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Chapter 9
PROBPLOT Statement

Overview

The PROBPLOT statement creates a probability plot, which compares ordered values
of a variable with percentiles of a specified theoretical distribution such as the normal.
If the data distribution matches the theoretical distribution, the points on the plot
form a linear pattern. Thus, you can use a probability plot to determine how well a
theoretical distribution models a set of measurements.

You can specify one of the following theoretical distributions with the PROBPLOT
statement:

beta

exponential

gamma

three-parameter lognormal
normal

two-parameter Weibull
three-parameter Weibull

You can use options in the PROBPLOT statement to

¢ specify or estimate shape parameters for the theoretical distribution

e display a reference line corresponding to specified or estimated location and
scale parameters for the theoretical distribution

e request graphical enhancements
Note: Probability plots are similar to Q-Q plots, which you can create with the
QQPLOT statement (see Chapter 10, “QQPLOT Statement”). Probability plots are

preferable for graphical estimation of percentiles, whereas Q-Q plots are preferable
for graphical estimation of distribution parameters and capability indices.
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Part 1. The CAPABILITY Procedure

Getting Started

The following examples illustrate the basic syntax of the PROBPLOT statement. For
complete details of the PROBPLOT statement, see the “Syntax” section on page 281.
Advanced examples are provided on the “Examples” section on page 302.

Creating a Normal Probability Plot

See CAPPROB1
in the SAS/QC
Sample Library

The diameters of 50 steel rods are measured and saved as values of the variable DIS-
TANCE in the following data set:

data measures;

input diameter @@;

label diameter="Diameter in mm’;

datalines;
5501 5.251 5.404 5.366 5.445
5,576 5.607 5.200 5.977 5.177
5.332 5.399 5.661 5.512 5.252
5.404 5.739 5525 5.160 5.410
5.823 5.376 5.202 5.470 5.410
5.394 5.146 5.244 5.309 5.480
5.388 5.399 5.360 5.368 5.394
5.248 5.409 5.304 6.239 5.781
5.247 5.907 5.208 5.143 5.304
5.603 5.164 5.209 5.475 5.223

The process producing the rods is in statistical control, and as a preliminary step in
a capability analysis of the process, you decide to check whether the diameters are
normally distributed. The following statements create the normal probability plot
shown in Figure 9.1:

titte 'Normal Probability Plot for Diameters’;

proc capability data=measures noprint;
probplot diameter;

run;

If you specify the LINEPRINTER option in the PROC CAPABILITY statement, the
plot is created using a line printer, as shown in Figure 9.2. Note that the PROBPLOT
statement creates a normal probability plot for DIAMETER by default.

The nonlinearity of the point pattern indicates a departure from normality. Since the
point pattern is curved with slope increasing from left to right, a theoretical distri-
bution that is skewed to the right, such as a lognormal distribution, should provide a
better fit than the normal distribution. This possibility is explored in the next example.

*This data set is analyzed using quantile-quantile plots in Example 10.1 on page 336 and Exam-
ple 10.2 on page 337.
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Chapter 9. Getting Started

Normal Probability Plot for Diameters
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Figure 9.1. Normal Probability Plot Created with Graphics Device
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Figure 9.2. Normal Probability Plot Created with Line Printer
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Part 1. The CAPABILITY Procedure

Creating Lognormal Probability Plots

See CAPPROB3
in the SAS/QC
Sample Library

When you request a lognormal probability plot, you must specify the shape parameter
o for the lognormal distribution (see Table 9.13 on page 299 for the equation). The
value of must be positive, and typical values @frange from 0.1 to 1.0. Alterna-
tively, you can specify that is to be estimated from the data.

The following statements illustrate the first approach by creating a series of three
lognormal probability plots for the variable DIAMETER introduced in the preceding
example:

titte 'Lognormal Probability Plot for Diameters’;
proc capability data=measures noprint;
probplot diameter / lognormal( sigma = 0.2 0.5 0.8 )

href = 95
lhref = 1
square ;

run;

The LOGNORMAL option requests plots based on the lognormal family of distribu-
tions, and the SIGMA= option requests plots éoequal to 0.2, 0.5, and 0.8. These
plots are displayed in Figure 9.3, Figure 9.4, and Figure 9.5, respectively. The value
o = 0.5 in Figure 9.4 produces the most linear pattern.

The SQUARE option displays the probability plot in a square format, the HREF= op-
tion requests a reference line at 9# percentile, and the LHREF= option specifies
the line type for the reference line.

Lognormal Probability Plot for Diameters
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Figure 9.3.  Probability Plot Based on Lognormal Distribution with o = 0.2
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Lognormal Probability Plot for Diameters
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Figure 9.4.  Probability Plot Based on Lognormal Distribution with o = 0.5

Lognormal Probability Plot for Diameters
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Figure 9.5.  Probability Plot Based on Lognormal Distribution with ¢ = 0.8

Based on Figure 9.4, tiis" percentile of the diameter distribution is approximately
5.9 mm, since this is the value corresponding to the intersection of the point pattern
with the reference line.
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Part 1. The CAPABILITY Procedure

The following statements illustrate how you can create a lognormal probability plot
for DIAMETER using a local maximum likelihood estimate for

titte 'Lognormal Probability Plot for Diameters’;
proc capability data=measures noprint;
probplot diameter / lognormal( sigma = est )

href = 95
lhref = 1
square ;

run;

The plot is displayed in Figure 9.6. Note that the maximum likelihood estimate of
(in this case 0.041) does not necessarily produce the most linear point pattern. This
example is continued in Example 9.2 on page 303.

Lognormal Probability Plot for Diameters

6.4
D 62 +
i
a
m 6.0 1 T
e i
t 58 4
e +
r +

5.6 Ey
I
N 54+ Wﬁ

o

m
m 524 R 4

5.0 1

\ 1 \ \ \ \ \
1 510 25 50 75 90 95 99
Lognormal Percentiles (Sigma=0.041174)

Figure 9.6.  Probability Plot Based on Lognormal Distribution with Estimated o
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Chapter 9. Syntax

Syntax

The syntax for the PROBPLOT statement is as follows:
PROBPLOT <variables> < / options>;

You can specify the keyword PROB as an alias for PROBPLOT, and you can use any
number of PROBPLOT statements in the CAPABILITY procedure. The components
of the PROBPLOT statement are described as follows.

variables

are the process variables for which to create probability plots. If you specify a VAR
statement, therariablesmust 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
a list of variables then by default the procedure creates a probability plot for each
variable listed in the VAR statement, or for each numeric variable in the DATA=
data set if you do not specify a VAR statement. For example, each of the following
PROBPLOT statements produces two probability plots, one for LENGTH and one
for WIDTH:

proc capability data=measures;
var length width;
probplot;

run;

proc capability data=measures;
probplot length width;
run;

options
specify the theoretical distribution for the plot or add features to the plot. If you
specify more than one variable, thptionsapply equally to each variable. Specify
all optionsafter the slash (/) in the PROBPLOT statement. You can specify only one
option naming the distribution in each PROBPLOT statement, but you can specify
any number of otheoptions The distributions available are the beta, exponential,
gamma, lognormal, normal, two-parameter Weibull, and three-parameter Weibull.
By default, the procedure produces a plot for the normal distribution.

In the following example, the NORMAL option requests a normal probability plot
for each variable, while the MU= and SIGMAyormal-optiongequest a distribution
reference line corresponding to the normal distribution witk= 10 ando = 0.3.

The SQUARE option displays the plot in a square frame, and the CTEXT= option
specifies the text color.

proc capability data=measures;
probplot lengthl length2 / normal(mu=10 sigma=0.3)
square
ctext=blue;
run;
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Part 1. The CAPABILITY Procedure

Summary of Options

The following tables list the PROBPLOT statemeptionshy function. For complete
descriptions, see the “Dictionary of Options” section on page 285.

Distribution Options
Table 9.1 summarizes the options for requesting a specific theoretical distribution.

Table 9.1. Keywords to Select a Theoretical Distribution

BETA(beta-option} specifies beta probability plot fg
shape parametets, § specified with
mandatory ALPHA= and BETAS
beta-options

—

L d

EXPONENTIAL(exponential-optios | specifies exponential probability plg

=

GAMMA(gamma-options specifies gamma probability plot fq
shape parameterr specified with
mandatory ALPHA=gamma-option

LOGNORMAL (lognormal-optiony specifies  lognormal  probability
plot for shape parametes spec-
ified with mandatory SIGMA=
lognormal-option

NORMAL(normal-option} specifies normal probability plot

WEIBULL(Weibull-option} specifies three-parameter Weibu
probability plot for shape paramets
¢ specified with mandatory Cj1
Weibull-option

L4
=

WEIBULL2(Weibull2-optiony specifies two-parameter Weibul
probability plot

Table 9.2 through Table 9.9 summarize options that specify distribution parameters
and control the display of a distribution reference line. Specify these options in paren-
theses after the distribution option. For example, the following statements use the
NORMAL option to request a normal probability plot with a distribution reference
line:

proc capability data=measures;
probplot length / normal(mu=10 sigma=0.3 color=red);
run;

The MU= and SIGMA=normal-optionsdisplay a distribution reference line that
corresponds to the normal distribution with mean = 10 and standard deviation
o9 = 0.3, and the COLOR=0ormal-optionspecifies the color for the line.
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Chapter 9. Syntax

Table 9.2. Reference Line Options Available with All Distributions
COLOR=color specifies color of distribution reference line
L=linetype specifies line type of distribution reference line

SYMBOL='charactet
W=n

specifies plotting character for line printer
specifies width of distribution reference line

Table 9.3. Beta-Options

ALPHA=value-listEST
BETA=value-listEST
SIGMA=valugEST
THETA=valugEST

specifies mandatory shape parameter
specifies mandatory shape paramgter
specifiessy for distribution reference line
specified, for distribution reference line

Table 9.4.

Exponential-Options

SIGMA=valudEST
THETA=valugEST

specifiessy for distribution reference line
specified, for distribution reference line

Table 9.5.

Gamma-Options

ALPHA=value-lisfEST
SIGMA=valugEST
THETA=valugdEST

specifies mandatory shape parameter
specifiess, for distribution reference line
specified, for distribution reference line

Table 9.6. Lognormal-Options
SIGMA=value-lisfEST | specifies mandatory shape parameter
SLOPE=alugdEST specifies slope of distribution reference line

THETA=valugEST
ZETA=valugEST

specified, for distribution reference line
specifies¢y for distribution reference line (slope

exp(¢o))

Table 9.7. Normal-Options

MU=valudEST
SIGMA=valudEST

specifiesug for distribution reference line
specifiessy for distribution reference line

n

Table 9.8.  Weibull-Options

C=value-lisfEST
SIGMA=valugEST
THETA=valugEST

specifies mandatory shape parameter
specifiessy for distribution reference line
specified, for distribution reference line
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Part 1. The CAPABILITY Procedure

Table 9.9.

Weibull2-Options

C=valudEST

SIGMA=valudEST

SLOPE=aludEST
THETA=value

specifiesey for distribution reference line (slope
1/00)

specifiesaq for distribution reference line (inter
cept islog(oy))

specifies slope of distribution reference line

specifies known lower threshoby

General Options

[72)

Table 9.10 through Table 9.12 list options that control the appearance of the plots.

Table 9.10.

General Plot Layout Options

GRID

HREF=value-list

HREFLABELS=
'labell ... labeln
LEGEND=name| NONE

NADJ=value

NOFRAME
NOLEGEND
NOLINELEGEND

NOSPECLEGEND
PCTLMINOR
PCTLORDER=alue-list
RANKADJ=value
ROTATE

SQUARE
VREF=value-list

VREFLABELS=
'label? ... 'labeln

specifies reference lines perpendicular to the
centile axis at major tick marks

specifies reference lines perpendicular to the h
zontal axis

specifies line labels for HREF= lines

identifies LEGEND statement

adjusts sample size (N) when compulti
percentiles

suppresses frame around plotting area
suppresses legend

suppresses distribution reference line informat
in legend

suppresses specifications information in legeng
requests minor tick marks for percentile axis
specifies tick mark labels for percentile axis
adjusts ranks when computing percentiles
switches horizontal and vertical axes
displays plot in square format

specifies reference lines perpendicular to the ve
cal axis

specifies line labels for VREF=lines

ber-

ori-

ng

on

Brti-
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Chapter 9. Syntax

Options to Enhance Plots Produced on Line Printers

GRIDCHAR="charactef
HREFCHAR=charactet
NOOBSLEGEND
PROBSYMBOL=charactet
VREFCHAR=charactet

specifies character for GRID lines
specifies character for HREF=lines
suppresses legend for hidden points
specifies character for plotted points
specifies character for VREF= lines

Table 9.12.

Options to Enhance Plots Produced on Graphics Devices

ANNOTATE=SAS-data-set
CAXIS=color
CFRAME=color
CHREF=olor
CTEXT=color
CVREF=olor
DESCRIPTION=String
FONT=font

HAXIS=name

HMINOR=n

LGRID=linetype
LHREFdinetype
LVREF=inetype
NAME=’string
VAXIS=name
VMINOR=value

provides an annotate data set

specifies color for axis

specifies color for frame

specifies color for HREF= lines

specifies color for text

specifies color for VREF=lines

specifies description for graphics catalog mem
specifies software font for text

identifies AXIS statement for horizontal axis

specifies number of minor tick marks on horizon-

tal axis

specifies line type for GRID lines
specifies line type for HREF=lines
specifies line type for VREF= lines
specifies name for plot in graphics catalog
identifies AXIS statement for vertical axis

specifies number of minor tick marks on vertigal

axis

ber

Dictionary of Options

The following entries provide detailed descriptions of options for the PROBPLOT
statement. The marginal not€saphicsandLine Printeridentify options that apply
only to graphics devices and line printers, respectively.

ALPHA=value-lis{EST

specifies values for a mandatory shape parameter > 0) for probability plots

requested with the BETA and GAMMA options. A plot is created for each value
specified. For examples, see the entries for the BETA and GAMMA options. If you
specify ALPHA=EST, a maximum likelihood estimate is computeddfor
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Part 1. The CAPABILITY Procedure

ANNOTATE=SAS-data-set
ANNO=SAS-data-set

specifies an input data set containing annotate variables as describa8/GRAPH
Software: ReferenceYou can use this data set to add features to the plot. The AN-
NOTATE= data set specified in the PROBPLOT statement is used for all plots cre-
ated by the statement. You can also specify an ANNOTATE= data set in the PROC
CAPABILITY statement to enhance all plots created by the procedure; for more in-
formation, see “ANNOTATE= Data Sets” on page 31.

BETA(ALPHA= value-listEST BETA=value-lisSiEST <beta-options>)

creates a beta probability plot for each combination of the shape parameteds?

given by the mandatory ALPHA= and BETA= options. If you specify ALPHA=EST
and BETA=EST, a plot is created based on maximum likelihood estimatesdod

3. In the following examples, the first PROBPLOT statement produces one plot, the
second statement produces four plots, the third statement produces six plots, and the
fourth statement produces one plot:

proc capability data=measures;
probplot width / beta(alpha=2 beta=2);
probplot width / beta(alpha=2 3 beta=1 2);
probplot width / beta(alpha=2 to 3 beta=1 to 2 by 0.5);
probplot width / beta(alpha=est beta=est);
run;

To create the plot, the observations are ordered from smallest to largest, ahdithe

dered observation is plotted against the quariilg (2_1803275?) whereB_; () is the

inverse normalized incomplete beta functienis the number of nonmissing obser-
vations, andx andg are the shape parameters of the beta distribution. The horizontal
axis is scaled in percentile units.

The point pattern on the plot for ALPHAzand BETA=3 tends to be linear with in-
tercept 0 and sloper if the data are beta distributed with the specific density function

1370 a—1 0 o= B—1
p(z) = ( Bga,ﬁ)(a(iw—z) foro<xz<0+o
0 forc <forx>6+0o

whereB(a, §) = Fr((aa)i(ﬁﬁ;) and

6 = lower threshold parameter

o = scale parameteir > 0)

a = first shape parametée > 0)

B = second shape parametér > 0)

To obtain graphical estimates @fandg3, specify lists of values for the ALPHA=and
BETA= options, and select the combinationcodnd that most nearly linearizes the
point pattern.

*The intercept and slope are based on the quantile scale for the horizontal axis, which is displayed
on a Q-Q plot; see Chapter 10, “QQPLOT Statement.”
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Chapter 9. Syntax

To assess the point pattern, you can add a diagonal distribution reference line corre-
sponding tody andog with the beta-optionsSTHETA=6, and SIGMA=. Alterna-

tively, you can add a line corresponding to estimated valueg® aind oy with the
beta-optionSTHETA=EST and SIGMA=EST. Specify these options in parentheses,
as in the following example:

proc capability data=measures;
probplot width / beta(alpha=2 beta=3 theta=4 sigma=5);
run;

Agreement between the reference line and the point pattern indicates that the beta dis-
tribution with parameters, 3, 6, andoy is a good fit. You can specify the SCALE=
option as an alias for the SIGMA= option and the THRESHOLD= option as an alias
for the THETA= option.

BETA=value-lisiEST
specifies values for the shape paramgt€3 > 0) for probability plots requested
with the BETA distribution option. A plot is created for each value specified with
the BETA= option. If you specify BETA=EST, a maximum likelihood estimate is
computed for3. For examples, see the preceding entry for the BETA option.

C=value(-list)EST
specifies the shape paramete(c > 0) for probability plots requested with the
WEIBULL and WEIBULLZ2 options. You must specify C= as/geibull-optionwith
the WEIBULL option; in this situation it accepts a list of values, or if you specify
C=EST, a maximum likelihood estimate is computeddoYou can optionally spec-
ify C=valueor C=EST as &Veibull2-optionwith the WEIBULLZ2 option to request a
distribution reference line; in this situation, you must also specify SIGMezeor
SIGMA=EST.

For example, the first PROBPLOT statement below creates three three-parameter
Weibull plots corresponding to the shape parametees 1, ¢ = 2, ande = 3.

The second PROBPLOT statement creates a single three-parameter Weibull plot cor-
responding to an estimated value ©f The third PROBPLOT statement creates a
single two-parameter Weibull plot with a distribution reference line corresponding to
co = 2 andog = 3.

proc capability data=measures;
probplot width / weibull(c=1 2 3);
probplot width / weibull(c=est);
probplot width / weibull2(c=2 sigma=3);
run;

CAXIS=color

CAXES=color
specifies the color used for the axes. This option overrides any COLOR= specifi
tions in an AXIS statement. The default is the first color in the device color list.

CFRAME=color
specifies the fill color for the area enclosed by the axes and frame. This area is
filled by default.
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CHREF=color
Graphics specifies the color for reference lines requested by the HREF= option. The default is
the first color in the device color list.
COLOR=color
Graphics specifies the color for a diagonal distribution reference line. Specify the COLOR=

option in parentheses following a distribution option keyword. The default is the first
color in the device color list.

CTEXT=color
Graphics specifies the color for tick mark values and axis labels. The default is the color
specified for the CTEXT= option in the most recent GOPTIONS statement.
CVREF=color
Graphics specifies the color for reference lines requested by the VREF= option. The default is

the first color in the device color list.

DESCRIPTION="string

DES='string

Graphics specifies a description, up to 40 characters, that appears in the PROC GREPLAY
master menu. The default string is the variable name.

EXPONENTIAL < (exponential-options-

EXP(<exponential-options)
creates an exponential probability plot. To create the plot, the observations are or-
dered from smallest to largest, and #ieordered observation is plotted against the

quantile— log(l — z’_0'375) , Wheren is the number of nonmissing observations. The

n+0.25
horizontal axis is scaled in percentile units.

The point pattern on the plot tends to be linear with interc@pand slopes if the
data are exponentially distributed with the specific density function

Lexp (—””—_9) forz >0
p(x)_{o forz <6

wheref is a threshold parameter, aads a positive scale parameter.

To assess the point pattern, you can add a diagonal distribution reference line cor-
responding td@, andog with the exponential-option§ HETA=6, and SIGMA=y.
Alternatively, you can add a line corresponding to estimated valuey ahd o

with the exponential-option§HETA=EST and SIGMA=EST. Specify these options

in parentheses, as in the following example:

proc capability data=measures;
probplot width / exponential(theta=4 sigma=5);
run;

Agreement between the reference line and the point pattern indicates that the ex-
ponential distribution with parameteflg and oy is a good fit. You can specify the

*The intercept and slope are based on the quantile scale for the horizontal axis, which is displayed
on a Q-Q plot; see Chapter 10, “QQPLOT Statement.”
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SCALE= option as an alias for the SIGMA= option and the THRESHOLD= option
as an alias for the THETA= option.

FONT=font
specifies a software font for horizontal and vertical reference line labels and axiGraphics|
labels. You can also specify fonts for axis labels in an AXIS statement. The FONT=
font takes precedence over the FTEXT= font you specify in the GOPTIONS state-
ment. Hardware characters are used by default.

GAMMA(ALPHA= value-lisSiEST <gamma-options )
creates a gamma probability plot for each value of the shape paramgteen by
the mandatory ALPHA= option. If you specify ALPHA=EST, a plot is created based
on a maximum likelihood estimate faor.

For example, the first PROBPLOT statement below creates three plots corresponding
toa = 04, @ = 0.5, anda = 0.6. The second PROBPLOT statement creates a
single plot.

proc capability data=measures;
probplot width / gamma(alpha=0.4 to 0.6 by 0.2);
probplot width / gamma(alpha=est);

run;

To create the plot, the observations are ordered from smallest to largest, afid the

ordered observation is plotted against the quardtiig (2]?0327?) whereG,1(:) is

the inverse normalized incomplete gamma functieris the number of nonmissing
observations, and is the shape parameter of the gamma distribution. The horizontal
axis is scaled in percentile units.

The point pattern on the plot for ALPHA=tends to be linear with intercepé and
slopeo if the data are gamma distributed with the specific density function

z—9\a—1 r—
p(z) = chl(a) (To) exp (_Te) forxz > 6
0 forz <6

where

0 = threshold parameter
o = scale parametdi > 0)
a = shape parametén > 0)

To obtain a graphical estimate af specify a list of values for the ALPHA= option,
and select the value that most nearly linearizes the point pattern.

To assess the point pattern, you can add a diagonal distribution reference line corre-
sponding tddy andogy with the gamma-option§HETA=6, and SIGMA=,. Alter-
natively, you can add a line corresponding to estimated valuég afido, with the

*The intercept and slope are based on the quantile scale for the horizontal axis, which is displayed
on a Q-Q plot; see Chapter 10, “QQPLOT Statement.”
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gamma-option§ HETA=EST and SIGMA=EST. Specify these options in parenthe-
ses, as in the following example:

proc capability data=measures;
probplot width / gamma(alpha=2 theta=3 sigma=4);
run;

Agreement between the reference line and the point pattern indicates that the gamma
distribution with parameters, 6, andoy is a good fit. You can specify the SCALE=
option as an alias for the SIGMA= option and the THRESHOLD= option as an alias
for the THETA= option.

GRID
draws reference lines perpendicular to the percentile axis at major tick marks.

GRIDCHAR='charactet
specifies the character used to form the lines requested by the GRID option for a line
printer. The default is the vertical bar (|).

HAXIS=name
specifies the name of an AXIS statement describing the horizontal axis.

HMINOR=n

HM=n
specifies the number of minor tick marks between each major tick mark on the hori-
zontal axis. Minor tick marks are not labeled. The default is 0.

HREF=value-list
draws reference lines perpendicular to the horizontal axis at the values specified. For
an example, see Output 9.2.1 on page 304.

HREFCHAR='charactet
specifies the character used to form the reference lines requested by the HREF=
option for a line printer. The default is the vertical bar ().

HREFLABELS=' labell ... 'labeln

HREFLABEL='labell ... labeln

HREFLAB='label? ... 'labeln
specifies labels for the reference lines requested by the HREF= option. The number
of labels must equal the number of lines. Enclose each label in quotes. Labels can be
up to 16 characters. For an example, see Output 9.2.1 on page 304.

L=linetype
specifies the line type for a diagonal distribution reference line. Specify the L=
option in parentheses after a distribution option keyword, as illustrated in the entry
for the LOGNORMAL option. The default is 1, which produces a solid line.

LEGEND=name| NONE
specifies the name of a LEGEND statement describing the legend for specification
limit reference lines and fitted curves. Specifying LEGEND=NONE is equivalent to
specifying the NOLEGEND option.
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LGRID=linetype

specifies the line type for the reference lines requested by the GRID option. T
default is 1, which produces solid lines.

LHREF=linetype

LH=linetype
specifies the line type for reference lines requested by the HREF= option. For
example, see Output 9.2.1 on page 304. The default is 2, which produces a dashed
line.

LOGNORMAL(SIGMA= value-lisfEST <lognormal-options>)
LNORM(SIGMA=value-lisiEST <lognormal-options>)
creates a lognormal probability plot for each value of the shape paramefigen
by the mandatory SIGMA= option or its alias, the SHAPE= option. If you specify
SIGMA=EST, a plot is created based on a maximum likelihood estimate.for

For example, the first PROBPLOT statement below produces two plots, and the sec-
ond PROBPLOT statement produces a single plot:

proc capability data=measures;
probplot width / lognormal(sigma=1.5 2.5 |=2);
probplot width / lognormal(sigma=est);

run;

To create the plot, the observations are ordered from smallest to largest, ahodthe

dered observation is plotted against the quaet&k{aéfl (’n‘f032755) ) , where® 1(.)

is the inverse standard cumulative normal distributieris the number of nonmiss-
ing observations, and is the shape parameter of the lognormal distribution. The
horizontal axis is scaled in percentile units.

The point pattern on the plot for SIGMA=tends to be linear with intercepé and
slopeexp(() if the data are lognormally distributed with the specific density function

1 (log(z—6)—¢)?
p(:lj') _ m exp <_T) forz >0
0 forz <6

where

0 = threshold parameter
¢ = scale parameter
o = shape parametés > 0)

To obtain a graphical estimate 6f specify a list of values for the SIGMA= option,
and select the value that most nearly linearizes the point pattern.

To assess the point pattern, you can add a diagonal distribution reference line corre-
sponding ta9y and(, with thelognormal-optionsSTHETA=6, and ZETA=,. Alter-
natively, you can add a line corresponding to estimated valuég afd(, with the
lognormal-optionsSTHETA=EST and ZETA=EST.

*The intercept and slope are based on the quantile scale for the horizontal axis, which is displayed
on a Q-Q plot; see Chapter 10, “QQPLOT Statement.”
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Specify these options in parentheses, as in the following example:

proc capability data=measures;
probplot width / lognormal(sigma=2 theta=3 zeta=0);
run;

Agreement between the reference line and the point pattern indicates that the log-
normal distribution with parametets 6y, and(, is a good fit. See Example 9.2 on
page 303 for an example.

You can specify the THRESHOLD= option as an alias for the THETA= option and
the SCALE= option as an alias for the ZETA= option.

LVREF=linetype
specifies the line type for reference lines requested by the VREF= option. For an
example, see Output 9.2.1 on page 304. The default is 2, which produces a dashed
line.

MU=valugeEST
specifies the meap, for a normal probability plot requested with the NORMAL
option. The MU= and SIGMA=normal-optionsmust be specified together, and they
request a distribution reference line as illustrated in Example 9.1 on page 302. Specify
MU=EST to request a distribution reference line withequal to the sample mean.

NADJ=value
specifies the adjustment value added to the sample size in the calculation of theoret-
ical percentiles. The default |§ as recommended by Blom (1958). Also refer to
Chambers and others (1983) for additional information.

NAME='"string
specifies a name for the plot, up to eight characters, that appears in the PROC GRE-
PLAY master menu. The default name is 'CAPABILI'.

NOFRAME
suppresses the frame around the area bounded by the axes.

NOLEGEND

LEGEND=NONE
suppresses legends for specification limits, fitted curves, distribution lines, and hidden
observations.

NOLINELEGEND
NOLINEL
suppresses the legend for the optional distribution reference line.

NOOBSLEGEND
NOOBSL
suppresses the legend that indicates the number of hidden observations.

NORMAL <(normal-option¥>

NORM< (normal-option$>
creates a normal probability plot. This is the default if you do not specify a distribu-
tion option. To create the plot, the observations are ordered from smallest to largest,
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and thef" ordered observation is plotted against the quarﬂﬂé(%‘ff’gg’), where

®~1(-) is the inverse cumulative standard normal distribution, -aigithe number of
nonmissing observations. The horizontal axis is scaled in percentile units.

The point pattern on the plot tends to be linear with intercepand slopes if the
data are normally distributed with the specific

p(r) = —L—exp (—(xz_;;)2) for all =

oV 2T

wherey is the mean and is the standard deviatiow (> 0).

To assess the point pattern, you can add a diagonal distribution reference line corre-
sponding toug andog with the normal-optionsMU=p, and SIGMA=,. Alterna-

tively, you can add a line corresponding to estimated valueg &tnd o with the
normal-optionsTHETA=EST and SIGMA=EST; the estimates @f and]|sigmag

are the sample mean and sample standard deviation.

Specify these options in parentheses, as in the following example:

proc capability data=measures;
probplot length / normal(mu=10 sigma=0.3);
probplot length / normal(mu=est sigma=est);
run;

Agreement between the reference line and the point pattern indicates that the normal
distribution with parameterg, andoy is a good fit.

NOSPECLEGEND
NOSPECL

suppresses the legend for specification limit reference lines.

PCTLMINOR

requests minor tick marks for the percentile axis. See Output 9.2.1 on page 304 for
an example.

PCTLORDER=value-list

specifies the tick mark values labeled on the theoretical percentile axis. Since the val-
ues are percentiles, the labels must be between 0 and 100, exclusive. The values must
be listed in increasing order and must cover the plotted percentile range. Otherwise,
a default list is used. For example, consider the following:

proc capability data=measures;
probplot length / pctlorder=1 10 25 50 75 90 99;
run;

Note that the ORDER= option in the AXIS statement is not supported by the PROB-
PLOT statement.

*The intercept and slope are based on the quantile scale for the horizontal axis, which is displayed
on a Q-Q plot; see Chapter 10, “QQPLOT Statement.”
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PROBSYMBOL=' character

specifies the character used to mark the points when the plot is produced on a line
printer. The default is the plus siga-].

RANKADJ=value

specifies the adjustment value added to the ranks in the calculation of theoretical
percentiles. The default is%, as recommended by Blom (1958). Also refer to
Chambers and others (1983) for additional information.

ROTATE

switches the horizontal and vertical axes so that the theoretical percentiles are plotted
vertically while the data are plotted horizontally. Regardless of whether the plot has
been rotated, horizontal axis options (such as HAXIS=) still refer to the horizontal
axis, and vertical axis options (such as VAXIS=) still refer to the vertical axis. All
other options that depend on axis placement adjust to the rotated axes.

SCALE=valugEST

is an alias for the SIGMA= option with the BETA, EXPONENTIAL, GAMMA,
WEIBULL and WEIBULL2 options and for the ZETA= option with the
LOGNORMAL option. See the entries for the SIGMA= and ZETA= options.

SHAPE=value-lisfEST

is an alias for the ALPHA= option with the GAMMA option, for the SIGMA= op-
tion with the LOGNORMAL option, and for the C= option with the WEIBULL and
WEIBULLZ2 options. See the entries for the ALPHA=, C=, and SIGMA= options.

SIGMA=value-lisiEST

specifies the value of the parameterwheres > 0. Alternatively, you can specify
SIGMA=EST to request a maximum likelihood estimate égr The interpretation
and use of the SIGMA= option depend on the distribution option with which it is
specified, as indicated by the following table:

Distribution Option| Use of the SIGMA= Option

BETA THETA=6, and SIGMA=, request a distribution reference
EXPONENTIAL line corresponding té, andaoy.

GAMMA

WEIBULL

LOGNORMAL SIGMA=0 ... o, requests: probability plots with shape pa
rameterss, ... o,. The SIGMA= option must be specified.

NORMAL MU=, and SIGMA=, request a distribution reference line
corresponding tpg andoy. SIGMA=EST requests a line wit
op equal to the sample standard deviation.

—

WEIBULL2 SIGMA=¢( and C=, request a distribution reference line cor-
responding ta andcg.

In the following example, the first PROBPLOT statement requests a normal plot with
a distribution reference line correspondingug = 5 andoy, = 2, and the second
PROBPLOT statement requests a lognormal plot with shape parameteX:
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proc capability data=measures;
probplot length / normal(mu=5 sigma=2);
probplot width / lognormal(sigma=3);
run;

SLOPE=valugEST
specifies the slogefor a distribution reference line requested with the LOGNOR-
MAL and WEIBULL2 options.

When you use the SLOPE= option with the LOGNORMAL option, you must also
specify a threshold parameter valyewith the THETA=lognormal-optiorto request

the line. The SLOPE= option is an alternative to the ZET8gnormal-optionfor
specifying(y, since the slope is equal &ap((p).

When you use the SLOPE= option with the WEIBULLZ2 option, you must also spec-
ify a scale parameter valug with the SIGMA=Weibull2-optionto request the line.
The SLOPE= option is an alternative to the @#ibull2-optionfor specifyingcy,
since the slope is equal 19'cy. See “Location and Scale Parameters” on page 300.

For example, the first and second PROBPLOT statements below produce the same
set of probability plots as the third and fourth PROBPLOT statements:

proc capability data=measures;
probplot width / lognormal(sigma=2 theta=0 zeta=0);
probplot width / weibull2(sigma=2 theta=0 ¢=0.25);
probplot width / lognormal(sigma=2 theta=0 slope=1);
probplot width / weibull2(sigma=2 theta=0 slope=4);
run;

SQUARE
displays the probability plot in a square frame. For an example, see Output 9.2.1 on
page 304. The default is a rectangular frame.

SYMBOL='charactet
specifies the character used to display the distribution reference line when the plotlisne Printer]
created using a line printer. The default character is the first letter of the distribution
option keyword.

THETA=valugEST
specifies the lower threshold parameidor plots requested with the BETA, EXPO-
NENTIAL, GAMMA, LOGNORMAL, WEIBULL, and WEIBULL?Z2 options. When
used with the WEIBULL?Z2 option, the THETA= option specifies the known lower
thresholdéy, for which the default is 0. When used with the other distribution op-
tions, the THETA= option specifigd for a distribution reference line; alternatively
in this situation, you can specify THETA=EST to request a maximum likelihood es-
timate ford,. To request the line, you must also specify a scale parameter. See
Output 9.2.1 on page 304 for an example of the THETA= option with a lognormal
probability plot.

*The intercept and slope are based on the quantile scale for the horizontal axis, which is displayed
on a Q-Q plot; see Chapter 10, “QQPLOT Statement.”
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THRESHOLD=value
is an alias for the THETA= option.

VAXIS=name
specifies the name of an AXIS statement describing the vertical axis, as illustrated
by Output 9.1.1 on page 303.

VMINOR=n

VM=n
specifies the number of minor tick marks between each major tick mark on the ver-
tical axis. Minor tick marks are not labeled. The default is 0.

VREF=value-list
draws reference lines perpendicular to the vertical axis at the values specified. See
Output 9.2.1 on page 304 for an example.

VREFCHAR="charactet
specifies the character used to form the lines requested by the VREF= option for a
line printer. The default is the hyphen (-).

VREFLABELS=’ label? ... labeln

VREFLABEL='labell ... labeln

VREFLAB='label? ... labeln
specifies labels for the lines requested by the VREF= option. The number of labels
must equal the number of lines. Enclose each label in quotes. Labels can be up to 16
characters.

W=n
specifies the width in pixels for a diagonal distribution reference line. Specify the
W= option in parentheses after a distribution option keyword. For an example, see
the entry for the WEIBULL option. The default is 1.

WEIBULL(C=value-listEST <Weibull-options>)

WEIB(C=value-list<Weibull-options>)
creates a three-parameter Weibull probability plot for each value of the shape param-
eter ¢ given by the mandatory C= option or its alias, the SHAPE= option. If you
specify C=EST, a plot is created based on a maximum likelihood estimate for
the following example, the first PROBPLOT statement creates four plots, and the
second PROBPLOT statement creates a singlel plot:

proc capability data=measures;
probplot width / weibull(c=1.8 to 2.4 by 0.2 w=2);
probplot width / weibull(c=est);

run;

To create the plot, the observations are ordered from smallest to largest, alid the

1
ian i i i i—0.375 )  °
ordered observation is plotted against the quar(trlelog(l — m)) , Where

n is the number of nonmissing observations, arnsl the Weibull distribution shape
parameter. The horizontal axis is scaled in percentile units.
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The point pattern on the plot for €tends to be linear with intercepé and sloper
if the data are Weibull distributed with the specific density function

oy = & (£9) exp (- (22)°) fore > 6
0 forz <6
where

0 = threshold parameter
o = scale parametd > 0)
¢ = shape parametée > 0)

To obtain a graphical estimate of specify a list of values for the C= option, and
select the value that most nearly linearizes the point pattern.

To assess the point pattern, you can add a diagonal distribution reference line corre-
sponding tddy andagy with the Weibull-optionsSTHETA=60, and SIGMA=,. Alter-
natively, you can add a line corresponding to estimated valuég afido with the
Weibull-optionsTHETA=EST and SIGMA=EST. Specify these options in parenthe-
ses, as in the following example:

proc capability data=measures;
probplot width / weibull(c=2 theta=3 sigma=4);
run;

Agreement between the reference line and the point pattern indicates that the Weibull
distribution with parameters 6y, andoy is a good fit. You can specify the SCALE=
option as an alias for the SIGMA= option and the THRESHOLD= option as an alias
for the THETA= option.

WEIBULL2 < (Weibull2-optiong>

W2<(Weibull2-optiong>
creates a two-parameter Weibull probability plot. You should use the WEIBULLZ2 op-
tion when your data havekamownlower thresholddy. You can specify the threshold
valueé, with the THETA=Weibull2-optionor its alias, the THRESHOLDW®/eibull2-
option The default ig)y = 0.

To create the plot, the observations are ordered from smallest to largest, and the log
of the shiftedi" ordered observation;), denoted byog(z(;) — ), is plotted against

the quantilelog(— log(l — ﬂ)T?’z?g)) wheren is the number of nonmissing obser-

vations. The horizontal axis is scaled in percentile units. Note that the C= shape
parameter option is not mandatory with the WEIBULLZ2 option.

The point pattern on the plot for THETA¥% tends to be linear with intercepig(o)
and slope% if the data are Weibull distributed with the specific density function

p(e) = { f(=m) e (- (552)) e
0

forz < 6,

*The intercept and slope are based on the quantile scale for the horizontal axis, which is displayed
on a Q-Q plot; see Chapter 10, “QQPLOT Statement.”
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where

0o = known lower threshold
o = scale parametdir > 0)
¢ = shape parametée > 0)

An advantage of the two-parameter Weibull plot over the three-parameter Weibull
plot is that the parameteksand o can be estimated from the slope and intercept
of the point pattern. A disadvantage is that the two-parameter Weibull distribution
applies only in situations where the threshold parameter is known.

To assess the point pattern, you can add a diagonal distribution reference line cor-
responding tar, andcy with the Weibull2-optionsSIGMA=c(, and C=,. Alterna-

tively, you can add a distribution reference line corresponding to estimated values of
oo andcy with the Weibull2-optionsSIGMA=EST and C=EST. Specify these options

in parentheses, as in the following example:

proc capability data=measures;
probplot width / weibull2(theta=3 sigma=4 c=2);
run;

Agreement between the distribution reference line and the point pattern indicates that
the Weibull distribution with parametersg, 6y, andoy is a good fit. You can specify

the SCALE= option as an alias for the SIGMA= option and the SHAPE= option as
an alias for the C= option.

ZETA=valugEST
specifies a value for the scale parametéor lognormal probability plots requested
with the LOGNORMAL option. Specify THETA#&, and ZETA=, to request a dis-
tribution reference line with intercey and slopeexp(¢p). See Output 9.2.1 on
page 304 for an example.

298
SAS OnlineDocll : Version 8



Chapter 9. Details

Details

This section provides details on the following topics:

e distributions supported by the PROBPLOT statement
e SYMBOL statement options

Summary of Theoretical Distributions

You can use the PROBPLOT statement to request probability plots based on the the-
oretical distributions summarized in the following table:

Table 9.13. Distributions and Parameters
Parameters
Distribution Density Functiorp(z) Range Location | Scale| Shape
—0)*~1(@+o—a)? 1
Beta (@ Bgaﬁ)(cr(a+ﬁff) <z<b+o 0 o a, 3
Exponential Zexp (—ZF) x>0 0 o
Gamma Url(a) (%)Oﬁl exp (—£7) x>0 6 o a
—_0\_r\2
Lognormal | — \/ﬁl(x ) exp( (IOg(””zaZ) <) ) x>0 6 ¢ o
(3-parameter)
1 _(z—p)®
Normal o3 XD o all z 1 o
Weibull < (20 exp (- (59)°) x>0 0 o | e
(3-parameter)
. P c—1 0.\ €
Weibull | £ (280)" exp (- (22)") z > 6, 0o o | ¢
(2-parameter) (known)

You can request these distributions with the BETA, EXPONENTIAL, GAMMA,
LOGNORMAL, NORMAL, WEIBULL, and WEIBULL2 options, respectively. If
you do not specify a distribution option, a normal probability plot is created.
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Shape Parameters
Some of the distribution options in the PROBPLOT statement require you to specify
one or two shape parameters in parentheses after the distribution keyword. These are
summarized in Table 9.14.

Table 9.14. Shape Parameter Options for the PROBPLOT Statement

Distribution Keyword| Mandatory Shape Parameter Optipn Range
BETA ALPHA=«, BETA=( a>0,8>0

EXPONENTIAL None

GAMMA ALPHA=« a>0

LOGNORMAL SIGMA=c¢ >0
NORMAL None

WEIBULL = c>0
WEIBULL2 None

You can visually estimate the value of a shape parameter by specifying a list of val-
ues for the shape parameter option. The PROBPLOT statement produces a separate
plot for each value. You can then use the value of the shape parameter producing the
most nearly linear point pattern. Alternatively, you can request that the plot be cre-
ated using an estimated shape parameter. For an example, see “Creating Lognormal
Probability Plots” on page 278.

Location and Scale Parameters
If you specify the location and scale parameters for a distribution (or if you request
estimates for these parameters), a diagonal distribution reference line is displayed on
the plot. (An exception is the two-parameter Weibull distribution, for which a line is
displayed when you specify or estimate the scale and shape parameters.) Agreement
between this line and the point pattern indicates that the distribution with these pa-
rameters is a good fit. For illustrations, see Example 9.1 on page 302 and Example 9.2
on page 303.

The following table shows how the specified parameters determine the inteacept
slope of the line:

Table 9.15. Intercept and Slope of Distribution Reference Line

Parameters Linear Pattern

Distribution Location | Scale| Shape|| Intercept| Slope
Beta 0 o a, 0 o
Exponential 0 o 0 o
Gamma 0 o e 0 o

Lognormal 0 ¢ o 0 exp(()
Normal 1 o 1 o
Weibull (3-parameter 0 o 0 o
Weibull (2-parameter) 6 (known) | o log (o) L

*The intercept and slope are based on the quantile scale for the horizontal axis, which is displayed
on a Q-Q plot; see Chapter 10, “QQPLOT Statement.”
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For the LOGNORMAL and WEIBULL2 options, you can specify the slope di-
rectly with the SLOPE= option. That is, for the LOGNORMAL option, specifying
THETA=6, and SLOPE=sxp((,) displays the same line as specifying THET=
and ZETA=,. For the WEIBULL2 option, specifying SIGMAs, and SLOPE-CL0
displays the same line as specifying SIGMA=and C=.

SYMBOL Statement Options

In earlier releases of SAS/QC software, graphical features of lower and upper specifi-
cation lines and diagonal distribution reference lines were controlled with options in
the SYMBOL2, SYMBOL3, and SYMBOL4 statements, respectively. These options
are still supported, although they have been superseded by options in the PROBPLOT
and SPEC statements. The following table summarizes the two sets of options:

Table 9.16. SYMBOL Statement Options

Statement Alternative Statement
Feature and Options and Options
Symbol markers SYMBOL1 Statement
character VALUE=special-symbol
color COLOR=color
font FONT=font
height HEIGHT=value
Lower specification line | SPEC Statement SYMBOL2 Statement
position LSL=value
color CLSL=color COLOR=color
line type LLSL=linetype LINE=linetype
width WLSL=value WIDTH=value
Upper specification line | SPEC Statement SYMBOL3 Statement
position USL=value
color CUSL=color COLOR=color
line type LUSL=linetype LINE=linetype
width WUSL=value WIDTH=value
Target reference line SPEC Statement
position TARGET=value
color CTARGET=olor
line type LTARGET=linetype
width WTARGET=value
Distribution reference linel PROBPLOT Statement SYMBOL4 Statement
color COLOR=color COLOR=color
line type LINE=linetype LINE=linetype
width WIDTH=value WIDTH=value

For an illustration of these options, see Example 9.1 on page 302.
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Examples

This section provides advanced examples of the PROBPLOT statement.

Example 9.1. Displaying a Normal Reference Line

See CAPPROB4 Measurements of the distance between two holes cut into 50 steel sheets are saved as
In the SAS/QC values of the variable DISTANCE in the following data set:
Sample Library

data sheets;

input distance @@;

label distance="Hole Distance in cm’;

datalines;
9.80 10.20 10.27 9.70 9.76
10.11 10.24 10.20 10.24 9.63
9.99 9.78 10.10 10.21 10.00
9.96 9.79 10.08 9.79 10.06
10.10 9.95 9.84 10.11 9.93
10.56 10.47 9.42 10.44 10.16
10.11 10.36 9.94 9.77 9.36
9.89 9.62 10.05 9.72 9.82
9.99 10.16 10.58 10.70 9.54
10.31 10.07 10.33 9.98 10.15

The cutting process is in control, and you decide to check whether the process dis-
tribution is normal. The following statements create a normal probability plot for
DISTANCE with lower and upper specification lines at 9.5 cm and 10.5 cm:

symbol v=dot;
titte 'Normal Probability Plot for Hole Distance’;

proc capability data=sheets noprint;
spec Isl=9.5 lIsl=1 clsl=black
usl=10.5 lusl=2 cusl=black;
probplot distance / normal(mu=est sigma=est color=blue)
square
nospeclegend
vaxis=axisl;
axisl label=(a=90 r=0);
run;

The plot is shown in Output 9.1.1. The MU= and SIGMAsrmal-optionsrequest

the diagonal reference line that corresponds to the normal distribution with estimated
parameterg: = 10.027 andé = 0.2889. The LSL= and USL= SPEC statement
options request the lower and upper specification lines, and the LLSL=, LUSL=,
CLSL=, and CUSL= options specify the line types and colors. The SYMBOL state-
ment specifies the symbol marker for the plotted points, and the AXIS1 statement
specifies the angle and rotation for the vertical axis label.

302
SAS OnlineDocll : Version 8



Output 9.1.1.

Chapter 9. Examples

Normal Reference Line

Normal Probability Plot for Hole Distance
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Example 9.2. Displaying a Lognormal Reference Line

This example is a continuation of “Creating Lognormal Probability Plots” |eae CAPPROB3
page 278. Figure 9.4 shows that a lognormal distribution with shape para‘rgéa'ﬂrﬁ)SAS/QC
(a3

o = 0.5 is a good fit for the distribution of DIAMETER in the data set MEASUR

le Library

The lognormal distribution involves two other parameters: a threshold paraéheter
and a scale parametérSee Table 9.13 on page 299 for the equation of the lognormal
density function. The following statements illustrate how you can request a diagonal
distribution reference line whose slope and intercept are determined by estimates of

# and(.

symbol v=dot;

titte ’Lognormal Probability Plot for Diameters’;

proc capability data=measures noprint;
probplot diameter / lognormal(sigma=0.5 theta=est zeta=est)

run;

square
pctiminor
href = 95
lhref =2

hreflabel = '95%’
vref =
Ivref = 3

The plot is shown in Output 9.2.1.
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Output 9.2.1. Lognormal Reference Line

Lognormal Probability Plot for Diameters
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Lognormal Line: Threshold=5.004, Scale = —1.003

The close agreement between the diagonal reference line and the point pattern in-
dicates that the specific lognormal distribution wiéh= 0.5, 6 = 5.004, and
¢ = —1.003 is a good fit for the diameter measurements.

Specifying HREF=95 adds a reference line indicating e percentile of the log-
normal distribution. The LHREF=and HREFLABEL= options specify the line type
and a label for this line. The PCTLMINOR option displays minor tick marks on the
percentile axis. The VREF= option adds reference lines indicating diameter values
of 5.8, 5.9, and 6.0, and the LVREF= option specifies their line type.

Based on the intersection of the diagonal reference line with the HREF= line, the
estimated5" percentile of the diameter distribution is 5.85 mm.

Note that you could also construct a similar plot in which all three parameters are
estimated by substituting SIGMA=EST for SIGMA=0.5 in the preceding statements.
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