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Debugging 101
Peter Knapp, U.S. Department of Commerce

Overview

The aim of this paper is to show a beginning user of SAS

how to debug SAS programs. New users often review

their logs only for syntax errors that appear in red. They

neglect to look for other types of coding errors. SAS

identifies non-syntax  errors in notes and w arnings.

Examples include notes that SAS has found uninitialized

variables, generated missing values, or encountered more

than one DATA set with repeats of BY values in a

MERG E statement. In addition, once all coding errors are

cleaned up, new users can find that their programs do not

produ ce the desir ed results. T o produ ce the desir ed results

they need to uncover logic errors that are often more

difficult to find than coding errors. By demonstrating

various debugging techniques, I plan to show that with a

little practice, one can master the art of debugging SAS

program s.

Understanding How SAS Runs a Program

Before  discussing  program ming e rrors, hav ing a basic

understa nding o f how th e SAS S ystem ru ns a prog ram is

important. A SAS program is typically made up of DATA

steps and  PRO C steps. D ATA  steps create S AS data  sets

that read an d mod ify data. PR OC step s use SA S data sets

and per form sp ecific action s with the d ata. 

The component of SAS that runs programs is called the

SAS supervisor. It first checks the syntax of a program by

reading a step and checking the step for syntax errors. If

no errors are encountered, the supervisor compiles the

step and runs data through the comp iled code before

moving  on to the next step an d repeating the p rocess.

For exa mple to  print out a list o f hom e mark et sales, a

DATA step would read in the data and a PROC PRINT

would print the list. The log of the program HM SALES

looks like this:

1   *** CREATE HOME MARKET SALES ***;

2

3   DATA HMSALES;

4     INPUT HMMODEL $ 1-2 PRICE QUANTITY PACKING

5                     @11 SALEDATE DATE9.;

6     FORMAT SALEDATE DATE9.;

7     LIST;

8     DATALINES;

RULE:      ----+----1----+----2----+----3----+

9          01 23 7 4 02OCT2002

10         02 17 5 2 01OCT2002

11         03 52 2 8 02OCT2002

12         03 62 5 2 30SEP2002

NOTE: The data set WORK.HMSALES has 4 observations and

      5 variables.

13  RUN;

14

15  /* PRINT HOME MARKET SALES */

16

17  PROC PRINT DATA = HMSALES;

18     TITLE "Home Market Sales Data";

19  RUN;

NOTE: There were 4 observations read from the

      data set WORK.HMSALES.

The outpu t of the run looks like this:

            Home Market Sales Data             1

Obs  HMMODEL PRICE  QUANTITY  PACKING   SALEDATE

 1     01      23       7        4     02OCT2002

 2     02      17       5        2     01OCT2002

 3     03      52       2        8     02OCT2002

 4     03      62       5        2     30SEP2002

In this example, the SAS supervisor reads lines of SAS

code until it sees the key word RUN and knows it is at the

end of a step. Because there are no syntax errors, SAS

compiles the DATA step, the code is executed, and the

data set HMSALES is created. It has four observations

and five variables.

The sup ervisor the n reads ad ditional lines  of code  until it

sees the seco nd RU N statem ent. The P ROC  PRIN T is

written correctly so SAS compiles and executes the

procedure. Finally, the job ends, as there are no more

lines of code to execute.

Kinds of Errors

As already discussed, SAS can produ ce syntax errors

while it com piles a step. Sy ntax erro rs relate direc tly to

the rules that govern how SAS code is written. For

example, all variable names in SAS can be no longer than

32 characters in length and must start with a letter or

undersc ore. Try ing to crea te a variable  7QU ANT ITY w ill

cause a syntax error because the variable begins with the

number seven.

If the submitted step is free of syntax errors, SAS then

executes the step and runs data through it. Depending on

what data is  read,  SAS may generate execution-time

errors. Execution-time errors occur as SAS is running the

step because of the way the code has been written.

Generally speaking the error occurs because of the way

variables are defined  as opposed to  actual data values.
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For example, using the variable REBATE (that has not

been previously defined) in an equation will produce an

uninitialized  variable m essage. Sy ntactically, the re is

nothing wrong with the variable, as it follows the naming

convention of variables. But because it has not been

previously defined, SAS assigns a value of missing to the

variable. If the variable had been explicitly defined, SAS

would not define it as an uninitialized variable.

Another class of errors, that are actually a subset of

executio n-time er rors, is invalid  data errors . Invalid da ta

errors only occur if the data running through the step

causes SAS to produce a execu tion-time error.

For example, if PRICE is used in the calculation of

NETPRICE and the value of PRICE is missing for some

observations, the v alue of NET PRICE  for those

observations will be set to missing. NETPRICE will be

non-missing  for the other observ ations.

All three kinds of errors can prevent your program from

working. To make sure your program is working

properly, review ing the log is very im portant. SAS lo gs,

in addition  to printing  out the sub mitted co de, conta in

three kinds of m essages: errors, notes, and  warnings.

Depending on the kinds of errors SAS finds, it will print

out some co mbination o f the three kinds of m essages.

Reading all of the messages in the log is important, not

just the error messages displayed in red.

Logic e rrors, wh ich can b e hard to d ebug, ar e a fourth

class of errors. Sometimes programs do not produce the

desired results after all syntax and execution-time errors

have been cleaned up. These errors can occur because the

program  was no t designed  properly . It is importan t to

understand the data that will be used by the program and

to account for all possible data values when designing and

writing the  program . 

For example, a program may be written to produce

mailing labels using a membership database. If the

database contain s domestic and  international addresses,

but the program is only written with domestic addresses

in mind, there's a good chance that labels for international

mem bers will no t print prop erly.     

A. Syntax Errors

If SAS detects a syntax error, it usually underlines the

error (or where it thinks the error is), prints a number

below the underline, and prints that number along with a

message at the bottom of the step. The supervisor then

enters syntax che ck mod e. It continues to read statem ents,

check their syntax , and underline a ny additional erro rs.

SAS will run data through additional steps depending on

where th e data is bein g read fro m and  whethe r the step is

a DATA or PROC step.

Missing Semicolons

If in the HM SALES program the semicolon in the DATA

statement is left out, SAS produces the following log

1    *** CREATE HOME MARKET SALES ***;

2

3    DATA HMSALES

NOTE: SCL source line.

4       INPUT HMMODEL $ 1-2 PRICE QUANTITY PACKING

                    -

                    22

                      -

                      200

                      22

                      76

ERROR 22-322: Syntax error, expecting one of the

              following: a name, a quoted

              string, (, /, ;, _DATA_, _LAST_,

              _NULL_.

ERROR 200-322: The symbol is not recognized and

                will be ignored.

ERROR 76-322: Syntax error, statement will be 

              ignored.

5                       @11 SALEDATE DATE9.;

6       FORMAT SALEDATE DATE9.;

7       LIST;

8       DATALINES;

NOTE: The SAS System stopped processing this

      step because of errors.

13   RUN;

14

15   /* PRINT HOME MARKET SALES */

16

17   PROC PRINT DATA = HMSALES;

ERROR: File WORK.HMSALES.DATA does not exist.

18      TITLE "Home Market Sales Data";

19   RUN;

NOTE: The SAS System stopped processing this

      step because of errors.

Without the semicolon SAS reads the INPUT statement as

part of the d ata stateme nt and thin ks that besid es the data

set HM SALE S the step is try ing to crea te the data se ts

INPUT and HM MODEL . The $ is not a valid data set

name in SAS so the supervisor generates an error message

and stops executing the DATA step. The PROC PRINT

executes, but because the data set HMSALES is was not

created in the DATA step, SAS generates an error

message and stops execution of the step.

Forgetting to include a semicolon is a very common

program ming m istake. Rem embe r that all SAS  statemen ts

end in semicolons. Be careful that a colon is not used

instead of a semicolon.
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In the HM SALES program, if the semicolon is left off of

the end of the first comment, SAS would read the DATA

statement as part of the comment and complain that the

input statement (and every other statement in the DATA

step) is not valid or it is used out of order.

1  *** CREATE HOME MARKET SALES ***

2

3  DATA HMSALES;

NOTE: SCL source line.

4     INPUT HMMODEL $ 1-2 PRICE QUANTITY PACKING

      -----

      180

ERROR 180-322: Statement is not valid or it is

               used out of proper order.

5                    @11 SALEDATE DATE9.;

NOTE: SCL source line.

6     FORMAT SALEDATE DATE9.;

      ------

      180

ERROR 180-322: Statement is not valid or it is

               used out of proper order.

NOTE: SCL source line.

7     LIST;

      ----

      180

ERROR 180-322: Statement is not valid or it is

               used out of proper order.

NOTE: SCL source line.

8     DATALINES;

      ---------

      180

ERROR 180-322: Statement is not valid or it is

               used out of proper order.

NOTE: SCL source line.

9    01 23 7 4 02OCT2002

     --

     180

ERROR 180-322: Statement is not valid or it is

               used out of proper order.

10   02 17 5 2 01OCT2002

11   03 52 2 8 02OCT2002

12   03 62 5 2 30SEP2002

13   RUN;

14

15   /* PRINT HOME MARKET SALES */

16

17   PROC PRINT DATA = HMSALES;

ERROR: File WORK.HMSALES.DATA does not exist.

18      TITLE "Home Market Sales Data";

19   RUN;

NOTE: The SAS System stopped processing this

      step because of errors.

The Program Will Not Stop

Besides a SAS comment statement that begins with a *

and ends with a ; there are comments that begin with a

/* and end with a */. If the */ is left off in the HM

SALES program, something strange happens

1  *** CREATE HOME MARKET SALES ***;

2

3  DATA HMSALES;

4     INPUT HMMODEL $ 1-2 PRICE QUANTITY PACKING

5                     @11 SALEDATE DATE9.;

6     FORMAT SALEDATE DATE9.;

7     LIST;

8     DATALINES;

RULE:      ----+----1----+----2----+----3----+    9     

    01 23 7 4 02OCT2002

10         02 17 5 2 01OCT2002

11         03 52 2 8 02OCT2002

12         03 62 5 2 30SEP2002

NOTE: The data set WORK.HMSALES has 4

      observations and 5 variables.

13   RUN;

14

15   /* PRINT HOME MARKET SALES

16

17   PROC PRINT DATA = HMSALES;

18      TITLE "Home Market Sales Data";

19   RUN;

Not only will the PROC  PRINT not run (n o messages are

printed af ter the PR OC P RINT  and no  output is

produ ced) bu t also SAS  continue s to run tho ugh the re is

no more code to compile and execute. The last statement

in a SAS program must be a RUN statement. Because the

RUN  statemen t was read  as part of the  comm ent, SAS  is

patiently w aiting for m ore cod e to run. T o fix this

problem , first subm it

*/ RUN;

This will close the comment and give SAS the RUN

statement i t needs to f inish running the program.

Similarly, if a semicolon is left off the step preceding the

RUN statement, the RU N statement will be treated as part

of the previous statement and the program will not finish.

The solu tion is to sub mit 

; RUN;

Misspelled or Missing Keywords

To illustrate the next syntax error, the HM SALES

program is modified to read an external file.

1   FILENAME MYDATA 'C:\NESUG 2002\HM DATA.SAS';

2

3   *** CREATE HOME MARKET SALES ***;

4

5   DATA HMSALES;

NOTE: SCL source line.

6      UNFILE MYDATA;

       ------

       180

ERROR 180-322: Statement is not valid or it is 

               used out of proper order.

7   INPUT HMMODEL $ 1-2 PRICE QUANTITY PACKING

8                   @11 SALEDATE DATE.;

9   RUN;

ERROR: No CARDS or INFILE statement.

NOTE: The SAS System stopped processing this

      step because of errors.
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WARNING: The data set WORK.HMSALES may be

         incomplete.  When this step was stopped

         there were 0 observations and 5

         variables.

Because the keyword INFILE is misspelled as UNFILE,

SAS does not know how to interpret the statement and an

error is generated. T he INPU T statement req uires a

CAR DS or IN FILE sta tement. A s far as SA S is

concerned, it cannot find either statement, so another

error is generated. Correcting the keyword will fix the

DATA step.

Coding Statements in the Wrong Place

Take a look at  the following program:

1  *** CALCULATE THE AVERAGE TOTAL HM PRICE ***;

2

3  PROC MEANS DATA = HMSALES;

NOTE: SCL source line.

4     TOTALPRICE = QUANTITY * PRICE;

       --------

       180

ERROR 180-322: Statement is not valid or it is

               used out of proper order.

5     VAR TOTALPRICE;

ERROR: Variable TOTALPRICE not found.

6  RUN;

NOTE: The SAS System stopped processing this

      step because of errors.

SAS produces an error in the log because it doesn't like

the assignment statement that calculates TOTALPRICE.

While th e assignm ent statem ent is syntac tically correc t, it

is not allowed in the PROC MEANS. Assignment

statements belong in DATA steps. An improved program

looks like this:

1  *** CALCULATE THE AVERAGE TOTAL HM PRICE ***;

2

3  DATA HMSALES;

4     SET HMSALES;

5     TOTALPRICE = QUANTITY * PRICE;

6  RUN;

NOTE: There were 4 observations read from the

      data set WORK.HMSALES.

NOTE: The data set WORK.HMSALES has 4

      observations and 6 variables.

7

8  PROC MEANS DATA = HMSALES;

9     VAR TOTALPRICE;

10  RUN;

The outpu t looks like this:

                     Home Market Sales Data                   1

The MEANS Procedure

Analysis Variable : TOTALPRICE

N           Mean        Std Dev        Minimum        Maximum

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

4    165.0000000    101.9182679     85.0000000    310.0000000

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

Quickly Checking for Syntax Errors

Because the SAS supervisor compiles and runs SAS

programs one step at a time, a syntax error may not be

found  until the last step  of the pro gram. If  large data se ts

are used to test the program a system option

OPTION OBS = 0;

can be coded at the beginning of the program. This allows

the program to be run in syntax check mode. Every step

will be checked for syntax errors and compiled, but no

data will be processed. This speeds up the debugging

process by eliminating the wait time for data to run

through  the prog ram. 

It is worth mentioning that occasionally, setting the OBS

to zero will cause syntax errors to be generated. For

example, formats can be created using the PROC

FOR MAT  with a C NTL IN = op tion. This o ption tells

SAS to  use the da ta set specified  in the CN TLIN  = to

generate the format. As no data is running through the

program, the input data set has no observations and the

PROC FORM AT fails. This error goes away when the

input data set has ob servations.

B. Execution-Time Errors

When SAS runs data through a compiled step, it can

encounter ex ecution-time erro rs. These kinds of e rrors,

depending on their severity, either generate notes in the

log and allow the program to continue running, or

generate error messages and stop the step execution.

Uninitialized Variables

The following program creates a subset of  1998 Home

Market (H M) Sales:

1   *** KEEP 2002 SALES ***;

2

3   DATA HMSALES;

4      SET HMSALES;

5      IF YEAR(SALEDATEH) = 2002;

6   RUN;

NOTE: Variable SALEDATEH is uninitialized.

NOTE: Missing values were generated as a result

      of performing an operation on missing

      values.

      Each place is given by:

      (Number of times) at (Line):(Column).

      4 at 35:7

NOTE: There were 4 observations read from the
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      data set WORK.HMSALES.

NOTE: The data set WORK.HMSALES has 0

      observations and 7 variables.

and generates the note about SALEDATEH being

uninitialized . The m essage SA S writes to th e log is a no te

as opposed to an error because the variable SALEDATEH

is a legitimate name for a SAS variable. It doesn't know

that the var iable is missp elled. Bec ause SA LED ATE H is

uninitialized , SAS sets its v alue to m issing for all

observa tions. Missin g is never  equal to 2 002 so th e data

set HM SALE S has no  observa tions outp ut to it.

Uninitialize d variable s occur fo r many  reasons. T hings to

look for  are drop ping the v ariable from  the input d ata set,

misspellin g the varia ble nam e, using the  variable b efore it

is created, or  using the w rong da ta set.

Another thing to watch for is accidentally creating an

uninitialized  variable b y assignin g a non -existent va riable

to itself.

For example the following program calculates a net HM

price by a dding a ny pack ing to gro ss unit price. 

1   FILENAME MYDATA 'C:\NESUG 2002\HM DATA.SAS';

2

3    *** CALCULATE THE NET HM PRICE ***;

4

5    DATA HMSALES;

6       INFILE MYDATA;

7       INPUT HMMODEL $ 1-2 PRICE;

8       PACKING = PACKING;

9    RUN;

NOTE: The infile MYDATA is:

      File Name=C:\NESUG 2002\HM DATA.SAS,

      RECFM=V,LRECL=256

NOTE: 4 records were read from the infile

      MYDATA.

      The minimum record length was 19.

      The maximum record length was 19.

NOTE: The data set WORK.HMSALES has 4

      observations and 3 variables.

10

11   DATA HMSALES;

12      SET HMSALES;

13      NETPRICE = PRICE + PACKING;

14   RUN;

NOTE: Missing values were generated as a result

      of performing an operation on missing

      values.

      Each place is given by:

      (Number of times) at (Line):(Column).

      4 at 14:21

NOTE: There were 4 observations read from the

      data set WORK.HMSALES.

NOTE: The data set WORK.HMSALES has 4

      observations and 4 variables.

While PACKING is not in the INPUT statement and

therefore  does no t exist (line 8), n o uninitialize d note is

produced in the first step. It is only when the program

tries to use PACKING in a calculation (line 14), that SAS

produces the uninitialized note.

Missing Values

In the pre vious ex ample, m issing valu es are gen erated in

the DA TA step  that calculate s NET PRIC E. The n ote

immediately following the note that indicates that

“missing values were generated as a result of performing

an operation on missing values” explains how many times

the missing values were generated, at what line they were

generated, and at what column they were generated.

In this exam ple missin g values a re gener ated for all

observations in the data set. This information, coupled

with the uninitialized note, clearly points to the

conclus ion that a v ariable use d in the eq uation is

somehow invalid.

If PACKING had originally been read in, it would not be

uninitialized. If missing values were being generated for

only a su bset of the D ATA  set, a likely ex planation  would

be that there are missing values for PACKING in the

input data  set. 

Having missing values for some sales may be okay, but

the result of u sing missin g values in  an arithm etic

expression is that the result will be set to missing. One of

the rules of  SAS is tha t missing v alues pro pagate

themselves. Every NETPRICE that is calculated using a

missing PA CKIN G will be set to missing . To avoid this,

the SUM  function  can be u sed. It return s the sum  of all if

its non-missing arg uments. It is not recom mended  to use

the SUM  function  unless the c ause of m issing valu es is

known and deemed appropriate. In the calculation of

NET PRIC E exam ple, if the SU M fun ction is used  to

eliminate the missing values note, NETPRICE will be

equal on ly to PRI CE, w hich is not th e desired re sult.

Numeric and Character Conversions

In the following example a U.S. sales data set is created

and an attempt is made to merge the U.S. and HM sales

data sets together.

1  *** CREATE U.S. SALES ***;

2

3  DATA USSALES;

4    INPUT USMODEL GRSUPRU QTYU PACKU SALEDATEU;

5    LIST;

6    CARDS;

RULE:    ----+----1----+----2----+----3----+----4

7        1 26 3 2 20020930

8        2 72 2 7 20021001
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RULE:    ----+----1----+----2----+----3----+----4

9        3 13 6 8 20021001

10       4 0  8 4 20021002

NOTE: The data set WORK.USSALES has 4

      observations and 5 variables.

11  RUN;

12

13  DATA COMBINE1;

14     MERGE USSALES (IN = INUS)

15           HMSALES (IN = INHM

16               RENAME = (HMMODEL = USMODEL));

ERROR: Variable USMODEL has been defined as both

       character and numeric.

17     BY USMODEL;

18     IF INUS AND INHM;

19  RUN;

NOTE: The SAS System stopped processing this

      step because of errors.

WARNING: The data set WORK.COMBINE1 may be

         incomplete.  When this step was stopped

         there were 0 observations and 8

         variables.

SAS generates a syntax error because the BY variable,

USMODEL, has been defined as both character and

numeric. The DA TA steps that create both data sets are

perfectly legitimate. But because the MODELs are of

different ty pes, the m erge will n ot work . To fix this

problem one MODEL’s type needs to be converted. The

first exam ple uses a P UT fun ction to co nvert nu meric

data to character data. The new value is assigned to a

temporary MODEL and the combination of a DROP =

and a RENAME = option in the DATA statement drops

the original numeric USMODEL and renames the

character TEMPCON as a character USMODEL.

1   * CONVERT USMODEL TO A CHARACTER VARIABLE *;

2

3   DATA USSALES2 (DROP = USMODEL

4             RENAME = (TEMPCON = USMODEL));

5      SET USSALES;

6      TEMPCON = PUT(USMODEL, 2.);

7      TEMPCON = '0' || (LEFT(TEMPCON));

8   RUN;

NOTE: There were 4 observations read from the

      data set WORK.USSALES.

NOTE: The data set WORK.USSALES2 has 4

      observations and 5 variables.

9

10   DATA COMBINE2;

11      MERGE USSALES2 (IN = INUS)

12            HMSALES (IN = INHM

13                RENAME = (HMMODEL = USMODEL));

14      BY USMODEL;

15      IF INUS AND INHM;

16   RUN;

NOTE: There were 4 observations read from the

      data set WORK.USSALES2.

NOTE: There were 4 observations read from the

      data set WORK.HMSALES.

NOTE: The data set WORK.COMBINE2 has 4

      observations and 9 variables.

Note that a ‘0’ needs to be added to the value of

USMODEL so that the merge will work properly. Also,

because character data is right justified, the value of

TEMPCO N must be left justified before it is concatenated

to the ‘0’. Otherwise the concatenated value would look

like ‘0 1’ and the third digit ‘1’ would be truncated as

TEMPCON has a length of two.

To convert character data to numeric data, use a PUT

function instead of an INPUT function.

TEMPCON = PUT(HMMODEL, 8.);

The follo wing ex ample illu strates two o ther possib le

causes of values being converted by SAS:

1   FILENAME MYDATA 'C:\NESUG 2002\US DATA.SAS';

2

3   *** CALCULATE THE NET U.S. PRICE ***;

4

5   DATA HMSALES;

6      INFILE MYDATA;

7      INPUT USMODEL $ 1-2 USPRICE;

8      TOTAL = USMODEL + USPRICE;

9      USPRICE = TRIM(USPRICE);

10  RUN;

NOTE: Character values have been converted to

      numeric values at the places given by:

      (Line):(Column).

      86:12   87:14

NOTE: Numeric values have been converted to

      character values at the places given by:

      (Line):(Column).

      87:19

NOTE: The infile MYDATA is:

      File Name=C:\NESUG 2002\US DATA.SAS,

      RECFM=V,LRECL=256

NOTE: 4 records were read from the infile

      MYDATA.

      The minimum record length was 17.

      The maximum record length was 17.

NOTE: The data set WORK.HMSALES has 4

      observations

      and 3 variables.

The va riable US MOD EL is a ch aracter va riable and  is

being used in an arithmetic expression so the value of

USM ODE L is conv erted to a n umeric  value. U SPRIC E is

numeric and the TRIM function is expecting a character

argument so the value of USPRICE if converted to a

character value, trimmed, and converted back to a

numeric value that is assigned to USPRICE.

While S AS will co nvert valu es autom atically, it is

recomm ended that the p rogram ex plicitly convert values.

It is also safer. C onvertin g charac ter data to nu meric d ata

can truncate leadin g zeros from  the data values.

Converting numeric data to character data will not

automatically pad the converted value with a zero.

Autom atic conversion m ay lead to unex pected results.
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C. Invalid Data Errors 

Invalid data errors occur when the raw data SAS is trying

to read in does not match the way SAS is trying to read

the data. In  the follow  examp le, the INP UT statem ent is

trying to re ad in fou r num eric variab le and on e date

variable:

1    *** CREATE HOME MARKET SALES ***;

2

3    DATA HMSALES;

4       INPUT HMMODEL 1-6 PRICE QUANTITY PACKING

5                           @14 SALEDATE DATE9.;

6       FORMAT SALEDATE DATE9.;

7       LIST;

8       DATALINES;

NOTE: Invalid data for HMMODEL in line 9 1-6.

NOTE: Invalid data for PACKING in line 9 11-19.

NOTE: Invalid data for SALEDATE in line 9 14-22.

RULE:      ----+----1----+----2----+----3----+

9          01 23 7 4 02OCT2002

HMMODEL=. PRICE=7 QUANTITY=4 PACKING=. SALEDATE=.

_ERROR_=1 _N_=1

NOTE: The data set WORK.HMSALES has 1

      observations and 5 variables.

10   RUN;

SAS prints the contents of the input buffer in the log

under a line labeled RULE. It also prints out the values

assigned  to the variab les. This info rmation  can be u sed to

determ ine why  the data w as not read  in prope rly. 

In this exam ple, HM MOD EL sho uld hav e been re ad in

using co lumns 1 -2, not co lumns 1 -6. Colu mns 1- 6 contain

the string “01 23 ” which is not a valid number. PRICE

and QUANTITY are read in between columns 7-9,

though because the real value of PRICE is in columns 4-

5, the wrong data values are read in for PRICE and

QUA NTIT Y. By th e time PA CKIN G is read in , SAS is

looking  at the date v alue. The  date valu e is not a valid

numb er. Finally, the  program  tells SAS to r ead in

SALEDATE. The data value really begins at column 11,

so the reading of a partial date value is also invalid.

This example illustrates that it is important to understand

the data used by the program.

Character Field Truncation

Unlike c ompu ter langua ges that req uire the ex plicit

definition of variables at the top of the program, SAS

determ ines the attribu tes of a varia ble by the  context in

which it  is  first used.  This can cause truncation problems

with character va riables.

The follo wing p rogram  creates a va riable CO ST that is

intended to indicate if a PRICE is high:

1   *** CREATE WORD DAY ***;

2

3   DATA HMSALES;

4      SET HMSALES;

5      IF PRICE < 50 THEN

6         COST = 'LOW';

7      ELSE

8      IF PRICE >= 50 THEN

9         COST = 'HIGH';

10   RUN;

NOTE: There were 4 observations read from the

      data set WORK.HMSALES.

NOTE: The data set WORK.HMSALES has 4

      observations and 6 variables.

11

12   PROC PRINT DATA = HMSALES;

13      TITLE "Home Market Sales Cost";

14      VAR PRICE COST;

15   RUN;

NOTE: There were 4 observations read from the

      data set WORK.HMSALES.

The outpu t looks like this:

             Home Market Sales Cost              1

             Obs    PRICE    COST

              1       23     LOW

              2       17     LOW

              3       52     HIG

              4       62     HIG

Note that the value of COST in the output is either

 “LOW  ” or “HIG”. This is because SAS first encounters

the variable COST in the first assignment statement. The

value that is being assigned to COST is character and has

a length of three. Even though the second assignment

statement tries to assign a character value with a length of

four, the attributes of the variable COST have already

been set.

To prevent character values from being truncated, code a

LENGTH or ATTRIB statement at the top of the DATA

step to explicitly define the length of the character

variable. Here are examples of each:

LENGTH COST $ 4;

ATTRIB COST LENGTH = $4;

Illegal Mathematical Operations

Occasionally, certain data values will cause a SAS

program to fail because it has performed an illegal

mathem atical opera tion. The  followin g progr am tries to

determ ine wha t percenta ge of the g ross unit U .S. price is

made up  of packing ex penses:

1  DATA USSALES;

2    SET USSALES;
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3    PERCNT = (GRSUPRU - PACKU) / GRSUPRU * 100; 4  

RUN;

NOTE: Division by zero detected at line 3 column

      30.

USMODEL=4 GRSUPRU=0 QTYU=8 PACKU=4 SALEDATEU=20021002

PERCNT=. _ERROR_=1 _N_=4

NOTE: Missing values were generated as a result

      of performing an operation on missing

      values.

      Each place is given by:

      (Number of times) at (Line):(Column).

      1 at 3:40

NOTE: Mathematical operations could not be

      performed at the following places. The

      results of the operations have been set to

      missing values.

      Each place is given by:

      (Number of times) at (Line):(Column).

      1 at 3:30

NOTE: There were 4 observations read from the

      data set WORK.USSALES.

NOTE: The data set WORK.USSALES has 4

      observations and 6 variables.

SAS g enerates an  error bec ause GR SUPR U is equa l to

zero in the fourth sale. An easy way to revise the

program, assuming that zero is a valid value for

GRSUP RUs, is to check the value of GRS UPRU b efore

calculating PERCENT.

1 DATA USSALES;

2    SET USSALES;

3    IF GRSUPRU = 0 THEN

4       PERCNT = 0;

5    ELSE

6    PERCNT = (GRSUPRU - PACKU) / GRSUPRU * 100;

7 RUN;

NOTE: There were 4 observations read from the

      data set WORK.USSALES.

NOTE: The data set WORK.USSALES has 4

      observations and 6 variables.

If SAS generates an error indicating it has performed an

illegal mathematical operation, then verify that the values

causing the illegal mathematical operation are valid. If the

data is valid, a dd con dition pro cessing to c ondition ally

perform the operation. If the data is invalid, correct the

data.

By Group Processing

If data has been sorted by a certain key variable,

subsequent processing can take advantage of the fact that

data is orga nized in u nique g rouping s. For exam ple it

allows two datasets to be merged together by the sorted

variable. The following program tries to print out HM

sales by SALEDATE.

1   PROC PRINT DATA = HMSALES;

2      BY SALEDATE;

3      TITLE "HM Sales by Sale Date";

4   RUN;

ERROR: Data set WORK.HMSALES is not sorted in

       ascending sequence. The current by-group

       has SALEDATE = 02OCT2002 and the next by-

       group has SALEDATE = 30SEP2002.

NOTE: The SAS System stopped processing this

      step because of errors.

NOTE: There were 2 observations read from the

      data set WORK.HMSALES.

SAS cannot print out the data because it has not

previously been sorted by sale date. The solution is to sort

the data set b efore prin ting it.

1   PROC SORT DATA = HMSALES OUT = HMSALES;

2      BY SALEDATE;

3   RUN;

NOTE: There were 4 observations read from the

      data set WORK.HMSALES.

NOTE: The data set WORK.HMSALES has 4

      observations and 5 variables.

4

5   PROC PRINT DATA = HMSALES;

6      BY SALEDATE;

7      TITLE "HM Sales by Sale Date";

8   RUN;

NOTE: There were 4 observations read from the

      data set WORK.HMSALES.

The outpu t look like this:

             HM Sales by Sale Date             1

------------- SALEDATE=30SEP2002 ---------------

  Obs    HMMODEL    PRICE    QUANTITY    PACKING

   1       02         17         5          2

------------- SALEDATE=01OCT2002 ---------------

  Obs    HMMODEL    PRICE    QUANTITY    PACKING

   2       03         52         2          8

------------- SALEDATE=02OCT2002 ---------------

  Obs    HMMODEL    PRICE    QUANTITY    PACKING

   3       01         23         7          4

   4       03         62         5          2

Many  people a ssume th at the data m ust be exp licitly

sorted by SAS to take advantage of BY processing. If the

data is read in already sorted, BY processing will work

withou t needing  to sort the da ta. It's safer to sort th e data

though as it  is  not  always possible to know ahead of time

if the data is already sorted as it is being read in.

* * * * * * * * * 
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D. Logic Errors

Sometimes after all syntax errors have been cleaned up

and no warnings or notes indicate there is anything wrong

with the p rogram , the results of th e progra m are still

wrong. For example, the following program is designed

to add home market sales information to each observation

in the U.S . sales data set:

1  DATA MATCH;

2     MERGE USSALES2 HMSALES

3           (RENAME = HMMODEL = USMODEL);

4     BY USMODEL;

5  RUN;

NOTE: There were 4 observations read from the

      data set WORK.USSALES2.

NOTE: There were 4 observations read from the

      data set WORK.HMSALES.

NOTE: The data set WORK.MATCH has 5 observations

      and 9 variables.

6

7  PROC PRINT DATA = MATCH;

8     TITLE "U.S. AND HOME MARKET SALES";

9  RUN;

NOTE: There were 5 observations read from the

      data set WORK.MATCH.

NOTE: PROCEDURE PRINT used:

      real time           0.01 seconds

      cpu time            0.01 seconds

Everything looks fine at a quick glance. No errors or

warning are generated. But while there are four U.S. sales

and four HM sales, there are five MATCH sales. The

program is not producing the desired results. Take a look

at the outp ut:

          U.S. AND HOME MARKET SALES           1

  S               

                 A             Q               S

    G            L     U       U    P          A

    R            E     S       A    A          L

    S     P      D     M    P  N    C          E

    U  Q  A      A     O    R  T    K          D

O   P  T  C      T     D    I  I    I          A

b   R  Y  K      E     E    C  T    N          T

s   U  U  U      U     L    E  Y    G          E

1  26  3  2  20020930  01  23  7  4    02OCT2002

2  72  2  7  20021001  02  17  5  2    01OCT2002

3  13  6  8  20021002  03  52  2  8    02OCT2002

4  13  6  8  20021002  03  62  5  2    30SEP2002

5   0  8  4  20021002  04  .   .  .            .

There are four U.S. sales input into the DATA step and

five comb ined observa tions being outp ut. This is because

there are two HM sales with a HMMODEL of ‘03’. SAS

merge s the U.S. sa le with a U SMO DEL  of ‘03’ to  both

HM sales, du plicating the U.S. sale in the p rocess. Also

there is a U.S. sale with a USMODEL of  ‘04’ but no

corresponding HM sale.

To rectify this problem, sorting the HM data set with a

NODUPKEY  option before the merge could eliminate the

duplicate values in the HM data set.  Also, conditional

logic could be a dded to the co de to only select those

merged observations that have data from both input

datasets. 

It is worth noting the way SAS merges data sets that have

repeats of BY variables. If in the above example,

USSALES2 had two observations with a value of '03' for

USMODEL (‘03’  replaces ‘04’ in the fourth sale), the log

would loo k like this:

1  DATA MATCH;

2     MERGE USSALES2 HMSALES

3           (RENAME = HMMODEL = USMODEL);

4     BY USMODEL;

5  RUN;

NOTE: MERGE statement has more than one data set 

      with repeats of BY values.

NOTE: There were 4 observations read from the

      data set WORK.USSALES2.

NOTE: There were 4 observations read from the

      data set WORK.HMSALES.

NOTE: The data set WORK.MATCH has 4 observations

      and 9 variables.

This time the same number of U.S. sales going into the

merge come out of the merge so no U.S. sales are being

duplicated. The note, “MERGE  statement has more than

one data set with repeats of BY values” is a clue that the

two datasets did not merge properly.

Take a lo ok at the o utput:

          U.S. AND HOME MARKET SALES           1

                 S                              

                 A             Q               S

    G            L     U       U    P          A

    R            E     S       A    A          L

    S     P      D     M    P  N    C          E

    U  Q  A      A     O    R  T    K          D

O   P  T  C      T     D    I  I    I          A

b   R  Y  K      E     E    C  T    N          T

s   U  U  U      U     L    E  Y    G          E

1  26  3  2  20020930  01  23  7  4    02OCT2002

2  72  2  7  20021001  02  17  5  2    01OCT2002

3  13  6  8  20021002  03  52  2  8    02OCT2002

4   0  8  4  20021002  03  62  5  2    30SEP2002

The third U.S. sale with a USMOD EL of ‘03’ is matched

with the th ird HM  sales with the  same v alue. The  same is

true for the fourth U.S. and HM sales. In this hypothetical

example, one HM sale should be matched to each U.S.

sale with the same MODEL. But because there are two

HM mod els with the same MOD EL, the two U.S. sales

with that same MODEL get matched to different HM

sales. Eliminate duplicate HM sales to fix this problem.
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Diagnosing Logic Errors

There are seve ral techniques for d iagnosing logic e rrors.

The best technique is to prevent them from happening.

The key to preventing logic errors is understanding the

requirements of the program (what it is supposed to do)

and knowing what the data looks like. In the above

exam ple, the pro gram is su pposed  to add H M sales to

U.S. sales. Instead it joins both kinds of information

together, duplicating  one of the U .S. sales in the process.

The incorrect assumption made while writing the program

is that there is only one sale for each MODEL in each

market. An examination of the data would reveal that

repeats of MODE Ls can occur.

The data can be examined by printing out the data set or

printing out a subset of the data. The Libraries Window

can be used to view the data in a spreadsheet view. The

SAS Data Set Viewer, a utility that can be downloaded

from the SAS Institute (www.sas.com) also allows for

viewing of data in a spreadsheet view.

Once a program is written and checked for errors, if the

desired re sults are no t achieved , the tools can  help

diagnose why the program is not working properly.

PROC PRINTS can be added after every step to show

how the data is changing step by step. To examine how

data chan ges within  a step, PU T statem ents can b e used to

print out the value of variables as they are being

processe d. The D ATA  step debu gger can  also be use d to

execute a DATA step one statement at a time and to print

out variable values after each statement is executed.

Resources for Further Study

SAS System Help and SAS OnlineDOC ,  both included

with the SAS software, provide a wealth of information as

does the Technical Support area of the SAS Institute web

site. The SAS-L list serve is a forum for asking questions

and discussing S AS prob lems.

Conclusion

To deb ug prog rams suc cessfully it is im portant to

understand how SAS runs programs. SAS first checks a 

step for syntax errors. If there are no syntax errors, SAS

compiles the step and runs data through it. Depending on

the way the step is written and what data is read into the

step, execution-time errors or data errors may be

generated. Logic errors can also produce undesired

results.

It is importa nt to kno w wh at the prog ram is tryin g to

achieve and to understand the data the program is using.

Reading th e log for all three kinds o f messages: errors,

notes, and  warnin gs is crucial to  confirm ing that a

program is working properly. Do not rely on the output

alone, an d do no t assume  that the pro gram ra n correc tly

just because there are no error messages in the log.

While the task of debugging a program may be difficult at

first, the task gets easier with a little practice.

Unde rstanding  why an  error has o ccurred  will not on ly

help prevent it from happening again in the future, but

will also help  provide  insight as to h ow SA S work s. This

can help one  write better program s with fewer bu gs.

SAS® and all other SAS Institute Inc. product or service

names are registered trademarks or trademarks of SAS

Institute Inc. in  the USA  and oth er coun tries. ® indicates

USA registration.
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