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Graphics

We will discuss two ways to produce plots in SAS with procedures
meant for graphics only:

e “o” procedures (SAS/Graph)
e “sg” procedures (Base SAS)

The “g” procedures have been used extensively for 20+ years. The
“sg” procedures are newer starting with experimental procedures
in SAS version 9.2 and full implementation in SAS version 9.3.

All programs and data sets used for these notes are available
from my course website. New files that we have not used before
are cereal graphics.sas and gpa graphics.sas.

The “g” procedures

In a previous section, we used proc reg to estimate a regression
model for the GPA data set. This procedure also provided a
scatter plot with this estimated regression model plotted upon it.
In this subsection, we will examine how to create this plot in a
more general manner using proc gplot. Below is how to create
the most basic scatter plot possible:

dm "log; clear; odsresults; clear;";

options linesize=64 nonumber nodate;

goptions reset gunit=in; *Reset any previous options/statements
given, all sizes are 1in 1inches;

titlel "Chris Bilder, STAT 850";

data setl;
infile "C:\datal\gpa.csv" firstobs=2 delimiter=",";
input HS College;

run;

title2 "College GPA vs. HS GPA - basic plot";
proc gplot data=setl;
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plot CollegexHS;
run;

Chris Bilder, STAT 850
College GPA vs. HS GPA - basic plot
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To save this plot into a file, right click on the plot and select
“Save picture as”. To copy this plot into Word, right click on the
plot and select copy. Paste it then into Word. Note that using
this same sequence does not work in IyX. Instead, one can save
the file and then select INSERT > (GRAPHICS.

Below is a better plot using a number of options in proc gplot:

title2 "College GPA vs. HS GPA - better plot";
proc gplot data=setl;
plot College*HS / vaxis=axisl haxis=axis2 grid;
axisl label = (a=90 "College")

length = 5
order = (0 to 4.50 by 0.5)
minor = (number=4) ;
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axis2 label = ("HS")

length = 5
order = (0 to 4.50 by 0.5)
minor = (number=4) ;
symboll v=circle cv=red h=0.25;
run;
Chris Bilder, STAT 850
College GPA vs. HS GPA - better plot
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Comments:

e The plot statement can include a number of options. For this
particular setting, the vaxis and haxis options specity where
I put changes to the default appearances of the vertical and
horizontal axes, respectively. The grid option specifies the
drawing of gridlines at the major tick marks.
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e Options given inside the axisl and axis2 lines of code:

—a: angle to rotate the label given in quotes

— length: length in inches (due to gunit specification) for
an axis

— order: numerical scale for the major tick marks

—minor: options for the tick marks included between the
major tick marks

e The first (and only) set of symbols used in the plot is given
by the symboll statement with options

— v: value for the symbol
— cv: color of the symbol
—h: height of the symbol in inches

Below are the plotting symbols and colors available in SAS:



Graphics.b

VALUE= Plot Symbol VALUE= Plot Symbol
PLUS + $ (dollar sign) <>
X X % (percent) éu)\)
STAR >|< & (ampersand) &3
SQUARE ] (single quote) 5;9@
SQUAREFILLED = = (equals) ik
DIAMOND <> - (hyphen) O
DIAMONDFILLED ‘ @ (at) Q
TRIANGLE A * (asterisk) Q
TRIANGLEFILLED A + (plus) @
HASH > (greater than) d
Y Y (period) 2
Z Z < (less than) h
PAW {comma) cg
POINT / (slash) @
DOT . ? (question mark) ]B
CIRCLE O ( (left parenthesis) (
_ {underscore) E ) (right parenthesis) CS//

(double quote) @ (colon) *
# (pound sign) @

A list of SAS colors is at ftp://ftp.sas.com/techsup/
download/graph/color_list.pdf.
color names can be used, like black, red, and blue, and more
obscure names, like 1ilac, salmon, and vigb (vivid greenish

blue).

In sulnmarly, COINIMoI
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The SAS help for all of these statements and options is available
at

= @ SAS System Documentation
What's Mew

[ Learning to Use SAS AXIS Statement
[ Using SAS Software in Your Operating
= [ SAS Products Controls the location, values, and appearance of the axes in plots and charts.
SAS Procedures
SAS Language Elements Used by: GBARLINE, GCHART, GCONTOUR, GPLOT, GRADAR, G3D
[ Base SAS
[ SAS/ACCESS Type: Global
(1 SAS/AF Restrictions: For the G3D procedure, the AXIS statement is supported by the JAVA and ActiveX devices only.
[T SAS/ASSIST
[ SAS/CONNECT For the GCHART procedure, the AXIS statement and its options are ignored when used in
[ SAS/EIS conjunction with the BLOCK statement.
(7] SAS/FSP
[ SAS/GIS

= [ SAS/GRAPH

Syntax
What's Mew in SAS/GRAPH 9.4

Summary of Optional Arguments

o] i f SAS/GRAPH Softw
(3 Qvenview of SAS/ g Optional Arguments

[ Procedures

& [ Global Statements Text Description Suboptions
AXIS Tick Mark Description Suboptions
BY Details
FOOTMOTE Description: AXIS Statement
GOPTIONS Using Text Description Suboptions
LEGEND Using the AXIS Statement
NOTE

Assigning AXIS Definitions

o] ODS HTML
Substituting BY Line Valuesin a Text String

PATTERN
SYMEBOL

TITLE
[ Examples Syntax
[ Graph Appearance
Using Image Capabilities AXI15<1..99> <option(s)=;
[ Graph-N-Go
[T SAS/GRAPH 9.4: Reference, Thi
[[7] SAS/GRAPH 9.4: Java Applets a Summary of Optional Arguments
[T SAS/GRAPH 9.4: Network Visuz
[ SAS/IML Appearance options
(5 SAS/IntrNet COLOR=axis-color
(1 54594 National Language Suppor specifies the color for all axis components (the axis line, all tick marks, the frame outline, and all text) un

[[7] SAS OLAP Server you include a more explicit AXIS statement color specification.
= T CACINR

While statements like axis1 and symboll were given inside of
proc gplot and run, these are actually what SAS refers to as
global statements. The titlel statement is another example of
a global statement that we have seen earlier. These statements
can be positioned elsewhere in the code prior to when you want
them to be used. Generally, I recommend keeping these plotting
statements within the proc gplot and run that they are meant
for as part of good coding habits. However, it is important to
know that these statements remain in effect (like for other plots)
until a new version of the statement is given. For example, all
future plots will use av = circle until a new symbol1 statement
with a new value for v is given.

In order to obtain a linear regression model and confidence in-
terval bands on the plot as well, the following symbol1 statement
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can be used instead of the one used with the previous set of code:

symboll v=circle cv=red h=0.25 i=rlclm95 line=1 co=black ci=blue;

This will lead to the following plot:

Chris Bilder, STAT 850
College GPA vs. HS GPA - with regression model
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Comments:

e The i option denotes “interpolation”. In this case, a linear
regression (rl) line is included on the plot with a 95% confi-
dence interval band for the mean response (c1m95). To plot
95% prediction interval bands for the response, one can use
i=r1c1i95 instead. The line option corresponds to line type
#1. Below are possible line types in SAS:
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e The color of the regression line is black (co) and the color of
the confidence interval bands lines is blue (ci).

e The estimated regression model is printed in the Log window.

Legends can be useful when a classification of an observation is
needed for a plot. To illustrate, suppose we would like to create
a scatter plot of the sugar and fat values from the cereal data ex-
ample, where the plotting symbol corresponds to the shelf. Below
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is my code and output illustrating this:

title2 "Cereal data - symbol represents shelf";
proc gplot data=setl;

plot sugar*fat=shelf / vaxis=axisl haxis=axis2 grid

legend=1legendl;

axisl label = (a=90 "Sugar");

axis2 label = ("Fat");

symboll v=circle cv=red h=0.25;

symbol2 v=diamond cv=blue h=0.25;

symbol3 v=square cv=green h=0.25;

symbol4 v=triangle cv=purple h=0.25;

legendl label = ("Shelf number")

down = 1

across = 4

position = (bottom center outside)

shape = symbol (0.00001,0.25);

run;
Chris Bilder, STAT 850
Cereal data adjusted for serving size
Obs | ID | Shelf  Cereal sugar fat | sodium

1 1 1 Kellog's Hazzle Dazzle Rice Crispies  0.35714 | 0.000000 | 6.0714
2 2 1 Post Toasties Corn Flakes 0.07143 | 0.000000 | 96429
3 3 1 Kellogg's Comn Flakes 0.07143  0.000000 10.7143
4 4 1 Food Club Toasted Oats 0.06250 | 0.062500 | &.7500
5 & 1 Frosted Cheerios 0.43333 | 0.033333 | 7.0000
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Chris Bilder, STAT 850

Cereal data - symbol represents shelf
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Comments:

e The plot sugar*fat=shelf portion of the code shows that
a scatter plot between sugar and fat needs to be drawn where
the shelf corresponds to a third dimension to the plot.

e The four symbol statements are assigned to the four different
ordered values of shelf.

e The legend is automatically created for the different levels
of shelf. By default, SAS will place three separate plotting
symbols for each unique symbol (e.g., three open circles for
shelf #1). To change this behavior, I used the shape option
where the width for each symbol is set to be 0.0001 causing
these three open circles to essentially be plotted right on top
of each other. The height of the symbol is 0.25.
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Another way to obtain a legend with a plot is to use the plot
statement with multiple y*x values. For example, suppose there
were three variables x, y, and z which all were measured on the
same scale. One could use plot y*x z*x / overlay to plot ob-
servation pair sets on the same plot. The symboll statement
would correspond to x*y and the symbol2 statement would cor-
respond to x*z. The program for the cereal example provides an
illustration of how this could be done with a reformulated version
of its data (yet). You are not responsible yet for how I reformu-
lated the data. Please focus on the use of proc gplot for this
example.
Final comments:

e After executing statements with proc gplot, you will notice
that SAS indicates that proc gplot is still running. In order
to fully exit out of the procedure, a quit statement needs to
be given or some other procedure needs to be executed.

e The temporary location of the graphics file is given in the Log
window.

The “sg” procedures

The new “sg” procedures allow users to access the graphics ca-
pabilities that the ODS system has made available in statistical

procedures. Below are two examples of scatter plots with the
GPA data.

title2 "SG procedure - College vs. HS";
proc sgplot data=setl;
scatter x=HS y=College / MarkerAttrs=(symbol=circle color=red
size=10) ;
run;

ods graphics / width=5in height=5in;

title2 "SG procedure - College vs. HS with additional items";
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proc sgplot data=setl;
reg x=HS y=College / MarkerAttrs=(symbol=circle color=red
size=10)
lineattrs = (pattern=longdash color=black)
name="regressionpart"
CLM="95% CI" CLMAttrs=(CLMFillAttrs = (color=yellow))
alpha=0.05 CLMTransparency=0.5;
refline 3.25 / axis=y lineattrs=(pattern=dot color=green)
name="Reference line";
yaxis grid GridAttrs=(pattern=dot color=black);
xaxis grid GridAttrs=(pattern=dot color=black);
keylegend "regressionpart" "Reference line" / location=inside
position=bottomright opaque;
run;

ods graphics / reset; *Set back to default plot size;

Chris Bilder, STAT 850
SG procedure - College vs. HS
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Comments:

Chris Bilder, STAT 850
SG procedure - College vs. HS with additional items

e One of the nice aspects of the “sg”’ procedures is items can be
added to plots easily with additional statements as shown in
the second example.

e The second plot contains some features that I may not nor-
mally include, but they are shown here as examples of what
can be done.

e There are many ways to customize lines, plotting points, and
other attributes to the plot. Below is where one can find help
on these items.
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SA5 Help and Documentation

SAS Systemn Documentation » SAS Products > Base SA5 » ODS Graphics » SAS 9.4 ODS Graphics: Procedures Guide, Thirc
Edition > Procedures > SGPLOT Procedure

[ sgptot RISV = YES]
Contents Index  Search Results Bookmarks
= @ SAS System Documentation ~
What's New

[ Learning to Use SAS
(7] Using SAS Software in Your Operating Environment
=[] SAS Products
SAS Procedures
SAS Language Elements
= [ Base SAS
[[7] Base SAS Software in the Windowing Environment
[[7] Base SAS 9.4 Procedures Guide, Third Edition
[_7] Base SAS 9.4 Procedures Guide: Statistical Procedur
[_7] Base SAS 9.4 Procedures Guide: High-Performance
(7] SAS 9.4 Language Reference: Concepts, Third Editic
(] SAS 9.4 Component Objects Reference, Second Edi
[[7] SAS 9.4 Data Set Options: Reference, Second Editior
(7] SAS 9.4 Formats and Informats: Reference
(7] SAS 9.4 Functions and CALL Routines: Reference, T
[[] SAS 9.4 Statements Reference, Third Edition
[[7] SAS 9.4 System Options: Reference, Third Edition
[_7] Base SAS 9.4 Utilities: Reference
(7] SAS Qutput Delivery System (ODS)
[ ODS Graphics
(7] What's Mew in ODS Graphics for 9.4
Introduction to ODS Graphics
[_7) ODS Graphics Procedures
[ Statemnents That Are Used with ODS Graphics Pi
[T Examples
[ Controlling Graph Appearance
[[7] SAS 9.4 ODS Graphics: Getting Started with Busi
=[] SAS 9.4 ODS Graphics: Procedures Guide, Third
Title Page
What's Mew in SAS ODS Graphics Procedure
Accessibility Features of OD5 Graphics Proc
2R Introduction to the Procedures
= 2B Procedures
[ZB SGDESIGN Procedure
[ZB SGPAMEL Procedure
= 2B SGPLOT Procedure
Syntax: SGPLOT Procedure
PROC SGPLOT Statement
STYLEATTRS Statement
BAND Staternent
BLOCK Statement
BUBBLE Statement
DEMSITY Statement
DOT Statement
DROPLIME Statement
ELLIPSE Statement
FRIMNGE Statement
GRADIEGEMD Statement
HBAR Statement
HBARPARM Statement
HBOX Statement
HIGHL OW Staternent
HISTOGRAM Statement
HLIME Statement
IMSET Statement
KEYLEGEMD Statement
LINEPARM Statement
LOESS Statement
NEEDLE Statement
PESPLIME Statement
POLYGON Statement
REFLIME Statement
REG Statement

IEEEEREEEEEEREBEE

SCATTER Statement

Below is how a scatter plot

Previous Page Mext Page

SGPLOT Procedure

Syntax » | Overview | Concepts | Examples =

SCATTER Statement

Creates a scatter plot.
Examples: About Scatter Plots
Grouping a Scatter Plot

Adding a Prediction Ellipse to a Scatter Plot

Creating Lines and Bands from Pre-Computed Data

Syntax
Summary of Optional Arguments
Required Arguments
Optional Arguments

Syntax

SCATTER X=variable Y=variable </option(s)=;

Summary of Optional Arguments

Appearance options

ATTRID=variable
specifies the value of the 1D variable in an attribute map data set.

COLORMODEL=style-element | (color-list]
specifies a color ramp that is to be used with the COLORRESPONSE= aption.

COLORRESPONSE =numeric-column
specifies the numeric column that is used to map colors to a gradient legend.

DATASKIN=NOME | CRISP [ GLOSS | MATTE | PRESSED | SHEEN

specifies a special effect to be used on the plot.
DISCRETEOQFFSET=numeric-value

specifies an amount to offset all markers from discrete X or Y values.

ERRORBARATTRS=style-element <(aptions)> | (options)
specifies the appearance of the error bars in the plot.

LABELSTRIP
strips leading and trailing blanks from marker characters or data labels with fixed positions
before they are displayed in the plot.

TRANSPARENCY=value
specifies the degree of transparency for the plot.

Axis options
HIAXIS
assigns the X variable to the secondary (top) horizontal axis.

Y2AXIS
assigns the Y variable to the secondary (right) vertical axis.

Data tip options

TIP=(variable-list) | NOME
specifies the data tip information to be displayed when the cursor is positioned over the graphics
element.

for the cereal data can be created as

before but now with proc sgplot:

title2 "sg procedure, cereal data';

proc sgplot data=setl;
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scatter x=fat y=sugar / group=shelf;
run;

x*attrpriority=none allows one to control styles better;
ods graphics / attrpriority=none;

title2 "sg procedure, cereal data better plot";
proc sgplot data=setl;
StyleAttrs datasymbols=(circle diamond square triangle)
datacontrastcolors=(red blue green purple);
scatter x=fat y=sugar / group=shelf MarkerAttrs=(size=10);
yaxis grid GridAttrs=(pattern=dot color=gray);
xaxis grid GridAttrs=(pattern=dot color=gray),;
run;

ods graphics / attrpriority=color; *Default value;

Chris Bilder, STAT 850

sq procedure, cereal data
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Chris Bilder, STAT 850
s procedure, cereal data better plot
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Colors, symbols, and line types are not exactly the same as those
with proc gplot. The StyleAttrs help for proc sgplot pro-
vides listings of options. For example, below are the types of
symbols.

- ArrowDown ©T) HomeDown mu Tilde » X B SquareFilled

* Asterisk I Iheam A Triangle v Y * StarFilled

O Circle + Plus v TriangleDown = Z A TriangleFilled

<» Diamond O Square <] TriangleLeft @ CircleFilled ¥ TriangleDownFilled
> GreaterThan 37 Star L= TriangleRight 4 DiamondFilled « TriangleLeftFilled
# Hash T Tack I Union ¥ HomeDownFilled » TriangleRightFilled

There are a wide variety of other types of plots that can be
constructed with proc sgplot. Below are a few of these plots
with the code only in the programs.
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Chris Bilder, STAT 850
sq procedure - Histogram
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Chris Bilder, STAT 850
sq procedure - Box plots
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Chris Bilder, STAT 850
sq procedure - dot plots
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Final comments

e To create a PDF of a plot, use code similar to the following:

ods pdf file="c:\chris\myplot.pdf";
* INSERT PLOT CODE HERE;
ods pdf close;

This redirects all output to go into the specified PDF file.

e Trellis graphics (multiple plots displayed in a grid where each
plot is conditional on a variable value) are possible in SAS
using proc sgpanel. Both the GPA and cereal data set pro-
grams give very simple examples (these types of plots would
not be necessary in these situations).

e A useful reference on ODS graphics in general is avail-
able at https://support.sas.com/rnd/app/0DSGraphics/
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papers/index.html. Note that any references for SAS ver-
sion 9.2 may not provide correct information because the sg
procedures were still experimental then (e.g., statements used
may not be available any longer for SAS version 9.3 and
above).



