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STATISTICAL ANALYSISSYSTEM

What is SAS?

SAS isacomputer software system that provides al the tools needed for dataanalysis:
* reading data: flexible input techniques

* transformations: programming language with statistical and
mathematical functions

* manipulation: sorting, subsetting, concatenating, and
merging

* maintenance: storing, documenting, updating, and editing

*  report writing: printing information using pre-written
procedures or customized programs

* graphics. charts, plots, maps and slides

* datareduction and summarization: descriptive statistics

* datistical analysis. from simple crosstabul ations to
complex multivariate techniques

SAS consists of adata-handing language and alibrary of procedures that work together as a system. A
supervisor program controls the execution of you SAS job.

SAS — EXEC SAS ——p | AS

Statements Supervisor
Raw —> Data —»> SAS —»> A ppl ications > Reports
Nata Prnreccnr Nata Sat Prorediirtec

The SAS system is comprised of numerous SAS products. This course will focus on base SAS software.
Other SAS products that will be introduced include SAS/FSP, SAS/GRAPH, SAS/ASSIST,
SAS/ACCESS, SAS/STAT, and SAS/IML.



SAS Processing

All SASjobs are a sequence of SAS steps. There are only two kinds of SAS steps:

* DATA stepsare usually used to create SAS data sets, but can
be used to produce reports

* PROCEDURE steps analyze or process SAS data sets(generate
reports and graphs, edit data, sort date) and, in some

cases to create SAS data sets.
SAS
Supervisor
DATA PROCEDURE
Step Step
DATA MyLI B. CLASS;
| NPUT  NAME $ 1-12
SEX 12
Raw AGE 23-24 SAS
I nput > W ig %8 Data PROC PRINT; Procedure
Dat a \ o DATA=CLASS; Report
OUTPUT;
RETURN;
CARDS;
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Combining SAS Stepsinto a Job:

A SASjob consists of one or more DATA and/or PROC steps, along with the necessary system
commands, which are submitted to the computer together.

* SAS steps are processed sequentially; the first step listed is
executed first.

* A job may have more than one DATA step and create more than
one SAS data set.

* A SAS data set may be used in turn by more than one PROC.

* A PROC can use a SAS data set created in a previous job.

RAW DATA
CARDS

!

DATA
Step

'

SASDATA Set
MYLIB.CLASS

l

PROC
PRINT

l

PRINTED
OUTPUT
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The PROC STEP

In what is called a PROC step, alarge library of prewritten procedures enables end users to produce
reportseasily. You can use PROC stepsin base SAS software for:

o
S

% List and tabular reports
Graphics

Statistical analysis

Data management

Ad hoc queries

» Accessing other software files

The DATA STEP

CIRR R TR )
L X IR X X X g

DS

In what is called the DATA step, a powerful programming language gives programmers great flexibility
in designing applications. DATA step capabilities include:

%+ Sophisticated record i/o
Conditional logic

Iterative do loops

Array processing

Structured programming logic
A wide range of functions
Producing customized reports

*,

R/
A X4

R/
A X4

R/
A X4

R/
A X4

R/
A X4

R/
A X4

The SAS Data Set

Datamust be in the form of a SAS data set to be processed by most SAS procedures and some DATA
statements. SAS data sets consist of a descriptor portion that contains information about the data and a
data portion that contains the data values. The data valuesin the data portion are arranged in a
rectangular table.

VARIABLES
« NAME SEX AGE HEIGHT WEIGHT .
observation 1 « JOHN M 12 59.0 99.5 .
observation 2 « JAMES M 12 57.0 83.0 .
observation 3 « ALFRED M 12 69.0 112.5 .
observation 19 « ALICE F 13 56.5 84.0 .

The columnsin the table are called variables.
%+ Variables correspond to fields of data.

% Each variable is given a name.
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% Rulesfor names:

1-8 characters (through version 6.12)
1-32 characters (beginning with version 7.0)

start with the letter A-Z or the underscore character ()
continue with letters, numbers, and underscores

choose names that describe the fields

% There are two kinds of variables.
Character variables: ASCII representation,
1-200 bytes long (through version 6.12)

1-32,767 (beginning with version 7.0)
(e.g., NAME, SEX)

Numeric variables. Floating point representation, 3-8 bytes|long
(e.g., AGE, HEIGHT, WEIGHT)

< Thereisno limit to the number of variables that can be stored in a SAS data set.

% Therowsin thetable are called observations (or records). Thereisno limit to the number of
observations.

Missing Values

Most collections of data contain missing values. The rectangular structure of a SAS data set implies that
avalue must exist for every variable for every observation.

% In SAS data sets, missing values are represented by:
-- aperiod (".") for anumeric variable
-- ablank (" ") for a character variable

% Missing numeric variables are not zero. They are excluded from arithmetic and statistical
computations.

s+ Each SAS PROC checks variables for missing values and takes appropriate action.

% Seetheindividua PROC descriptionsin the User's Guide for details.
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Documenting SAS Data Sets

A SAS data set contains, in addition to the data values, descriptors with names and attributes of the
variables.

data set | abel

vari able attributes:
nane, type, | engt h, f or mat,
I nformat, and | abel

DESCRI PTOR hi story: source statenents
PORTI ON used to create the
dat aset
obs1l
obs?2
obs3
DATA '
PORTI ON
obsi9

If you store your data as a SAS data set, you can forget al the original physical details. The descriptor
portion of a SAS data set contains detailed information about the data set. This information includes:

o
A5

% The name of the data set and its member type
The date and time the data set was created
The number of observations

The number of variables

The engine type

CIRR R TR )
L X IR X X X g

Below isapartial listing of the descriptor portion of a SAS data set.

Data Set Name: SC.CLASS Observations: 6
Member Type: DATA Variables: 5
Engine: V612 Indexes: 0
Created: 13:22 Thursday, July 30, 1998 Observation Length: 37
Last Modified: 10:26 Monday, January 25, 1999 Deleted Observations: 0O
Protection: Compressed: NO
Data Set Type: Sorted: NO
Label:

SAS data set names should be descriptive of the information stored in the data set. They also must
follow therulesfor all SAS names

% Be1-8 charactersin length ( through version 6.12)
% Be1-32 charactersin length (starting with version 7.0)
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Begin with aletter (A-Z) or an underscore ()
% Continue with any combination of letters, numbers, or underscores

The descriptor portion of a SAS data sets also contains information about the attributes of all variables
in the data set. The attribute information includes the variable’s name, type, length, position, format,
informat, and label.

SASDatalLibraries

X/
o

Every SAS data set is stored in a SAS data library.

X/
X4

A SAS data library is a collection of SAS files recognized as a unit by the SAS system.

L)

X/
X4

In directory based operating systems, such as Windows, OS/2, or UNIX, a SAS data library is a
collection of SAS files of the same engine type stored in a specific directory .

L)

% Other types of files can also reside in the same directory

X/
X4

SAS automatically assigns extensions to SAS files in a directory based operating system. The
extension varies across operating system(.SD2,.SSD,SD7 for windows & 0S/2,.SSDO01 or SD7 for
UNIX).

L)

>

R/
*

Any number of data sets can be stored in a single library ( as long as the library is big enough to hold
them).

X/
X4

Any number of SAS data sets from any number of libraries can be used, created, and deleted in a
single job.

L)

% Every SAS file has a two level name. The first level determines whether the file is temporary or
permanent.

X/
X4

The general form of a SAS filename is:

libref. SASHfilename

L)

libref Is a name specified in a LIBNAME statement thatssociated with a directory

SAS-filenamerefers to a specific SAS file in the library

7

% If you do not specify a libref (first level name):

- the default is WORK
- the data set is temporary (exists only for the duration of the current SAS session)

% TheLIBNAME statement is used to point to or reference a SAS data library. The LIBNAME
statement is used to associate a libref (short for SAS data library reference) with a directory.
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SAS knows which directory alibref references because you associate the libref with adirectory
using the LIBNAME statement. Once defined alibref can be used repeatedly throughout a program.
Y ou can think of librefs as temporary nicknames that you use to identify SAS datalibraries during a
SAS session.

General form of the LIBNAME statement is;

LIBNAME libref < engine-name > 'SAS-data-library’ options ;

libref any valid SAS name
SAS-data-library adirectory

engine-name an optional parameter specifying one of the library engines supported by a given
operating system

V7  accesses 7.x Release SAS data sets

V8  accesses 8.x Release SAS data sets

V612 accesses 6.12 Release SAS data sets

V604 accesses 6.03 and 6.04 Release SAS data sets

XPORT accesses transport format files
Example:

LIBNAME CLASSLIB V612 ‘C:\BIOS111\SASDATA’;
PROC PRINT DATA=CLASSLIB.LIPIDS ;
RUN;

In the example above, the LIBNAME statement associates the libref CLASSLIB with the directory
C:\BIOS111\SASDATA. Next, the SAS procedure PRINT is used to print the SAS data set LIPIDS,
which resides in the directory C:\BIOS111\SASDATA .

If a directory contains SAS files created by several different engines, only SAS files created with the
engine assigned to a given libref can be accessed using that libref.

You can assign multiple librefs with different engines to the same directory. For Example:

LIBNAME one V604 'C:\BIOS111';
LIBNAME two V612 'C:\BIOS111';

If you do not specify an engine name in a LIBNAME statement, SAS attempts to determine the
engine that should be assigned to the data library. The SAS system looks at file extension in the
given directory and uses the following rules to determine the engine:
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If the directory contains SAS data sets from only one of the supported native library engines (not
including XPORT), the libref is assigned to that engine.

If there are no SAS data sets in the given directory, then the default engineis assigned. In version
6.12, the default engineisV612. Inversion 7.0, the default engineis V7. In version 8.0, the
default engineis V8.

If the directory contains SAS data sets from more than one engine, the default engine is assigned.

SASVersions 6.10, 6.11, and 6.12 data sets are given the file extension .SD2 for Windows and
0S/2.

SASVersions 6.10, 6.11, and 6.12 data sets are given the file extension .SSDO1 for UNIX.

SAS Version 7.0 data sets are given the file extension .SD7 for all operating systems.

SAS Versions 6.03 and 6.04 data sets are given the file extension .SSD.

Temporary/Permanent SAS Data L ibraries

% You can store SAS data setsin atemporary SAS data library by omitting the libref or by using the
libref WORK. For example:

DATA ONE;

INFILE XY Z;
INPUTABC;

RUN;

% You can permanently store SAS data sets by using alibref other than WORK. The directory where

7
L X4

7

L X4

7
L X4

you want to store your data sets must exist. For example:

LIBNAME BIOS'Y:\BIOS111';
DATA BIOS.ONE ;

INFILE XY Z;
INPUTABC;

RUN;

SASFILES

Theindividual filesin the library are considered members of the library. Member types include

DATA, VIEW, CATALOG, ACCESS, and PROGRAM.

SAS data sets can have one of two member types, DATA or VIEW, depending on the kind of
information they contain.

A SAS catalog (member type catalog) is a specially formatted type of SASfile that containsa

directory and entries. There are several types of SAS catalogs. We will study these later in the
course.
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Rulesfor Writing SAS Statements

>

R/
*

Each step in a SAS program is comprised of one or more SAS statements.

*,

X/
°

Some SAS statements can be used

only in DATA steps
only in PROC steps
% anywhere

KR/
LR X4

e

X/
°

Most SAS statements begin with an identifying keyword.

e

*

All SAS statements end with a semicolon.

X/
o

SAS statements can be upper or lower case.

>

e SAS statements are free format.

X/
o

They can begin anywhere on aline and end anywhere on aline.

R/
*

One statement can continue over several lines.

X/
o

Several statements can be on oneline.

X4

Blanks--as many as you want--separate fields. Special characters also separate fields.

% Recommended style:

%

% Start each statement on anew line.
» Start DATA and PROC statements in column 1; indent the other statements within aDATA step
or aPROC step to indicate the logical structure of the step.

DS

% A SIMPLE SAS JOB,;

DATA WORK.CLASS;
SET CLASSLIB.CLASS,
HTMET = HT*2.54;
LABEL HT = '"HEIGHT IN INCHES
HTMET = "HEIGHT IN CM’;
RUN;

PROC PRINT DATA=WORK.CLASS;
RUN;

PROC PLOT DATA=WORK.CLASS;
PLOT WT*HT,;
RUN;
%+ The SAS supervisor detects the end of astep when aDATA, PROC, or RUN statement is
encountered.
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COMMENTSIN SASCODE

There are 2 waysto insert commentsin SAS.
* message ;
or

[* message */

o
25

comments can be used anywherein aSASjob for documentation purposes

X/
o

SAS ignores comments during processing

X/
o

* message; must be written as a separate statement and can not contain internal semicolons

% [* message*/ can be written within statements or anywhere a blank can appear. These comments
can contain semicolons

s Examples:
* thisisacomment ;

[* thisis acomment */

proc print /* comment*/ data=one;
run;
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A SAS Program

% SAS program consists of aseries of DATA steps and PROC steps.

% When you execute a SAS program, the output generated by SASis divided into two parts: SAS LOG
and OUTPUT.

% SASLOG

¢

o
A5

Contains information about the processing of the SAS program
Prints the statements you entered

Prints errors and warning messages

Prints NOTESs relating to each step:

% --- For the DATA step, documents the creation of the data set
% --- For the PROC step, indicates the page numbers of the output

R/
A X4

R/
A X4

R/
A X4

X/
X4

OUTPUT contains the results of the PROC steps.

L)

>

s Example:

The Job, Log, and Procedure output from asimple SAS job.
TITLE 1 'CHAPTER 3, EXAMPLE 1: A SIMPLE SAS JOB;
LIBNAME CLASSLIB 'C:\BIOS111\SASDATA';

DATA WORK.CLASS;
SET CLASSLIB.CLASS,
HTMET=HT*2.54;
WTMET=WT/2.2;
LABEL HTMET=HEIGHT IN CENTIMETERS
WTMET="WEIGHT IN KILOGRAMS;
RUN;

PROC PRINT DATA=WORK.CLASS;
TITLE2 'LISTING OF DATA PORTION OF SASDATASET WORK.CLASS;
RUN;

PROC CONTENTS DATA=WORK.CLASS,

TITLE2 'LISTING OF DESCRIPTOR PORTION OF SAS DATASET WORK.CLASS;
RUN;
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QUTPUT

CHAPTER 3, EXAMPLE : A SIMPLE SAS JOB
LI STING OF DATA PORTI ON OF SAS DATASET WORK. CLASS
12: 58 Mbnday, August 16, 1993

0BS NAME SEX AGE HT WI HTMVET WIMET
1 CHRI STI ANSEN M 37 71 195 180. 34 88. 6364
2 HOSKI NG J M 31 70 160 177. 80 72.7273
3 HELMS R M 41 74 195 187. 96 88. 6364
4 PI GGY M F . 48 . 121.92 .
5 FROG K M 3 12 1 30. 48 0. 4545
6 GONZO 14 25 45 63. 50 20. 4545

CHAPTER 3, EXAMPLE : A SIMPLE SAS JOB
LI STI NG OF DESCRI PTOR PORTI ON OF SAS DATASET WORK. CLASS
12: 58 Monday, August 16, 1993

CONTENTS PROCEDURE

Data Set Nanme: WORK. CLASS Type:

Observati ons: 6 Record Len: 57
Vari abl es: 7

Label :

# Variable Type Len Pos Label

3 AGE Num 8 17

4 HT Num 8 25

6 HTMET Num 8 41 HEI GHT | N CENTI METERS
1 NAME Char 12 4

2 SEX Char 1 16

5 Wr Num 8 33

7 WIMET Num 8 49 \EI GHT | N KI LOGRAMS
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TR OOONOUTAWN R

:

SAS LOG

Copyright(c) 1985,86,87 SAS Institute Inc., Cary, NC 27512-8000, U. S. A
SAS (r) Proprietary Software Rel ease 6.04
Li censed to UNI VERSI TY OF NORTH CARCLI NA AT CHAPEL HILL, Site 03944001.

AUTCOEXEC processi ng conpl et ed.

TI TLE1 ' CHAPTER 3, EXAMPLE : A SI MPLE SAS JOB'
LI BNAVE CLASSLI B ' C:\ Bl OS111\ SASDATA’

DATA WORK. CLASS;
SET CLASSLI B. CLASS
HTMET=HT*2. 54 ;
WIVET=WI/ 2. 2
LABEL HTMET=" HEI GHT |
WIMET=" VEI GHT |

N CENTI METERS'
N KI LOGRAMS
RUN;
M ssing val ues were generated as a result of perform ng an operation on
nm ssing val ues.
Each place is given by: (Nunber of times) at (Line):(Colum).
1 at 7:10
The data set WORK. CLASS has 6 observations and 7 vari abl es.
The DATA statenent used 4.00 seconds.

PRCC PRI NT DATA=WORK. CLASS ;
TI TLE2 ' LI STI NG OF DATA PORTI ON OF SAS DATASET WORK. CLASS' ;
RUN ;
The PROCEDURE PRI NT used 3. 00 seconds.

PROC CONTENTS DATA=WORK. CLASS ;
TI TLE2 ' LI STI NG OF DESCRI PTOR PORTI ON OF SAS DATASET WORK. CLASS' ;
RUN ;
The PROCEDURE CONTENTS used 2. 00 seconds.

3-15



Syntax Errors

If you misspell a SAS keyword, forget a semicolon, or make similar mistakes, SAS prints the word
ERROR or WARNING followed by an error number. A message explaining the error is printed at the
end of the step.

Example: Log output from a SAS job with several syntax errors.
TITLEL'CHAPTER 3, EXAMPLE2: A SASJOB WITH SYNTAX ERRORS;
LIBNAME CLASSLIB 'C:\BIOS111\SASDATA";

DATA WORK.CLASS,
SET CLASSLIB.CLASS;
HTMET=HT*2.54;
WTINKILOS=WT/2.2;
LABEL HTMET=HEIGHT IN CENTIMERS
WTMET=WEIGHT IN KILOGRAMS
RUN;
PROC FREQ DATA=WORK.CLASS; TABLES SEX;
TITLEL1 ' FREQUENCY BY SEX’;

PROC PRINT DATA=WORK.CLASS,
TITLE2 'LISTING OF DATA PORTION OF SASDATASET WORK.CLASS;

PROC CONTENTS DATA=WORK.CLASS,
TITLE2 'LISTING OF DESCRIPTOR PORTION OF SASDATASET WORK.CLASS;

PROC MEANS DATA=WORK.CLASS, VARHTHWT;
TITLE2 'SIMPLE STATISTICS FOR HEIGHT AND WEIGHT,

PROC RPINT DATA=WORK.CLASS,
TITLE2'LISTING OF DATA PROCTION OF SASDATASET WORK.CLASS;

PROC CONTENTS DATA=WORK.CLASS
TITLE2 'LISTING OF DESCRIPTOR PORTION OF SAS DATASET WORK.CLASS;
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NOTE: Copyright(c) 1985,86,87 SAS Ingtitute Inc., Cary, NC 27512-8000, U.S.A.
NOTE: SAS(r) Proprietary Software Release 6.04
Licensed to UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL, Site 03944001.

NOTE: AUTOEXEC processing compl eted.

TITLEL1'CHAPTER 3, EXAMPLE 2: A SASJOB WITH SYNTAX ERRORS ;
LIBNAME CLASSLIB 'C:\BIOS111\SASDATA’;

DATA WORK.CLASS;
SET CLASSLIB.CLASS;
HTMET=HT*2.54 ;
WTINKILOS=WT/2.2;
ERROR: Thevariable named WTINKILOS contains mor e than 8 characters
9 LABEL HTMET=HEIGHT IN CENTIMETERS
10 WTMET=WEIGHT IN KILOGRAMS
11 ;
12 RUN;
NOTE: The SAS System stopped processing this step because of errors.
NOTE: The data set WORK.CLASS has 0 observations and 7 variables.
NOTE: The DATA statement used 1.00 seconds.
13
14 PROC FREQ DATA=WORK.CLASS; TABLES SEX;
15 TITLE2 ' FREQUENCT BY SEX’;
16 RUN;
WARNING: No observationsin data set WORK.CLASS.
NOTE: The PROCEDURE FREQ used 1.00 seconds.
17
18 PLCO PRINT DATA=WORK.CLASS;
PLCO PRINT DATA=WORK.CLASS;

ERROR: Statement isnot valid or it isused out of proper order.

O~NOOPAWNPE

19 TITLE2'LISTING OF DATA PORTION OF WORK.CLASS ;
20 RUN;
21
22 PROC CONTENTS DATA=WORK.CLASSS;
ERROR: Data set WORK.CLASSS not found.
23 TITLE2'LISTING OF DESCRIPTOR PORTION OF WORK.CLASS ;
24 RUN;
NOTE: Statements not processed because of errorsnoted above.
NOTE: The SAS System stopped processing this step because of errors.
NOTE: The PROCEDURE CONTENTS used 1.00 seconds.
25
26 PROC MEANS DATA=WORK.CLASS;
27 VARHTH WT ;
ERROR: Variable HTH not found.
28 TITLE2 'DESCRIPTIVE STATISTICS FOR HEIGHT AND WEIGHT;
29 RUN;
NOTE: The SAS System stopped processing this step because of errors.
NOTE: The PROCEDURE MEANS used 0.00 seconds.
30
31 PROC RPINT DATA=WORK.CLASS;
ERROR: PROCEDURE RPINT not found.
32 TITLE2'LISTING OF DATA PORTION OF WORK.CLASS';
33 RUN;
34
35 PROC CONTENTSDATA=WORK.CLASS
36 TITLE2'LISTING OF DESCRIPTOR PORTION OF WORK.CLASS';
TITLE2'LISTING OF DESCRIPTOR PORTION OF WORK.CLASS';

ERROR: Syntax error detected.
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NOTE: Expecting one of the following:

(

37 RUN;
NOTE: Statements not processed because of errors noted above.
NOTE: The SAS System stopped processing this step because of errors.
NOTE: The PROCEDURE CONTENTS used 1.00 seconds.
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Starting and Running SAS Programs

Y ou can start a SAS session or program by entering the SAS command. The SAS command, as any
other operating system command, is entered after the system’s prompt. The syntax of the SAS command
is.

SAS [file_spec optiong]
where

file_spec isthe name of thefile containing a SAS program. Thefile_specis only used when
executing SAS in non-interactive mode(explained below).

options are SAS global options. These will be explained later in the course.
There are three modes of execution or environments you can use to run SAS programs.

* interactive display manager mode
* interactive line mode
* noninteractive or batch mode

We will only discuss interactive display manager mode and noninteractive mode in the course. These are
the two most common modes of execution.

Interactive Display Manager M ode

In this mode, SAS programs are executed using the SAS Display Manager System, which isafull screen
facility with windows for editing and executing programming statements, displaying the SAS log,
displaying procedure output, and more. Interactive Display Manager isinvoked by double clicking on
the SASicon or by entering the SAS command at an operating system’s command prompt:

SAS [options]
Where options are global options. For example:
SAS -nodate

We will study Interactive Display Manager more thoroughly in the next section.

Noninteractive or Batch Mode

In noninteractive mode, SAS programming statements are stored in an external file and the statementsin
the file execute when you issue a SAS command referencing the file. In this mode, the SASlog and
output are written to external files. They are not displayed on the screen.

Noninteractive SAS isinvoked with the SAS command:

SAS [file_spec options]

where file_spec is the name of the external file containing the SAS program you want to execute. The
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file_spec should also include the path if the external fileis not in the current directory. Again options are
the global options. For example, suppose that you have a SAS program in afile called
\BIOS111\PROG1.SAS. Y ou can execute the program with the command:

SAS\BIOS111\PROG1.SAS

If PROG1.SASisin the current directory then the path can be omitted.

Log and Output Files

The SASlog from a SAS program run in noninteractive mode is written to a file with the same filename
asthe sourcefile and .LOG as an extension. The output is written to a file with the same filename asthe
sourcefileand .LST as the extension. By default, the .LOG and .LST files are written to the current
directory.

For example, suppose the current directory is BIOS111 and the name of the source fileis PROG1.SAS.
Thelog and output files from executing thisfile in batch mode are BIOS111\PROG1.LOG and
BIOS111\PROG1.LST .

If an error occursin a SAS program run in batch mode a.L ST file may not be created.
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