statistics (percentiles)
control the style of the box-and-whisker plots

display distinct sets of control limits for data from successive time phases
add block legends and symbol markers to reveal stratification in process data
clip extreme points to make the chart more readable

display vertical and horizontal reference lines

control axis values and labels

control layout and appearance of the chart
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You have three alternatives for producing box charts with the BOXCHART 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: BOXCHART Statement

This section introduces the BOXCHART statement with simple examples that illustrate commonly used
options. Complete syntax for the BOXCHART statement is presented in the section “Syntax: BOXCHART
Statement” on page 1385, and advanced examples are given in the section “Examples: BOXCHART
Statement” on page 1416.

Creating Box Charts from Raw Data
NOTE: See Box Chart Examples in the SAS/QC Sample Library.

A petroleum company uses a turbine to heat water into steam that is pumped into the ground to make oil less
viscous and easier to extract. This process occurs 20 times daily, and the amount of power (in kilowatts) used
to heat the water to the desired temperature is recorded. The following statements create a SAS data set that
contains the power output measurements for 20 days:

data Turbine;

informat Day date7.;

format Day date5.;

label KWatts='Average Power Output';

input Day @;

do i=1 to 10;

input KWatts @;
output;

end;

drop i;

datalines;
04JUL94 3196 3507 4050 3215 3583 3617 3789 3180 3505 3454
04JUL94 3417 3199 3613 3384 3475 3316 3556 3607 3364 3721
05JUL94 3390 3562 3413 3193 3635 3179 3348 3199 3413 3562
05JUL94 3428 3320 3745 3426 3849 3256 3841 3575 3752 3347
06JUL94 3478 3465 3445 3383 3684 3304 3398 3578 3348 3369
06JUL94 3670 3614 3307 3595 3448 3304 3385 3499 3781 3711
07JUL94 3448 3045 3446 3620 3466 3533 3590 3070 3499 3457
07JUL94 3411 3350 3417 3629 3400 3381 3309 3608 3438 3567
08JUL94 3568 2968 3514 3465 3175 3358 3460 3851 3845 2983
08JUL94 3410 3274 3590 3527 3509 3284 3457 3729 3916 3633
09JUL94 3153 3408 3741 3203 3047 3580 3571 3579 3602 3335



1372 4 Chapter 17: The SHEWHART Procedure

09JUL94
10JUL94
10JUL94
11JUL94
11JUL94
12JUL94
12JUL94
13JUL9%4
13JUL94
14JUL94
14JUL94
15JUL94
15JUL9%4
16JUL94
16JUL94
17JUL94
17JUL94
18JULY94
18JUL94
19JUL9%4
19JUL9%4
20JUL94
20JUL94
21JUL94
21JUL94
22JUL94
22JUL94
23JUL94
23JUL94

’

A partial listing of Turbine is shown in Figure 17.3. This data set is said to be in “strung-out” form since each
observation contains the day and power output for a single heating. The first 20 observations contain the
outputs for the first day, the second 20 observations contain the outputs for the second day, and so on. Because
the variable Day classifies the observations into rational subgroups, it is referred to as the subgroup-variable.
The variable KWatts contains the output measurements and is referred to as the process variable (or process

for short).

3494
3594
3495
3482
3330
3152
3206
3421
3296
3795
3594
3850
3365
3711
3769
3596
3306
3428
3588
3746
3727
3676
3383
3349
3401
3618
3415
3421
3756

3662
3711
3368
3546
3465
3269
3140
3381
3501
3872
3410
3431
3845
3648
3586
3436
3077
3760
3484
3426
3366
3475
3114
3422
3359
3324
3445
3787
3145

3586
3369
3726
3196
3994
3431
3562
4040
3366
3559
3335
3460
3520
3212
3540
3757
3357
3641
3759
3320
3288
3595
3431
3674
3167
3475
3561
3454
3571

3628
3341
3738
3379
3362
3438
3592
3467
3492
3432
3216
3623
3708
3664
3703
3288
3528
3393
3292
3819
3684
3122
3693
3501
3524
3621
3494
3699
3331

3881
3611
3250
3559
3309
3575
3722
3475
3367
3322
3336
3516
3202
3281
3320
3417
3530
3182
3063
3584
3500
3429
3363
3639
3561
3376
3140
3307
3725

3443
3496
3632
3235
3781
3476
3421
3285
3619
3587
3638
3810
3365
3371
3323
3331
3327
3381
3442
3877
3501
3474
3486
3682
3801
3540
3090
3917
3605

3456
3554
3415
3549
3211
3115
3471
3619
3550
3336
3419
3671
3731
3416
3480
3475
3113
3425
3712
3779
3427
3125
3928
3354
3496
3585
3561
3292
3547

3593
3400
3591
3445
3550
3146
3621
3325
3263
3732
3515
3602
3840
3636
3750
3600
3812
3467
3061
3506
3508
3307
3753
3595
3476
3320
3800
3310
3421

3827
3295
3787
3413
3637
3731
3361
3317
3355
3451
3399
3480
3182
3701
3490
3690
3711
3451
3815
3787
3392
3467
3552
3407
3480
3256
3056
3283
3257

3573
3002
3478
3859
3626
3171
3370
3472
3510
3215
3709
3388
3677
3385
3395
3534
3599
3189
3339
3676
3814
3832
3524
3400
3570
3443
3536
3536
3574
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Figure 17.3 Partial Listing of the Data Set Turbine
Kilowatt Power Output Data

Obs Day KWatts

1 04JUL 3196
2 04JUL 3507
3 04JUL 4050
4 04JUL 3215
5 04JUL 3583
6 04JUL 3617
7 04JUL 3789
8 04JUL 3180
9 04JUL 3505
10 04JUL 3454
11 04JUL 3417
12 04JUL 3199
13 04JUL 3613
14 04JUL 3384
15 04JUL 3475
16 04JUL 3316
17 04JUL 3556
18 04JUL 3607
19 04JUL 3364
20 04JUL 3721
21 05JUL 3390
22 05JUL 3562
23 05JUL 3413
24 05JUL 3193
25 05JUL 3635

You can use a box chart to examine the distribution of power output for each day and to determine whether
the mean level of the heating process is in control. The following statements create the box chart shown in
Figure 17.4:

ods graphics off;

title 'Box Chart for Power Output';

symbol v=dot;

proc shewhart data=Turbine;
boxchart KWattsx*Day;

run;

This example illustrates the basic form of the BOXCHART statement. After the keyword BOXCHART, you
specify the process to analyze (in this case, KWatts), followed by an asterisk and the subgroup-variable (Day).
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Figure 17.4 Box Chart for Power Output Data (Traditional Graphics)
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The input data set is specified with the DATA= option in the PROC SHEWHART statement.

By default, the BOXCHART statement requests an X chart superimposed with box-and-whisker plots for each
subgroup. Table 17.3 lists the summary statistics represented by each plot. For details on the computation of
percentiles, see “Percentile Definitions” on page 1414.

Table 17.3 Summary Statistics Represented by Box-and-Whisker Plots

Subgroup Summary Statistic Feature of Box-and-Whisker Plot

Maximum Endpoint of upper whisker

Third quartile (75th percentile) Upper edge of box

Median (50th percentile) Line inside box

Mean Symbol marker (in this example, a dot)
First quartile (25th percentile) = Lower edge of box

Minimum Endpoint of lower whisker

The within-subgroup variation in power output is stable, as indicated in Figure 17.4 by the edges of the boxes
and the endpoints of the whiskers. Since the subgroup means, indicated by the dots, lie within the control
limits, you can conclude that the heating process is in statistical control.
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The skeletal style of the box-and-whisker plots shown in Figure 17.4 is the default. You can request different
styles, as illustrated in Example 17.2. By default, the control limits shown are 30 limits estimated from the
data; the formulas for the limits are given in Table 17.5 and Table 17.6.

You can also create box charts in which the control limits apply to the subgroup medians. For example, the
following statements create the chart shown in Figure 17.5:

title 'Box Chart for Power Output';
proc shewhart data=Turbine;

boxchart KWattsx*Day / controlstat = median;
run;

The CONTROLSTAT=MEDIAN option requests control limits that apply to the medians. Alternatively, you
can specify the NOLIMITS option to suppress the display of control limits and create ordinary side-by-side
box-and-whisker plots. See Example 17.2.

Options such as CONTROLSTAT= and NOLIMITS are specified after the slash (/) in the BOXCHART
statement. A complete list of options is presented in the section “Syntax: BOXCHART Statement” on
page 1385.

Figure 17.5 Box Chart for Power Output Data (Traditional Graphics)
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Creating Box Charts from Subgroup Summary Data
NOTE: See Box Chart Examples in the SAS/QC Sample Library.

The previous example illustrates how you can create box charts using raw data (process measurements).
However, in many applications the data are provided as subgroup summary statistics. This example illustrates
how you can use the BOXCHART statement with data of this type.

The following data set (Oilsum) provides the data from the preceding example in summarized form. There is
exactly one observation for each subgroup (note that the subgroups are still indexed by Day).

data Oilsum;
input Day KWattsL KWattsl KWattsX KWattsM
KWatts3 KWattsH KWattsR KWattsN;
informat Day date7. ;
format Day date5. ;
label Day ='Date of Measurement'
KWattsL='Minimum Power Output'
KWattsl='25th Percentile'’
KWattsX='Average Power Output'
KWattsM='Median Power Output'
KWatts3='75th Percentile'
KWattsH='Maximum Power Output'
KWattsR='Range of Power Output'
KWattsN='Subgroup Sample Size';
datalines;

04JUL94 3180 3340.0 3487.40 3490.0 3610.0 4050 870 20
05JUL94 3179 3333.5 3471.65 3419.5 3605.0 3849 670 20
06JUL94 3304 3376.0 3488.30 3456.5 3604.5 3781 477 20
07JUL94 3045 3390.5 3434.20 3447.0 3550.0 3629 584 20
08JUL94 2968 3321.0 3475.80 3487.0 3611.5 3916 948 20
09JUL94 3047 3425.5 3518.10 3576.0 3615.0 3881 834 20
10JUL94 3002 3368.5 3492.65 3495.5 3621.5 3787 785 20
11JUL94 3196 3346.0 3496.40 3473.5 3592.5 3994 798 20
12JUL94 3115 3188.5 3398.50 3426.0 3568.5 3731 616 20
13JUL94 3263 3340.0 3456.05 3444.0 3505.5 4040 777 20
14JUL94 3215 3336.0 3493.60 3441.5 3616.0 3872 657 20
15JUL94 3182 3409.5 3563.30 3561.0 3719.5 3850 668 20
16JUL94 3212 3378.0 3519.05 3515.0 3682.5 3769 557 20
17JUL94 3077 3329.0 3474.20 3501.5 3599.5 3812 735 20
18JUL94 3061 3315.5 3443.60 3435.0 3614.5 3815 754 20
19JUL94 3288 3426.5 3586.35 3546.0 3762.5 3877 589 20
20JUL94 3114 3373.0 3486.45 3474.5 3635.5 3928 814 20
21JUL94 3167 3400.5 3492.90 3488.0 3582.5 3801 634 20
22JUL94 3056 3322.0 3432.80 3460.0 3561.0 3800 744 20
23JUL94 3145 3308.5 3496.90 3495.0 3652.0 3917 772 20

’

A partial listing of Oilsum is shown in Figure 17.6.
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Figure 17.6 The Summary Data Set Oilsum
Summary Data Set for Power Outputs

Day KWattsL KWatts1 KWattsX KWattsM KWatts3 KWattsH KWattsR KWattsN

04JUL 3180 3340.0 3487.40 3490.0 3610.0 4050 870 20
05JUL 3179 33335 347165 34195  3605.0 3849 670 20
06JUL 3304 3376.0 348830 34565 3604.5 3781 477 20
07JUL 3045 33905 343420 3447.0 3550.0 3629 584 20
08JUL 2968 3321.0 347580 3487.0 36115 3916 948 20

There are eight summary variables in Oilsum.

KWattsL contains the subgroup minimums (low values).

» KWatts1 contains the 25th percentile (first quartile) for each subgroup.
» KWattsX contains the subgroup means.

» KWattsM contains the subgroup medians.

» KWatts3 contains the 75th percentile (third quartile) for each subgroup.
* KWattsH contains the subgroup maximums (high values).

* KWattsR contains the subgroup ranges.

* KWattsN contains the subgroup sample sizes.

You can read this data set by specifying it as a HISTORY= data set in the PROC SHEWHART statement, as
illustrated by the following statements, which create the box chart shown in Figure 17.7:

options nogstyle;

goptions ftext=swiss;

symbol color = salmon h = .8;
title 'Box Chart for Power Output';
proc shewhart history=0Oilsum;

boxchart KWattsxDay / cinfill = ligr
cboxfill = ywh
cboxes = dagr
cframe = vligb
ranges;

run;
options gstyle;

The NOGSTYLE system option causes ODS styles not to affect traditional graphics. Instead, the SYMBOL
statement and BOXCHART statement options control the appearance of the graph. The GSTYLE system
option restores the use of ODS styles for traditional graphics produced subsequently.

Note that the process KWatts is not the name of a SAS variable in the data set but is, instead, the common
prefix for the names of the eight summary variables. The suffix characters L, 1, X, M, 3, H, R, and N indicate
the contents of the variable. For example, the suffix characters / and 3 indicate first and third quartiles. The
name Day specified after the asterisk is the name of the subgroup-variable.
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Figure 17.7 Box Chart for Power Output Data (Traditional Graphics with NOGSTYLE)
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In general, a HISTORY= input data set used with the BOXCHART statement must contain the following
variables:

* subgroup variable

* subgroup minimum variable

* subgroup first quartile variable

* subgroup mean variable

* subgroup median variable

* subgroup third quartile variable

* subgroup maximum variable

* subgroup sample size variable

* either a subgroup standard deviation variable or a subgroup range variable
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Furthermore, the names of the summary variables must begin with the process name specified in the
BOXCHART statement and end with the appropriate suffix character. If the names do not follow this
convention, you can use the RENAME option in the PROC SHEWHART statement to rename the variables
for the duration of the SHEWHART procedure step (see “Creating Charts for Means and Ranges from
Summary Data” on page 1841).

If you specify the RANGES option in the BOXCHART statement, the HISTORY= data set must contain a
subgroup range variable; otherwise, the HISTORY= data set must contain a subgroup standard deviation
variable. The RANGES option specifies that the estimate of the process standard deviation o is to be
calculated from subgroup ranges rather than subgroup standard deviations. For example, in the following
statements, the data set Oilsum2 must contain a subgroup standard deviation variable named KWattsS,
because the RANGES option not specified:

title 'Box Chart for Power Output';

proc shewhart history=0Oilsum2;
boxchart KWattsx*Day;

run;

In summary, the interpretation of process depends on the input data set.

 If raw data are read using the DATA= option (as in the previous example), process is the name of the
SAS variable containing the process measurements.

* If summary data are read using the HISTORY= option (as in this example), process is the common
prefix for the names of the variables containing the summary statistics.

For more information, see “HISTORY= Data Set” on page 1408.

Saving Summary Statistics
NOTE: See Box Chart Examples in the SAS/QC Sample Library.

In this example, the BOXCHART statement is used to create a summary data set that can be read later by the
SHEWHART procedure (as in the preceding example). The following statements read measurements from
the data set Turbine and create a summary data set named Turbhist:

title 'Summary Data Set for Power Output’;
proc shewhart data=Turbine;
boxchart KWattsxDay / outhistory = Turbhist
nochart;
run;

The OUTHISTORY= option names the output data set, and the NOCHART option suppresses the display of
the chart, which would be identical to the chart in Figure 17.4.

Figure 17.8 contains a partial listing of Turbhist.
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Figure 17.8 The Summary Data Set Turbhist
Summary Data Set for Power Output

Obs Day KWattsL KWatts1 KWattsX KWattsM KWatts3 KWattsH KWattsS KWattsN

1 04JUL 3180 3340.0 3487.40 3490.0 3610.0 4050 220.260 20
2 05JUL 3179 33335 347165 34195  3605.0 3849 210.427 20
3 06JUL 3304 3376.0 348830 34565 3604.5 3781 147.025 20
4 07JUL 3045 33905 343420 3447.0 3550.0 3629 157.637 20
5 08JUL 2968 3321.0 347580 3487.0 36115 3916 258.949 20

There are nine variables in the data set Turbhist.

* Day is the subgroup variable.

* KWattsL contains the subgroup minimums.

* KWatts1 contains the first quartiles for each subgroup.
* KWattsX contains the subgroup means.

* KWattsM contains the subgroup medians.

* KWatts3 contains the third quartiles for each subgroup.
* KWattsH contains the subgroup maximums.

» KWattsS contains the subgroup standard deviations.

» KWattsN contains the subgroup sample sizes.

Note that the summary statistic variables are named by adding the suffix characters L, I, X, M, 3, H, S,
and N to the process KWatts specified in the BOXCHART statement. In other words, the variable naming
convention for OUTHISTORY= data sets is the same as that for HISTORY= data sets.

If you specify the RANGES option, the OUTHISTORY= data set includes a subgroup range variable, rather
than a subgroup standard deviation variable, as demonstrated by the following statements:

proc shewhart data=Turbine;
boxchart KWattsxDay / outhistory = Turbhist2
ranges
nochart;
run;

Figure 17.9 contains a partial listing of Turbhist2. The variable KWattsR contains the subgroup ranges.

The RANGES option is not recommended when the subgroup sample sizes are greater than 10, nor when you
use the NOLIMITS option to create standard side-by-side box-and-whisker plots.

For more information, see “OUTHISTORY= Data Set” on page 1403.
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Figure 17.9 The Summary Data Set Turbhist2
Summary Data Set for Power Output

Day KWattsL KWatts1 KWattsX KWattsM KWatts3 KWattsH KWattsR KWattsN

04JUL 3180 3340.0 3487.40 3490.0 3610.0 4050 870 20
05JUL 3179 33335 347165 34195  3605.0 3849 670 20
06JUL 3304 3376.0 348830 34565 3604.5 3781 477 20
07JUL 3045 33905 343420 3447.0 3550.0 3629 584 20
08JUL 2968 3321.0 347580 3487.0 36115 3916 948 20

Saving Control Limits
NOTE: See Box Chart Examples in the SAS/QC Sample Library.

You can save the control limits for a box chart in a SAS data set; this enables you to apply the control limits
to future data (see “Reading Preestablished Control Limits” on page 1384) or modify the limits with a DATA
step program.

The following statements read measurements from the data set Turbine (see “Creating Box Charts from Raw
Data” on page 1371) and save the control limits displayed in Figure 17.4 in a data set named TURBLIM:

proc shewhart data=Turbine;
boxchart KWatts*Day / outlimits=Turblim
nochart;
run;

The OUTLIMITS= option names the data set containing the control limits, and the NOCHART option
suppresses the display of the chart. The data set Turblim is listed in Figure 17.10.

Figure 17.10 The Data Set Turblim Containing Control Limit Information
Control Limits for Power Output Data

_VAR_ _SUBGRP_ _TYPE_ _LIMITN_ _ALPHA__SIGMAS_ LCLX_ _MEAN_ _UCLX_
KWatts Day ESTIMATE 20 .002699796 3 3351.92 348541 3618.90

_LCLS_  _S_ _UCLS_ _STDDEV_
100.207 196396 292.584  198.996

The data set Turblim contains one observation with the limits for process KWatts. The variables _LCLX_ and
_UCLX_ contain the lower and upper control limits for the means, and the variable _MEAN_ contains the
central line. The value of _MEAN__is an estimate of the process mean, and the value of _STDDEV__ is an
estimate of the process standard deviation o. The value of _LIMITN_ is the nominal sample size associated
with the control limits, and the value of _SIGMAS_ is the multiple of o associated with the control limits.
The variables _VAR_ and _SUBGRP__ are bookkeeping variables that save the process and subgroup-variable.
The variable _TYPE_ is a bookkeeping variable that indicates whether the values of _MEAN_ and _STDDEV_
are estimates or standard values.
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The variables _LCLS_, _S_, and _UCLS_ are not used to create box charts, but they are included so that the
data set Turblim can be used to create an s chart; see “XSCHART Statement: SHEWHART Procedure” on
page 1886. If you specify the RANGES option in the BOXCHART statement, the variables _LCLR_, _R_,
and UCLR_, rather than the variables LCLS , S ,and UCLS , are included in the OUTLIMITS= data
set. These variables can be used to create an R chart; see “XRCHART Statement: SHEWHART Procedure”
on page 1837.

If you specify CONTROLSTAT=MEDIAN to request control limits for medians, the variables _LCLM_ and
_UCLM_, rather than the variables LCLX and UCLX , are included in the OUTLIMITS= data set as
demonstrated by the following statements:

proc shewhart data=Turbine;

boxchart KWatts*Day / outlimits = Turblim2
controlstat = median
nochart;

run;

Turblim2 is listed in Figure 17.11. For more information, see “OUTLIMITS= Data Set” on page 1400.

Figure 17.11 The Data Set Turblim2 Containing Control Limit Information
Control Limits for Power Output Data

_VAR_ _SUBGRP_ _TYPE_ _LIMITN_ _ALPHA_ _SIGMAS_ _LCLM__MEAN_ _UCLM_
KWatts Day ESTIMATE 20 .002776264 3 3319.85 3481.63 3643.40

_LCLS_  _S_ _UCLS_ _STDDEV_
100.207 196.396 292.584  198.996

You can create an output data set containing both control limits and summary statistics with the OUTTABLE=
option, as illustrated by the following statements:

title 'Summary Statistics and Control Limit Information';
proc shewhart data=Turbine;
boxchart KWattsxDay / outtable=Turbtab
nochart;
run;

The data set Turbtab is partially listed in Figure 17.12.
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Figure 17.12 The OUTTABLE= Data Set Turbtab
Summary Statistics and Control Limit Information

_VAR_ Day _SIGMAS_ _LIMITN_ _SUBN_ _LCLX_ _SUBX_ _MEAN_ _UCLX_ _STDDEV_

KWatts 04JUL 3 20 20 3351.92 3487.40 3485.41 3618.90 198.996
KWatts 05JUL 3 20 20 3351.92 3471.65 3485.41 3618.90 198.996
KWatts 06JUL 3 20 20 3351.92 348830 3485.41 3618.90 198.996
KWatts 07JUL 3 20 20 3351.92 3434.20 3485.41 3618.90 198.996
KWatts 08JUL 3 20 20 3351.92 3475.80 3485.41 3618.90 198.996
KWatts 09JUL 3 20 20 3351.92 3518.10 3485.41 3618.90 198.996
KWatts 10JUL 3 20 20 3351.92 3492.65 3485.41 3618.90 198.996
KWatts 11JUL 3 20 20 3351.92 3496.40 3485.41 3618.90 198.996
KWatts 12JUL 3 20 20 3351.92 3398.50 3485.41 3618.90 198.996
KWatts 13JUL 3 20 20 3351.92 3456.05 3485.41 3618.90 198.996
KWatts 14JUL 3 20 20 3351.92 3493.60 3485.41 3618.90 198.996
KWatts 15JUL 3 20 20 3351.92 3563.30 3485.41 3618.90 198.996
KWatts 16JUL 3 20 20 3351.92 3519.05 3485.41 3618.90 198.996
KWatts 17JUL 3 20 20 3351.92 347420 3485.41 3618.90 198.996
KWatts 18JUL 3 20 20 3351.92 3443.60 3485.41 3618.90 198.996
KWatts 19JUL 3 20 20 3351.92 3586.35 3485.41 3618.90 198.996
KWatts 20JUL 3 20 20 3351.92 3486.45 3485.41 3618.90 198.996
KWatts 21JUL 3 20 20 3351.92 349290 3485.41 3618.90 198.996
KWatts 22JUL 3 20 20 3351.92 3432.80 3485.41 3618.90 198.996
KWatts 23JUL 3 20 20 3351.92 3496.90 3485.41 3618.90 198.996

_EXLIM_ _SUBMIN_ _SUBQ1_ _SUBMED_ _SUBQ3_ _SUBMAX_

3180 3340.0 3490.0 3610.0 4050
3179 33335 3419.5 3605.0 3849
3304 3376.0 3456.5 3604.5 3781
3045 3390.5 3447.0 3550.0 3629
2968 3321.0 3487.0 3611.5 3916
3047 3425.5 3576.0 3615.0 3881
3002 3368.5 3495.5 3621.5 3787
3196 3346.0 3473.5 3592.5 3994
3115 3188.5 3426.0 3568.5 3731
3263 3340.0 3444.0 3505.5 4040
3215 3336.0 3441.5 3616.0 3872
3182 3409.5 3561.0 3719.5 3850
3212 3378.0 3515.0 3682.5 3769
3077 3329.0 3501.5 3599.5 3812
3061 3315.5 3435.0 3614.5 3815
3288 3426.5 3546.0 3762.5 3877
3114 3373.0 3474.5 3635.5 3928
3167 3400.5 3488.0 3582.5 3801
3056 3322.0 3460.0 3561.0 3800

3145 3308.5 3495.0 3652.0 3917
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This data set contains one observation for each subgroup sample. The variable _SUBMIN_ contains the
subgroup minimums, and the variable _SUBQ1_ contains the first quartile for each subgroup. The variable
_SUBX_ contains the subgroup means, and the variable _SUBMED__ contains the subgroup medians. The
variable _SUBQS3_ contains the third quartiles, and the variable _SUBMAX_ contains the subgroup maximums.
The variable _SUBN__ contains the subgroup sample sizes. The variables _LCLX_and _UCLX_ contain the
lower and upper control limits for the means. The variable _MEAN__ contains the central line. The variables
_VAR_ and Day contain the process name and values of the subgroup-variable, respectively. For more
information, see “OUTTABLE= Data Set” on page 1405.

An OUTTABLE-= data set can be read later as a TABLE= data set. For example, the following statements
read Turbtab and display a box chart (not shown here) that is identical to the chart in Figure 17.4:

title 'Box Chart for Power Output';
proc shewhart table=Turbtab;
boxchart KWattsxDay;

label _SUBX = 'Average Power Output';

run;
Because the SHEWHART procedure simply displays the information in a TABLE= data set, you can use
TABLE= data sets to create specialized control charts (see “Specialized Control Charts: SHEWHART
Procedure” on page 2096).

For more information, see “TABLE= Data Set” on page 1409.

Reading Preestablished Control Limits
NOTE: See Box Chart Examples in the SAS/QC Sample Library.

In the previous example, the OUTLIMITS= data set TURBLIM saved control limits computed from the
measurements in Turbine. This example shows how these limits can be applied to new data. The following
statements create the box chart in Figure 17.13 using new measurements in a data set named Turbine2 (not
listed here) and the control limits in TURBLIM:

title 'Box Chart for Power Output';

ods graphics on;

proc shewhart data=Turbine2 limits=Turblim;
boxchart KWattsxDay / odstitle=title;

run;

The ODS GRAPHICS ON statement specified before the PROC SHEWHART statement enables ODS
Graphics, so the box chart is created by using ODS Graphics instead of traditional graphics.

The LIMITS= option in the PROC SHEWHART statement specifies the data set containing the control limits.
By default, this information is read from the first observation in the LIMITS= data set for which

* the value of _VAR_ matches the process name KWatts

* the value of _SUBGRP_ matches the subgroup-variable name Day

The chart reveals an increase in variability beginning on August 1.
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Figure 17.13 Box Chart for Second Set of Power Outputs (ODS Graphics)

Box Chart for Power Output
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In this example, the LIMITS= data set was created in a previous run of the SHEWHART procedure. You
can also create a LIMITS= data set with the DATA step. See “LIMITS= Data Set” on page 1407 for details
concerning the variables that you must provide.

Syntax: BOXCHART Statement
The basic syntax for the BOXCHART statement is as follows:
BOXCHART process * subgroup-variable ;
The general form of this syntax is as follows:

BOXCHART processes * subgroup-variable < (block-variables) >
<=symbol-variable | ='character’> / < options> ;

You can use any number of BOXCHART statements in the SHEWHART procedure. The components of the
BOXCHART statement are described as follows.
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process

processes

identify one or more processes to be analyzed. The specification of process depends on the input data
set specified in the PROC SHEWHART statement.

* If raw data are read from a DATA= data set, process must be the name of the variable containing
the raw measurements. For an example, see “Creating Box Charts from Raw Data” on page 1371.

* If summary data are read from a HISTORY= data set, process must be the common prefix of the
summary variables in the HISTORY= data set. For an example, see “Creating Box Charts from
Subgroup Summary Data” on page 1376.

 If summary data and control limits are read from a TABLE= data set, process must be the value
of the variable _VAR_ in the TABLE= data set. For an example, see “Saving Control Limits” on
page 1381.

A process is required. If you specify more than one process, enclose the list in parentheses. For
example, the following statements request distinct box charts for Weight, Length, and Width:

proc shewhart data=summary;
boxchart (Weight Length Width) xDay;
run;

subgroup-variable
is the variable that identifies subgroups in the data. The subgroup-variable is required. In the preceding
BOXCHART statement, Day is the subgroup variable. For details, see “Subgroup Variables” on
page 1871.

block-variables
are optional variables that group the data into blocks of consecutive subgroups. These blocks are
labeled in a legend, and each block-variable provides one level of labels in the legend. See “Displaying
Stratification in Blocks of Observations” on page 2026 for an example.

symbol-variable
is an optional variable whose levels (unique values) determine the symbol marker or character used to
plot the means.

* If you produce a line printer chart, an ‘A’ is displayed for the points corresponding to the first
level of the symbol-variable, a ‘B’ is displayed for the points corresponding to the second level,
and so on.

* If you produce traditional graphics, distinct symbol markers are displayed for points correspond-
ing to the various levels of the symbol-variable. You can specify the symbol markers with
SYMBOL~# statements. See “Displaying Stratification in Levels of a Classification Variable” on
page 2025 for an example.

character
specifies a plotting character for line printer charts. For example, the following statements create a box
chart using an asterisk (*) to plot the means:
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proc shewhart data=values lineprinter;
boxchart weightxday='*";
run;

options
enhance the appearance of the box chart, request additional analyses, save results in data sets, and so
on. The “Summary of Options” on page 1387 section, which follows, lists all options by function.
“Dictionary of Options: SHEWHART Procedure” on page 1946 describes each option in detail.

Summary of Options

The following tables list the BOXCHART statement options by function. For complete descriptions, see
“Dictionary of Options: SHEWHART Procedure” on page 1946.

Table 17.4 BOXCHART Statement Options

Option Description

Options for Specifying Control Limits

ALPHA= requests probability limits for control charts

CONTROLSTAT= specifies whether control limits are computed for sub-
group means or subgroup medians

LIMITN= specifies either nominal sample size for fixed control
limits or varying limits

NOREADLIMITS computes control limits for each process from the data
rather than from a LIMITS= data set (SAS 6.10 and later
releases)

READALPHA reads ALPHA instead of _SIGMAS_ from a LIMITS=
data set

READINDEX= reads control limits for each process from a LIMITS=
data set

READLIMITS reads single set of control limits for each process from a
LIMITS= data set (SAS 6.09 and earlier releases)

SIGMAS= specifies width of control limits in terms of multiple k of

standard error of plotted statistic
Options for Displaying Control Limits

CINFILL= specifies color for area inside control limits

CLIMITS= specifies color of control limits, central line, and related
labels

LCLLABEL= specifies label for lower control limit on box chart

LIMLABSUBCHAR= specifies a substitution character for labels provided as

quoted strings; the character is replaced with the value of
the control limit

LLIMITS= specifies line type for control limits

NDECIMAL= specifies number of digits to right of decimal place in
default labels for control limits and central line in box
chart

NOCTL suppresses display of central line in box chart
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Table 17.4 continued

Option Description

NOLCL suppresses display of lower control limit in box chart

NOLIMITLABEL suppresses labels for control limits and central line

NOLIMITS suppresses display of control limits

NOLIMITSFRAME suppresses default frame around control limit informa-
tion when multiple sets of control limits are read from
LIMITS= data set

NOLIMITSLEGEND suppresses legend for control limits

NOUCL suppresses display of upper control limit in box chart

UCLLABEL= specifies label for upper control limit in box chart

WLIMITS= specifies width for control limits and central line

XSYMBOL= specifies label for central line in box chart

Process Mean and Standard Deviation Options

MEDCENTRAL= specifies method for estimating process mean [

MUO= specifies known value of (¢ for process mean u

RANGES specifies that estimate of process standard deviation o is
to be calculated from subgroup ranges

SIGMAO= specifies known value o for process standard deviation
o

SMETHOD= specifies method for estimating process standard devia-
tion o

TYPE= identifies whether parameters are estimates or standard

values and specifies value of _TYPE_ in the OUTLIM-
ITS= data set

Options for Controlling Box Appearance

BOXCONNECT=
BOXSTYLE=
BOXWIDTH=
BOXWIDTHSCALE=
CBOXES=
CBOXFILL=
IDCOLOR=
IDCTEXT=
IDFONT=
IDHEIGHT=
IDSYMBOL=

IDSYMBOLHEIGHT=

connects subgroup means, medians, maximum values,
minimum values, or quartiles in box-and-whisker plots
specifies style of box-and-whisker plots

specifies width of box-and-whisker plots

specifies that widths of box-and-whisker plots vary pro-
portionately to subgroup sample size

specifies color for outlines of box-and-whisker plots
specifies fill color for interior of box-and-whisker plots
specifies outlier symbol color in schematic box-and-
whisker plots

specifies text color to label outliers or process variable
values

specifies text font to label outliers or process variable
values

specifies text height to label outliers or process variable
values

specifies outlier symbol in schematic box-and-whisker
plots

specifies outlier symbol height in schematic box-and-
whisker plots
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Table 17.4 continued

Option Description

LBOXES= specifies line types for outlines of box-and-whisker plots

NOTCHES specifies that box-and-whisker plots are to be notched

PCTLDEF= specifies percentile definition used for box-and-whisker
plots

SERIFS adds serifs to the whiskers of skeletal box-and-whisker
plots

WHISKERPERCENTILE= specifies that whiskers be drawn to percentile values

Options for Plotting and Labeling Points

ALLLABEL= labels every point on box chart

ALLLABEL2= labels every point on trend chart

CCONNECT= specifies color for line segments that connect points on
chart

CFRAMELAB= specifies fill color for frame around labeled points

CLABEL= specifies color for labels

COUT= specifies color for portions of line segments that connect
points outside control limits

LABELANGLE= specifies angle at which labels are drawn

LABELFONT= specifies software font for labels (alias for the TEST-
FONT= option)

LABELHEIGHT= specifies height of labels (alias for the TESTHEIGHT=
option)

NOCONNECT suppresses line segments that connect points on chart

NOTRENDCONNECT suppresses line segments that connect points on trend
chart

OUTLABEL= labels points outside control limits on box chart

SYMBOLLEGEND= specifies LEGEND statement for levels of symbol-
variable

SYMBOLORDER= specifies order in which symbols are assigned for levels
of symbol-variable

TURNALLITURNOUT turns point labels so that they are strung out vertically

Options for Specifying Tests for Special Causes

INDEPENDENTZONES computes zone widths independently above and below
center line

NO3SIGMACHECK enables tests to be applied with control limits other than
30 limits

NOTESTACROSS suppresses tests across phase boundaries

TESTS= specifies tests for special causes for the box chart

TEST2RUN= specifies length of pattern for Test 2

TEST3RUN= specifies length of pattern for Test 3

TESTACROSS applies tests across phase boundaries

TESTLABEL= provides labels for points where test is positive

TESTLABELn= specifies label for nth test for special causes

TESTNMETHOD= applies tests to standardized chart statistics

TESTOVERLAP performs tests on overlapping patterns of points
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Table 17.4 continued

Option Description

TESTRESET= enables tests for special causes to be reset for the box
chart

WESTGARD= requests that Westgard rules be applied to the box chart

ZONELABELS adds labels A, B, and C to zone lines

ZONES adds lines to box chart delineating zones A, B, and C

ZONEVALPOS= specifies position of ZONEVALUES labels

ZONEVALUES labels zone lines with their values

Options for Displaying Tests for Special Causes

CTESTLABBOX= specifies color for boxes enclosing labels indicating
points where test is positive

CTESTS= specifies color for labels indicating points where test is
positive

CTESTSYMBOL= specifies color for symbol used to plot points where test
is positive

CZONES= specifies color for lines and labels delineating zones A,
B, and C

LTESTS= specifies type of line connecting points where test is posi-
tive

LZONES= specifies line type for lines delineating zones A, B, and C

TESTFONT= specifies software font for labels at points where test is
positive

TESTHEIGHT= specifies height of labels at points where test is positive

TESTLABBOX requests that labels for points where test is positive be
positioned so that do not overlap

TESTSYMBOL= specifies plot symbol for points where test is positive

TESTSYMBOLHT= specifies symbol height for points where test is positive

WTESTS= specifies width of line connecting points where test is

Axis and Axis Label Options

CAXIS=
CFRAME=
CTEXT=
DISCRETE

HAXIS=
HEIGHT=
HMINOR=
HOFFSET=
INTSTART=

NOHLABEL

positive

specifies color for axis lines and tick marks

specifies fill colors for frame for plot area

specifies color for tick mark values and axis labels
produces horizontal axis for discrete numeric group val-
ues

specifies major tick mark values for horizontal axis
specifies height of axis label and axis legend text
specifies number of minor tick marks between major tick
marks on horizontal axis

specifies length of offset at both ends of horizontal axis
specifies first major tick mark value on horizontal axis
when a date, time, or datetime format is associated with
numeric subgroup variable

suppresses label for horizontal axis
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Table 17.4 continued

Option

Description

NOTICKREP

NOVANGLE
SKIPHLABELS=

SPLIT=
TURNHLABELS

VAXIS=
VAXIS2=

VFORMAT=
VFORMAT2=

VMINOR=

VOFFSET=
VZERO

VZERO2

WAXIS=

Plot Layout Options
ALLN

BILEVEL
EXCHART

INTERVAL=

MAXPANELS=
NMARKERS

NOCHART
NOFRAME
NOLEGEND
NPANELPOS=

REPEAT

TOTPANELS=

specifies that only the first occurrence of repeated, adja-
cent subgroup values is to be labeled on horizontal axis
requests vertical axis labels that are strung out vertically
specifies thinning factor for tick mark labels on horizontal
axis

specifies splitting character for axis labels

requests horizontal axis labels that are strung out verti-
cally

specifies major tick mark values for vertical axis of box
chart

specifies major tick mark values for vertical axis of trend
chart

specifies format for primary vertical axis tick mark labels
specifies format for secondary vertical axis tick mark
labels

specifies number of minor tick marks between major tick
marks on vertical axis

specifies length of offset at both ends of vertical axis
forces origin to be included in vertical axis for primary
chart

forces origin to be included in vertical axis for secondary
chart

specifies width of axis lines

plots summary statistics for all subgroups

creates control charts using half-screens and half-pages
creates control charts for a process variable only when
exceptions occur

specifies natural time interval between consecutive sub-
group positions when time, date, or datetime format is
associated with a numeric subgroup variable

specifies maximum number of pages or screens for chart
requests special markers for points corresponding to sam-
ple sizes not equal to nominal sample size for fixed con-
trol limits

suppresses creation of box chart

suppresses frame for plot area

suppresses legend for subgroup sample sizes

specifies number of subgroup positions per panel on each
chart

repeats last subgroup position on panel as first subgroup
position of next panel

specifies number of pages or screens to be used to display
chart
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Table 17.4 continued

Option Description

TRENDVAR= specifies list of trend variables

YPCTI1= specifies length of vertical axis on box chart as a percent-
age of sum of lengths of vertical axes for box and trend
charts

ZEROSTD displays box chart regardless of whether 6 = 0

Reference Line Options

CHREF= specifies color for lines requested by HREF= and
HREF2= options

CVREF= specifies color for lines requested by VREF= and
VREF2= options

HREF= specifies position of reference lines perpendicular to hori-
zontal axis on box chart

HREF2= specifies position of reference lines perpendicular to hori-
zontal axis on trend chart

HREFDATA= specifies position of reference lines perpendicular to hori-
zontal axis on box chart

HREF2DATA= specifies position of reference lines perpendicular to hori-
zontal axis on trend chart

HREFLABELS= specifies labels for HREF= lines

HREF2LABELS= specifies labels for HREF2= lines

HREFLABPOS= specifies  position of HREFLABELS= and
HREF2LABELS= labels

LHREF= specifies line type for HREF= and HREF2= lines

LVREF= specifies line type for VREF= and VREF2= lines

NOBYREF specifies that reference line information in a data set is to
be applied uniformly to charts created for all BY groups

VREF= specifies position of reference lines perpendicular to ver-
tical axis on box chart

VREF2= specifies position of reference lines perpendicular to ver-
tical axis on trend chart

VREFLABELS= specifies labels for VREF= lines

VREF2LABELS= specifies labels for VREF2= lines

VREFLABPOS= specifies  position of VREFLABELS= and
VREF2LABELS= labels

Grid Options

CGRID= specifies color for grid requested with GRID or END-
GRID option

ENDGRID adds grid after last plotted point

GRID adds grid to control chart

LENDGRID= specifies line type for grid requested with the ENDGRID
option

LGRID= specifies line type for grid requested with the GRID op-
tion

WGRID= specifies width of grid lines
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Table 17.4 continued

Option Description

Clipping Options

CCLIP= specifies color for plot symbol for clipped points

CLIPFACTOR= determines extent to which extreme points are clipped

CLIPLEGEND= specifies text for clipping legend

CLIPLEGPOS= specifies position of clipping legend

CLIPSUBCHAR= specifies substitution character for CLIPLEGEND-= text

CLIPSYMBOL= specifies plot symbol for clipped points

CLIPSYMBOLHT= specifies symbol marker height for clipped points

Graphical Enhancement Options

ANNOTATE= specifies annotate data set that adds features to box chart

ANNOTATE2= specifies annotate data set that adds features to trend chart

DESCRIPTION= specifies description of box chart’s GRSEG catalog entry

FONT= specifies software font for labels and legends on charts

NAME= specifies name of box chart’s GRSEG catalog entry

PAGENUM= specifies the form of the label used in pagination

PAGENUMPOS= specifies the position of the page number requested with
the PAGENUM-= option

WTREND= specifies width of line segments connecting points on

trend chart

Options for Producing Graphs Using ODS Styles

BLOCKVAR=
BOXES=
BOXFILL=

CFRAMELAB
CPHASEBOX
CPHASEBOXCONNECT
CPHASEBOXFILL
CPHASEMEANCONNECT

Options for ODS Graphics
BLOCKREFTRANSPARENCY=
BOXTRANSPARENCY=

INFILLTRANSPARENCY=
NOBLOCKREF
NOBLOCKREFFILL
NOBOXFILLLEGEND
NOFILLLEGEND
NOPHASEREF
NOPHASEREFFILL

specifies variables whose values define colors for filling
background of block-variable legend

specifies variables whose values define colors box out-
lines

specifies variables whose values define colors for filling
boxes

draws a frame around labeled points

requests boxes enclosing all plotted points for a phase
requests lines connecting adjacent enclosing boxes

fills boxes enclosing all plotted points for a phase
requests lines connecting phase average value points

specifies the wall fill transparency for blocks and phases
specifies the box fill transparency for box-and-whisker
charts

specifies the control limit infill transparency

suppresses block and phase reference lines

suppresses block and phase wall fills

suppresses legend for levels of a BOXFILL= variable
suppresses legend for levels of a BOXFILL= variable
suppresses block and phase reference lines

suppresses block and phase wall fills
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Table 17.4 continued

Option Description

NOREF suppresses block and phase reference lines

NOREFFILL suppresses block and phase wall fills

NOTRANSPARENCY disables transparency in ODS Graphics output

ODSFOOTNOTE= specifies a graph footnote

ODSFOOTNOTE2= specifies a secondary graph footnote

ODSLEGENDEXPAND specifies that legend entries contain all levels observed in
the data

ODSTITLE= specifies a graph title

ODSTITLE2= specifies a secondary graph title

OUTHIGHURL= specifies variable whose values are URLSs to be associated
with outliers above the upper fence on a schematic box
chart

OUTLOWURL= specifies variable whose values are URLSs to be associated
with outliers below the lower fence on a schematic box
chart

OVERLAYURL= specifies URLSs to associate with overlay points

OVERLAY2URL= specifies URLs to associate with overlay points on sec-
ondary chart

PHASEBOXLABELS draws phase labels as titles along the top of phase boxes

PHASEPOS= specifies vertical position of phase legend

PHASEREFLEVEL= associates phase and block reference lines with either
innermost or the outermost level

PHASEREFTRANSPARENCY= specifies the wall fill transparency for blocks and phases

POINTSURL= specifies variable whose values are URLSs to be associated
with points representing individual observations

REFFILLTRANSPARENCY= specifies the wall fill transparency for blocks and phases

SIMULATEQCFONT draws central line labels using a simulated software font

URL= specifies a variable whose values are URLs to be associ-
ated with subgroups

URL2= specifies a variable whose values are URLs to be associ-
ated with subgroups on secondary chart

WBOXES= specifies width of box outlines for box-and-whisker
charts

Input Data Set Options

MISSBREAK specifies that observations with missing values are not to
be processed

Output Data Set Options

OUTBOX= creates output data set containing subgroup summary
statistics, control limits, and outlier values for box chart

OUTHISTORY= creates output data set containing subgroup summary
statistics

OUTINDEX= specifies value of _INDEX_ in the OUTLIMITS= data set

OUTLIMITS= creates output data set containing control limits
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Table 17.4 continued

Option Description

OUTTABLE= creates output data set containing subgroup summary
statistics and control limits

Tabulation Options

NOTE: specifying (EXCEPTIONS) after a tabulation option creates a table for exceptional points only.

TABLE creates a basic table of subgroup values, subgroup sample
sizes, subgroup summary statistics, and control limits

TABLEALL is equivalent to the options TABLE, TABLEBOX,
TABLECENTRAL, TABLEID, TABLELEGEND,
TABLEOUT, and TABLETEST

TABLEBOX augments basic table with columns for minimum, 25th
percentile, median, 75th percentile, and maximum of
observations in a subgroup

TABLECENTRAL augments basic table with values of central lines

TABLEID augments basic table with columns for ID variables

TABLELEGEND augments basic table with legend for tests for special
causes

TABLEOUTLIM augments basic table with columns indicating control
limits exceeded

TABLETESTS augments basic table with a column indicating which

Specification Limit Options
CIINDICES

LSL=

TARGET=

USL=

Block Variable Legend Options
BLOCKLABELPOS=
BLOCKLABTYPE=
BLOCKPOS=

BLOCKREP

CBLOCKLAB=
CBLOCKVAR=

Phase Options
CPHASEBOX=

CPHASEBOXCONNECT=
CPHASEBOXFILL=

CPHASELEG=

tests for special causes are positive

specifies « value and type for computing capability index
confidence limits

specifies list of lower specification limits

specifies list of target values

specifies list of upper specification limits

specifies position of label for block-variable legend
specifies text size of block-variable legend

specifies vertical position of block-variable legend
repeats identical consecutive labels in block-variable leg-
end

specifies fill colors for frames enclosing variable labels
in block-variable legend

specifies one or more variables whose values are colors
for filling background of block-variable legend

specifies color for box enclosing all plotted points for a
phase

specifies color for line segments connecting adjacent en-
closing boxes

specifies fill color for box enclosing all plotted points for
a phase

specifies text color for phase legend
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Table 17.4 continued

Option Description

CPHASEMEANCONNECT= specifies color for line segments connecting average value
points within a phase

NOPHASEFRAME suppresses default frame for phase legend

OUTPHASE= specifies value of _PHASE_ in the OUTHISTORY= data
set

PHASEBREAK disconnects last point in a phase from first point in next
phase

PHASELABTYPE= specifies text size of phase legend

PHASELEGEND displays phase labels in a legend across top of chart

PHASELIMITS labels control limits for each phase, provided they are
constant within that phase

PHASEMEANSYMBOL= specifies symbol marker for average of values within a
phase

PHASEREF delineates phases with vertical reference lines

READPHASES= specifies phases to be read from an input data set

Overlay Options

CCOVERLAY= specifies colors for primary chart overlay line segments

CCOVERLAY2= specifies colors for secondary chart overlay line segments

COVERLAY= specifies colors for primary chart overlay plots

COVERLAY2= specifies colors for secondary chart overlay plots

COVERLAYCLIP= specifies color for clipped points on overlays

LOVERLAY= specifies line types for primary chart overlay line seg-
ments

LOVERLAY2= specifies line types for secondary chart overlay line seg-
ments

NOOVERLAYLEGEND suppresses legend for overlay plots

OVERLAY= specifies variables to overlay on primary chart

OVERLAY2= specifies variables to overlay on secondary chart

OVERLAY2HTML= specifies links to associate with secondary chart overlay
points

OVERLAY2ID= specifies labels for secondary chart overlay points

OVERLAY2SYM= specifies symbols for secondary chart overlays

OVERLAY2SYMHT= specifies symbol heights for secondary chart overlays

OVERLAYCLIPSYM= specifies symbol for clipped points on ove