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Using This Book
SAS/QC User’s Guideprovides complete documentation, including introductory ex-
amples, syntax, computational details, and advanced examples for the procedures in
SAS/QC software, Version 7. In general, this book can be used for all current re-
leases of SAS/QC software, and it replaces and updates the information provided
by SAS/QC Software: Usage and Reference, Version 6, First Editionand SAS/QC
Software: Changes and Enhancements for Release 6.12.

Point-and-click interfaces for basic statistical quality improvement methods and de-
sign of experiments are also included in SAS/QC software. The SQC Menu Sys-
tem for statistical quality control applications is described inSAS/QC Software: SQC
Menu System, Version 6, First Edition. The ADX Interface for the design and analysis
of experiments is described at http://www.sas.com/rnd/app/qc/newadx/newadx.html.

Organization

This book is divided into parts, each of which corresponds to a procedure in SAS/QC
software and contains one or more chapters. For example, the part describing the
CAPABILITY procedure contains a chapter for each plot statement (such as the
HISTOGRAM statement) in the procedure. Similarly, the part describing the SHE-
WHART procedure contains a chapter for each chart statement (such as the XR-
CHART statement) in the procedure.

The following list summarizes the types of information provided for each procedure:

Overview provides a general description of what the procedure does.

Getting Started illustrates simple uses of the procedure using tutorial
examples.

Syntax constitutes the major reference section for the syntax of
the procedure. First, the statement syntax is summarized.
Next, functional summary tables list the options classified
by function. Finally, a dictionary of options, listed in al-
phabetical order, provides details on each option.

Details describes features of the procedure, including equations,
computational methods, and input and output data sets.

Examples provides examples that illustrate common and advanced
applications of the procedure.

References lists books and journal articles relevant to the procedure.
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Using This Book

Typographical Conventions

SAS/QC User’s Guideuses various type styles, as explained by the following list:

roman is the standard type style used for most text.

UPPERCASE ROMAN is used for SAS statements, variable names, and SAS lan-
guage elements when they appear in the text. However,
you can enter these elements in your own SAS code in
lowercase, uppercase, or a mixture of the two. This style
is also used for identifying arguments and values (in the
Syntax specifications) that are literals (for example, to de-
note valid keywords for a specific option).

UPPERCASE BOLD is used in the “Syntax” section to identify SAS keywords
such as the names of procedures, statements, and options.

italic is used for user-supplied values for options. It is also used
for terms that are defined in the text, for emphasis, and for
references.

monospace is used to show examples of SAS statements. In most
cases, this book uses lowercase type for SAS code. You
can enter your own SAS code in lowercase, uppercase, or
a mixture of the two. This style is also used for values of
character variables when they appear in the text.

Conventions for Examples

Most of the output shown in this book is produced with the following SAS System
options:

options linesize=80 pagesize=76 nonumber nodate;

The template STATDOC.TPL is used to create the HTML output that appears in the
online (CD) version. A style template controls stylistic HTML elements such as
colors, fonts, and presentation attributes. The style template is specified in the ODS
HTML statement as follows:

ODS HTML style=statdoc;

If you run the examples, you may get slightly different output. This is a function of
the SAS System options used and the precision used by your computer for floating-
point calculations.

The following GOPTIONS statement is used to create the online (color) version of
the graphic output.

SAS OnlineDoc: Version 7-1
4



Online Help System and Updates

filename GSASFILE ’<file-specification>’ ;

goptions gsfname=GSASFILE gsfmode =replace
fileonly
transparency dev = gif
ftext = swiss lfactor = 1
htext = 4.0pct htitle = 4.5pct
hsize = 5.625in vsize = 3.5in
noborder cback = white
horigin = 0in vorigin = 0in ;

The following GOPTIONS statement is used to create the black and white version of
the graphic output, which appears in the printed version of the manual.

filename GSASFILE ’<file-specification>’ ;

goptions gsfname=GSASFILE gsfmode =replace
gaccess = sasgaedt fileonly
transparency dev = pslepsf
ftext = swiss lfactor = 1
htext = 3.0pct htitle = 3.5pct
hsize = 5.625in vsize = 3.5in
border cback = white
horigin = 0in vorigin = 0in ;

Colors specified in example statements were remapped to a grey scale in the output.

Accessing the SAS/QC Sample Library in Version 7.

The SAS/QC sample library includes many examples that illustrate the use of
SAS/QC software, including the examples used in this documentation. To access
these sample programs, selectHelp from the pmenu and selectSAS System Help.
From the Main Contents list, chooseSample SAS Programs and Applications. In
addition, by choosingSAS on the Webfrom theHelp pmenu, you can then select
Sample Programsto gain access to the sample programs currently maintained on
the SAS Technical Support web site.

Online Help System and Updates

You can access online help information about SAS/QC software in two ways, de-
pending on whether you are using the SAS Display Manager in the command line
mode or the pull-down menu mode.

If you are using a command line, you can access the SAS/QC help menus by typing
help qcon the display manager command line. If you are using the display manager
with pull-down menus, you can selectSAS System Helpfrom theHelp pmenu, and
then selectSAS/QC Softwarefrom the list of available topics.
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Overview of SAS/QC Software
SAS/QC software, a component of the SAS System, provides a comprehensive set of
tools for statistical quality improvement. You can use these tools to

� organize quality improvement efforts
� design industrial experiments for product and process improvement
� apply Taguchi methods for quality engineering
� establish statistical control of a process
� maintain statistical control and reduce variation
� analyze process capability
� develop and evaluate acceptance sampling plans

ADX Interface

Process Capability Analysis

Statistical Process Control

Reproducibility

Basic Problem Solving

Design of Experiments

Sampling Plan Evaluation

CAPABILITY Procedure

GAGE Application

Gage Repeatability and

Functions

SQC Menu System

PARETO Procedure

ISHIKAWA Procedure

Functions

RELIABILITY Procedure

Functions

Reliability Analysis

MACONTROL Procedure

CUSUM Procedure

SHEWHART Procedure

OPTEX Procedure
FACTEX Procedure

Figure 1. Components of SAS/QC Software

There are two main types of tools in SAS/QC software: menu systems and proce-
dures.

� The menu systems are complete, full-screen oriented environments for statis-
tical quality improvement applications. Unlike the procedures, the menu sys-
tems require no knowledge of SAS programming. Internally, however, the
menu systems translate the user’s selections into SAS statements that are then
submitted for execution.

� The procedures in SAS/QC software offer greater flexibility and power than
the menu systems. To use a procedure, you must have a basic knowledge of the
SAS language and the syntax of the procedure. You can run the procedures in
a batch program or interactively with the SAS Display Manager System.
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ADX Interface for Design of Experiments

ADX Interface for Design of Experiments

ADX Interface

FACTEX Procedure

OPTEX Procedure

Functions

Design of Experiments The ADX Interface provides a solution for engineers
and researchers who require a point-and-click inter-
face for designing and analyzing experimental de-
signs.

D-Optimal

Hybrid

Small Composite

Box-Behnken

Central composite

Response Surface DesignTwo-level Design

Full and fractional factorial design with or without blocks

Plackett-Burman design

Design constructed from a user-specified model

Inner and outer array for Taguchi applications

D-optimal

Graphical analysis using Normal plot,
Pareto plot, and Bayes plot

Canonical analysis

Optimal Box-Cox Transformation

Simplex-centroid

Outlier and influential observation
analysis

Analysis of variance

Residual analysis

Regression analysis

Automatic HTML report generation displayed in web browser

Main effects plot

Interaction plot

Cube plot

Factorial plot

Scatter plot

Report Generation

Prediction profile plot

Contour optimizer

Surface plot

Contour Plot

Response calculator

Data Exploration Graphical OptimizationStatistical Analysis

D-optimal

L arrays

Two and three level mixed level designs

Mixed Level Design

Design Construction

Simplex-lattice

D-optimal design with or without constraints

Mixture Design

Figure 2. General Design and Analysis Facilities

Note: Information about the ADX Interface can be found at
http://www.sas.com/rnd/app/qc/newadx/newadx.html.
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SQC Menu System for Statistical Quality Control

SQC Menu System

Functions

MACONTROL Procedure

CUSUM Procedure

SHEWHART Procedure

Statistical Process Control

The SQC Menu System provides facilities for stan-
dard statistical quality control applications and is in-
tended for quality analysts, quality control managers,
and other non-statisticians.

devices or line printers

Plot customization options

Labeling out-of-control
points

Saving graphical and printed
output

Working directly wit h SAS
programs generated by
the menu system

Shewhart Charts

X and R Charts
_

X and x charts
_

Box Charts
Individual measurements

and moving range charts
Tests for special causes

p charts
np charts
c charts
u charts

Process Capability Analysis

Histograms
Comparative histograms

Plots produced on graphicsCapability indices

Help Facilities

Summary statistics
Prediction, confidence, and

tolerance intervals

Q-Q plots
Probability plots

P-P plots
cdf plots

Ishikawa (Cause-and
Effect) Diagrams

Dynamic graphics
environment

Popup windows for
for data entry

Facilities for complex
diagrams

Moving Average Charts

Pareto Charts

Standard charts

Comparative charts

Restricted charts
(for large data sets)

Full-screen data entry and
editing

Data subsetting
Data sorting

Processing of data i n groups
(BY processing)

Control limits read from or
saved to a file

Points identified with special 
causes can be removed,
control limits recomputed

Online help for menus and
statistical methods

Online tutorial

Statistical and Graphical Analysis Facilities Data Management

Features

Figure 3. Overview of the SQC Menu System

Note: The SQC Menu System is documented inSAS/QC Software: SQC Menu Sys-
tem, Version 6, First Edition.
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Procedures for Design of Experiments

Procedures for Design of Experiments

ADX Interface

Functions

Design of Experiments

OPTEX Procedure

FACTEX Procedure

SAS/QC software provides two procedures for the
design of experiments. The FACTEX procedure con-
structs factorial experimental designs, which are use-
ful for studying the effects of various factors on a re-
sponse. The OPTEX procedure searches for optimal
designs in situations in which standard designs are
not available.

Figure 4. Overview of the Experimental Design Procedures

9
SAS OnlineDoc: Version 7-1



Using This Book

Procedures for Control Chart Analysis

SHEWHART Procedure

Functions

Statistical Process Control

SQC Menu System

MACONTROL Procedure

CUSUM Procedure

SAS/QC software provides three procedures for
the creation and analysis of control charts. The
SHEWHART procedure creates all commonly en-
countered Shewhart charts for variables and at-
tributes. The CUSUM procedure creates cumulative
sum control charts. The MACONTROL procedure
creates moving average charts.

Shewhart Charts

X and R charts
_

X and s charts
_

Box charts
Individual measurements

and moving range charts
Tests for special causes

p charts
np charts
c charts
u charts

Cusum Charts

Cumulative sum control charts
One-sided scheme (decision interval)
Two-sided scheme (V-mask)

Moving Average Charts

Graphical Enhancement Features

Uniformly weighted moving average charts
Exponentially weighted moving average charts

Nonstandard Control Charts

Trend charts for time-dependent data
Star charts for multivariabe process data

Control Limits

Computed from the data
Computed from standard values
Computed as probability limits
Read from an input data set
Limits vary with subgroup

sample size or fixed limits
can be specified

Process Standard Deviation

Estimated by one of a variety 
of methods

Specified as a known value

Data Sets

Specify various input data sets
Create various output data sets

Data Sets

Specify various input data sets
Create various output data sets

Displaying multiple sets of control limits
Displaying stratification of process data
Classifyin subgroups into blocks
Highlighting and labeling out-of-control points
Specifying date or time format for subgroups

Labeling extreme points in box charts
Specifying number of subgroups per page
Adding titles, notes, and footnotes
Customizing axes and control limit labels
Specifying colors, fonts, and line types

Control Chart Procedures Features

Figure 5. Overview of Control Chart Analysis Procedures
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Procedure for Process Capability Analysis

Procedure for Process Capability Analysis

Process Capability Analysis

CAPABILITY Procedure

SAS/QC software provides one procedure for the
analysis of process capability. The CAPABILITY
procedure compares the distribution of output from
an in-control process to the specification limits of the
process to determine the consistency with which the
specification limits can be met.

fitted pdf curves
kernel density estimates
summary statistics

specification limits
fitted pdf curves
kernel density estimates
summary statistics

Other Graphical Features

Inset boxes with summary statistics
Customized axes and legends
Titles, footnotes, notes
Colors, fonts, symbol markers

CAPABILITY Procedure

Overview

Provides graphical and statistical
specification limitstools for process capability

Estimation of areas outside

analysis

Statistical Methods

Graphical Methods

Histograms, superimposed with

cdf plots, superimposed with
specification limits
fitted theoretical distribution curves

Probability plots, superimposed with
specification limits

Quantile-quantile (Q-Q) plots, super-
imposed with specification limits

Probability-probability (P-P) plots
Available distributions

normal
lognormal
exponential

Comparative histograms, superimposed with

Weibull
gamma
beta

specification limits

CPU, Cpm, k

Descriptive Statistics
Capability Indices: Cp, Cpk, CPL,

Confidence, tolerance, and
prediction intervals

Goodness-of-fit based on ecdf

Figure 6. Overview of Process Capability Analysis
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Procedures for Basic Quality Problem Solving

Basic Problem Solving

ISHIKAWA Procedure

PARETO Procedure

SAS/QC software provides two procedures for basic
quality problem solving. The PARETO procedure
creates charts that display the relative frequency of
problems in a process or operation. The ISHIKAWA
procedure creates a cause-and-effect or fishbone di-
agram, which displays factors that affect a quality
characteristic or problem.

Figure 7. Overview of Quality Problem Solving Procedures
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Procedure for Reliability Analysis

Procedure for Reliability Analysis

RELIABILITY Procedure

Reliability Analysis

SAS/QC software provides one procedures for reli-
ability analysis. The RELIABILITY procedure pro-
vides tools for reliability and survival data analysis
and for recurrence data analysis.

Other Graphical Features
Inset box with summary statistics
Customized axes and legends
Title, footnotes, notes
Colors, fonts, symbol markers

Graphical Features

Kaplan-Meier, median ranks, expected ranks
Probability plots for lifetime distributions:

Available distributions for probability plots:
Weibull
Exponential
Lognormal
Loglogistic
Extreme value
Normal
Logistic

Lifetime-stress relationship plots for

Plots of mean cumulative function and confidence
intervals for repairable systems data

Plots for multiple populations

methods for right censored data
Turnball algorithm for arbitrarily censored data

accelerated lifetest data

Regression models

RELIABILITY Procedure

Statistical Methods

Weibull
Lognormal
Loglogistic
Extreme value
Normal
Logistic
3 parameter gamma

Fitting of lifetime distributions:

Right, left, interval censored lifetimes

Confidence intervals for distribution
likelihood and least squares

Analysis of Poisson and binomial data

Accelerated life test models

parameters, percentiles, survival
function

Overview

for the analysis of reliability data
Provides graphical and statistical tools

Parameter estimation by maximum

Figure 8. Overview of Reliability Analysis
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