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ABSTRACT

PROC COMPARE is a valuable BASE SAS® procedure which is used heavily in the Pharma industry and
other areas. By default, the capability of PROC COMPARE is to reconcile two data sets to determine if
they have equivalent sets of records and sets of variables. In the clinical field and elsewhere, PROC
COMPARE is often used to validate data sets in projects which involve parallel programming, where
programmers independently perform the same tasks. In this paper, | will discuss the role PROC
COMPARE plays in different SAS tasks, including DATA STEP merges, parallel programming, generation
data sets, and more.

INTRODUCTION

PROC COMPARE has extensive capabilities that can be effectively utilized for the purposes of data
validation and data quality. In its simplest usage, PROC COMPARE compares two SAS data sets which
are defined as the BASE data set and the COMPARE data set. By default, PROC COMPARE compares
data set attributes, variables, variable attributes, observations, and data values. PROC COMPARE
generates multiple sections of output with a different section of output corresponding to a specific type
of comparison. Data set attributes include the number of variables and number of observations in the
data set and the date and time when the SAS data set was created and modified. Variable attributes
include variable type (numeric vs. character), format, informat, length and label.

SAS DATA SETS USED IN PAPER EXAMPLES

For the first few examples in this paper which illustrate the features of PROC COMPARE, SAS data sets
are used from the SASHELP library in SAS Studio. Two specific SAS datasets, SASHELP.PRDSAL?2 and
SASHELP.PRDSALS3 are used for the examples. The data sets contain actual and predicted sales figures
for different types of furniture as well as other demographic and date/time variables.

PROC COMPARE BASICS

PROC COMPARE is limited to comparing two SAS data sets at a time. These two data sets are known as
the BASE data set and the COMPARE data set. With the basic syntax, PROC COMPARE compares all the
variables contained in both data sets. The basic syntax for PROC COMPARE is provided in Figure 1.

PROC COMPARE BASE=SAS-data-set COMPARE=SAS-data-set <options>;
RUN;

Figure 1. PROC COMPARE basic syntax



How does PROC COMPARE actually execute a comparison? That is, what are the mechanics of PROC
COMPARE. It compares observations by position. Position in a SAS data set is defined by observation
number. It compares observations which have matching observation numbers.

The following set of diagrams and figures illustrate the mechanics of the process SAS uses under the

hood to compare data sets using PROC COMPARE.

SAS reads the first observation from the BASE data set and compares that with the first observation

from the COMPARE data set.

Base
[cbs COUNTRY STATE COUNTY AGTUAL PREDICT PRODTYPE PRODUCT YEAR QUARTER MONTH MONYR
mh | 1usA  Caifom SB6795 66226 FURNITURE SOFA 1885 1 kn o JANSS
2USA  Caifornia §170208 $560.49 FURNITURE SOFA 1965 1 Feb FEBSS
IUSA  Caifomia 53261 $16.32 FURNITURE SOFA | 1856 1 M MARSS

Compare
Obs COUNTRY STATE COUMTY ACTUAL PREDICY PRODTYPE PRODBUCT VEAR QUARTER MONTH DATE
m) 1UsA  Caroma $7T2600 60800 FURNITURE SCFA 1997 1 Jan JANST
2 USA Caldomia $1, 3100 341800 PURNITURE SGFA 1887 i Fab FEBST
3 USA  Calomia $2400  §1200 FURNITURE SCFA 1997 1 Mar MARST

It moves down to the second observation from the BASE data set and reads and compares that with the

second observation from the COMPARE data set.

Base
Obs GOUNTRY STATE GOUNTY AGTUAL PREDICT PRODTYPE PRODUCT YEAR QUARTER MONTH MONYR
1USA  Caifomis $07.3  $69224 FURNITURE SOFA 1905 1 n saNes
) | 2USA  Csibmi §$178286  $568.48 FURNITURE SOFA 1885 1 Fer FERS
3 USA Calllomia 33284 $1632 FURNITURE SOFA 1595 1 Mar  MARSS

Compare
Obs COUNTRY STATE COUNTY ACTUAL PREDICT PRODTYPE PRODUCT YEAR QUARTER MONTH DAT!I
1USA Caifornia $72600 $506.00 FURNITURE SOFA 1937 1 Jan  JANST
. 2UCA Csifeernis $1,311.00  £41800 FURNITURE SOFA 1997 1 Fab FEBOT
I VA Caifernia §2400  §1200 FURNTURE $S0OFA 107 1 ar MARST

Proceeding sequentially, it reads the third observation from the BASE data set and compares that with

the third observation from the COMPARE data set.

Base

Obs COUNTRY STATE COUNTY ACTUAL PREDICT PRODTYPE PRODUCT YEAR QUARTER MONTH MONYR
$987.35  $68224 FURNITURE SOFA

1 USA  Caiformia 1965 1 Jdn SANGS
2 USA  Caifornia $178266  $560.48 FURNITURE SOFA 1965 1 Feb FEBSS
B 3usa  ceims 53264  $1632 FURNITURE SOFA 1985 ! Mar MARSS

Compare
Obs COUNTRY STATE COUNTY ACTUAL PREDICT PRODTYPE PRODUCT YEAR QUARTER MONTH DATE
1 USA Calkomnia $72500 $50300 FURNITURE SOFA 1997 1 Jan  JANST
2UsA Cakornia $1.311.00  $41800 FURNITURE SOFA 1997 1 Fob FESST|
- 3 USA Calbfornia $2400 $1200 FURNITURE SOFA 1997 1 Mar ’Mﬁwi

This process continues moving sequentially from observation to observation until all matching
observations have been read and compared from both data sets.



COMPARING VARIABLES IN DIFFERENT DATA SETS

The first example is the most basic example of PROC COMPARE and demonstrates its usage in
comparing the data and attributes of two distinct SAS data sets. By default, PROC COMPARE will
produce output comparing all the variables in both data sets, and comparing all the observations in
both data sets. The SAS code for example 1 is provided below.

Proc Compare Base=SASHELP.PRDSAL2 Compare=SASHELP.PRDSAL3;
Run;

As shown in the code, the SAS data sets SASHELP.PRDSAL2 and SASHELP.PRDSAL3 were compared, with
the PRDSAL?2 as the BASE data set and PRDSAL3 as the COMPARE data set.

In this basic example, PROC COMPARE will produce multiple sections of output, which is the action it
performs by default. These sections include the data set summary, observations summary, values
comparison summary, variables with unequal values, and values comparison results for variables.

THE DATA SET SUMMARY

The first section of output is the data set summary. In the data set summary, the number of
variables, number of observations, and the data set labels are compared. Also, in this section is the
variables summary. The variables summary provides the number of variables the data sets have in
common, as well as the number of variables which are unique to one data set or the other.

The COMPARE Procedure
Comparison of SASHELP.PRDSAL2 with SASHELP.PRDSAL3
(Method=EXACT)

Data Set Summary

Dataset Created Modified NVar NObs Label
SASHELP.PRDSAL2 05AUG20:21:05:49 05AUG20:21:05:49 11 23040 Furniture sales data
SASHELP.PRDSAL3 05AUG20:21:05:48 05AUG20:21:05:48 11 11520 Furniture sales data

Variables Summary

Number of Variables in Common: 10.
Number of Variables in SASHELP.PRDSAL2 but not in SASHELP.PRDSAL3: 1.
Number of Variables in SASHELP.PRDSAL3 but not in SASHELP.PRDSAL2: 1.

Figure 2. Data Set Summary

As you can see in Figure 2, the data set summary shows that both data sets contain 11 variables.
However, PRDSAL2 has a larger number of observations than PRDSAL3; 23040 to 11520, respectively.
This is a substantial difference in observations. The other information in the data set summary, date
created, data modified, and data set label are the same for both data sets.

The variables summary shows that the data sets had 10 variables in common. Therefore, each data set
had a single variable exclusive to that data set. Thus, there’s one variable on PRDSAL2 not found on
PRDSALS3. Likewise, there’s one variable on PRDSAL3, which was not found on PRDSAL2.
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THE OBSERVATION SUMMARY

The next section of output is the Observation Summary. The observation summary contains the results
from comparing the observations, including how many observations the data sets had in common, and
how many observations were found on one data set, but not the other, and vice versa. PRDSAL2
contains exactly twice the number of observations as PRDSAL3.

Observation Summary
Observation Base Compare

First Obs 1 1
First Unequal 1 1

Last Unequal 11520 11520

Last Match 11520 11520

Last Obs 23040 é
Number of Observations in Common: 11520.

Number of Observations in SASHELP.PRDSAL2 but not in SASHELP.PRDSAL3: 11520.
Total Number of Observations Read from SASHELP.PRDSAL2: 23040.
Total Number of Observations Read from SASHELP.PRDSAL3: 11520.

Number of Observations with Some Compared Variables Unequal: 11520.
Number of Observations with All Compared Variables Equal: 0.

Values Comparison Summary

Number of Variables Compared with All Observations Equal: 1.
Number of Variables Compared with Some Observations Unequal: 9.
Number of Variables with Missing Value Differences: 1.

Total Number of Values which Compare Unequal: 73727.

Maximum Difference: 3450.6.

Figure 3. Observation Summary

It’s interesting to point out the number of observations in common does not mean that the variable
values for those observations were found equal. It just means that the data sets contained the same set
of numbered observations. Although this is different from the total number of observations.

As shown in Figure 3, the observation summary indicates that 11520 observations were found in both
data sets, and that the 11520 observations (the same number) were found in PRDSAL2, but not in
PRDSAL3. It then provides the number of observations which were read from both data sets.

The observation summary also includes the number of observations where some variables were
unequal, as well as the number of observations where all variables were equal. 11520 observations had
some variables which were unequal, which is the result of comparing variable values for those
observations. Similarly, no observations had all compared variables equal.

For PRDSAL2, the first 11520 observations all contained some variable values which were not equal to
the variables in the 11520 observations in PRDSAL3. The last 11520 observations in PRDSAL2 could not
be compared to observations in PRDSAL3, because they didn’t exist in that SAS data set.



Below the observation summary is a values comparison summary which provides the number of
variables with all observations equal, some observations unequal, missing value differences, and other
statistics.

VARIABLES WITH UNEQUAL VALUES

The section of the output provides information on each variable on the data sets which have unequal
values. For each variable, PROC COMPARE provides the NDIF — the number of records which have
differences, MAXDIF, the maximum difference between variable values, and MISSDIF, the number of
records which have differences which are due to missing values.

The COMPARE Procedure
Comparison of SASHELP.PRDSAL2 with SASHELP.PRDSAL3
(Method=EXACT)

Variables with Unequal Values

Variable Type Len Label Ndif  MaxDif MissDif
COUNTRY CHAR 10  Country 4608 0
STATE CHAR 22  State/Province 9792 0
COUNTY CHAR 20 County 7488 6336
ACTUAL NUM 8 Actual Sales 11520 3417 0
PREDICT  NUM 8 Predicted Sales 11519 3451 0
PRODTYPE CHAR 10  Product Type 5760 0
PRODUCT CHAR 10  Product 8640 0
YEAR NUM 8 Year 8640 3.000 0
MONTH NUM 8  Month 5760 365 0

Figure 4. Variables with Unequal Values

Figure 4 shows that the numeric variables ACTUAL and PREDICT have the largest number of records
with differences, at 11520 and 11519 respectively.

Only 4 variables display the maximum difference. The 4 variables are numeric variables, because this
measure isn’t applicable to character variables.

The variable PREDICT has the largest maximum difference at 3451. COUNTY has the highest number of
records with differences due to missing values. There are 6336 records in COUNTY which have
differences due to missing values.

VALUES COMPARISON RESULTS

The values comparison results for variables section of output is a detailed report listing records with
discrepant data values for specific variables.



Value Comparison Results for Variables
|| Clean STATENAME for geocoding
|| Base Value Compare Value
Obs || StateNamet STATENAME2
|l + +
[
1 || NEW YORK NEWYORK
2 || NEW YORK NEWYORK
3 || PUERTO RICO PUERTORICO
4 || PUERTO RICO PUERTORICO
5 || PUERTO RICO PUERTORICO
6 || PUERTO RICO PUERTORICO
7 || PUERTO RICO PUERTORICO
8 || PUERTO RICO PUERTORICO
9 || PUERTO RICO PUERTORICO
10 || PUERTO RICO PUERTORICO
11 || PUERTO RICO PUERTORICO
12 || PUERTO RICO PUERTORICO
13 || PUERTO RICO PUERTORICO
14 || PUERTO RICO PUERTORICO
15 || PUERTO RICO PUERTORICO
16 || PUERTO RICO PUERTORICO
17 || PUERTO RICO PUERTORICO
18 || PUERTO RICO PUERTORICO
19 || PUERTO RICO PUERTORICO
20 || PUERTO RICO PUERTORICO
21 || PUERTO RICO PUERTORICO
22 || PUERTO RICO PUERTORICO

Figure 5. Value Comparison Results for Variables

In Figure 5 above, is the value comparison results section comparing the variables STATENAME1
and STATENAME?2. This section of the output displays records in the data sets where data values for
STATENAME1 and STATENAME?2 are not equal.

As shown in Figure 5, the records which had differences were cases where the state name was two
words, and STATENAME1 had an embedded space between words in the data value, whereas
STATENAME2 concatenated the two words without a space.

COMPARING SPECIFIC VARIABLES IN DATA SETS

The BASE and COMPARE data sets are usually different SAS data sets which need to be reconciled with
one another. However, instead of two data sets, PROC COMPARE can compare multiple variables within
a single SAS data set. For the first example, we’ll compare two different SAS data sets, PRDSAL2 and
PRDSAL3.

PROC COMPARE gives you the ability to limit the variables in your comparison and thus specify
individual variables in the data sets which you want to compare. This is often a useful feature of PROC
COMPARE since if a data set contains many variables the PROC COMPARE output from a comparison of
the data set will be of a very large volume.

The variables which you select can be in different data sets, or within the same data set. To specify the
variables to compare, you use the VAR and WITH statements. When the variables are in different data
sets, the VAR statement specifies the variable from the BASE data set, and the WITH statement the

6



variable from the COMPARE data set. However, if the variables are both in the same data set, then both
statements specify variables from the BASE data set.

VARIABLES IN DIFFERENT DATA SETS

There are several reasons why as a programmer you’d want to compare individual variables contained
in separate data sets. It might be the case that you need to merge the data sets and the variables which
you compare are BY variables which are used to join the data sets. It also might be the case that you
have multiple versions of the same SAS data set, and you need to reconcile the data sets with one
another. Some of the specific cases will be explored in later sections of the paper.

In the first example, we're working with SAS data sets containing health care claims. The two data sets
are HLTHDAT.ip2010claim, a header claim file, and HLTHDAT.ip2010line, a detail claim file. We're
interested in comparing the claim identifier variable, CLM_ID, located on both data sets. The SAS code
is presented below.

Proc Compare Base = HLTHDAT.ip2010claim Compare=HLTHDAT.ip201@0line;
Var CLM_ID;
With CLM_ID;

Run;

VARIABLES WITHIN THE SAME DATA SET

When you need to compare specific variables contained within the same data set, you can use some of
the same syntax as the separate data sets example. Since there’s only one data set, you only use the
BASE= to specify the data set, as there is no COMPARE= data set. You use the VAR and the WITH
statements to reference the variables you’re comparing.

In this example, we’re working with the SAS data set, ZIPCODE. ZIPCODE contains multiple variables
which record geographic information such as state. Specifically, there are 2 variables which contain this
information, STATENAME1 and STATENAME?2. These variables have been specified in the VAR and WITH
statements, respectively.

The SAS code is presented below.

Proc Compare Base=ZIPCODE;
Var StateNamel;
With StateName2;

Run;

For this example, the SAS Output has not been included because the volume of output is on a large
scale. There are PROC COMPARE options which provide the ability to control the amount of output
produced, through limiting the number of observations and other ways.



PROC COMPARE OPTIONS

The output produced from PROC COMPARE and what’s contained in the output can be modified using
options on the PROC COMPARE statement. A complete list of PROC COMPARE statement options and
their descriptions are provided in Figure 6 below.

LISTCOMPOBS
LISTCOMPVAR

METHOD=ABSOLUTE | EXACT |
PERCENT | RELATIVE<(8)>
OUT=SAS-data-set

OUTSTATS=SAS-data-set

Option Description

ALLOBS includes the values for all matching cbservaticns.

ALLSTATS prints a table of summary statistics for all pairs of matching variables.

ALLVARS includes in the report the values and diferences for all matching variables.

BRIEFSUMMARY prints only a short comparison summary.

MAXPRINT = restricts the number cf differences to be printed.

NOSUMMARY suppresses the data set, variable, observation, and values comparison summary reports.

NOVALUES suppresses the report of the value comparison results.

PRINTALL invckes the follawing options: ALLVARS, ALLOBS, ALLSTATS, LISTALL, and WARNING.

STATS prints a table of summary statistics fcr all pairs of matching numeric variables that are judged unequal.
TRANSPOSE prints the reporis of value differences by observation instead of by variable.

LISTALL lists all variables and observations that are ‘ound in only one data set.

LISTBASE lists all observations and variables that are ‘ound in the base data set but not in the compariscn data set.
LISTBASEOBS lists all observations that are found in the base data set but not in the comparison data set.
LISTBASEVAR lists all variakles that are found in the base data set but not in the comparison data set.

LISTCOMP lists all observations and variables that are ‘ound in the comparison data set but not in the base data set.

lists all observations that are found in the compariscn data set but not in the base data set.
lists all variakles that are found in the comparison data set but not in the base data set.

LISTEQUALVAR prints a list of variables whose values are judged equal at all observations in addition o the default list of variables whose values are judged unequal.
LISTOBS lists all observations that are found in only one data set.
LISTVAR lists all variables that are found in only cne data set.

specifies the method for judging the equality of numeric values.
names the output data set which contains differences between matching variakles.

OUTALL virites an observation for each observation in the BASE= and COMPARE= data sets.

OUTBASE virites an observation to the output data set for each observation in the base data set, creating observations in which _TYPE_=BASE.
OUTCOMP virites an observation to the output data set for each observation in the comparison data set, creating observations in which _TYPE_=COMP.
OUTDIF writes an observation to the output data set for each pair of matching observations.

OUTNOEQUAL suppresses the writing of an observation to the output data set when all values in the observation are judged equal.

OUTPERCENT vrrites an observation to the output data set for each pair of matching observations.

wirites summary statistics for all pairs of matching variables to the specified SAS-data-set .

Figure 6. PROC COMPARE options

OPTIONS WHICH RESTRICT THE OUTPUT

PROC COMPARE output can be quite lengthy especially if there are a large number of value differences
found in specific variables. There are specific options for limiting and controlling the sections of output

that are produced.

NOSUMMARY Option

The NOSUMMARY option suppresses the display of all summary reports and sections. This includes the

dataset, variable, observation, and values comparison summary reports.

Proc Compare Base=SASHELP.PRDSAL2 Compare=SASHELP.PRDSAL3 NOSUMMARY;

Run;

With the summary sections of output suppressed, what appears in the SAS output are detail reports, such
as the values comparison results section, and other details which normally appear in summary sections.



BRIEFSUMMARY Option

The BRIEFSUMMARY option produces a report with a condensed summary. However, it also suppresses
the display of all default summary reports and sections. The detail sections, such as the values
comparison results section will still appear in the output. In some situations, it may be worthwhile to
use the BRIEFSUMMARY option, instead of the NOSUMMARY option.

Proc Compare Base=SASHELP.PRDSAL2 Compare=SASHELP.PRDSAL3 BRIEFSUMMARY;
Run;

NOVALUES Option

The NOVALUES option suppresses the values comparison results section. This option is quite handy
because the values comparison results is a detailed record-by-record comparison of variable values
found to be unequal. It can be very long, depending on the number of differences found.

Proc Compare Base=SASHELP.PRDSAL2 Compare = SASHELP.PRDSAL3 NOVALUES;
Run;

MAXPRINT Option

Instead of suppressing the entire section, you might choose to limit the number of differences to be
printed. The MAXPRINT= option allows you to limit the number of differences to a reasonable level.

Proc Compare Base=PRDSAL2 Compare=PRDSAL3 MAXPRINT=25;
Run;

Either way, | recommend using the NOVALUES option to suppress the values comparison results section
or the MAXPRINT option to limit the volume of SAS output produced.

OPTIONS TO SHOW DIFFERENCES IN THE BASE OR COMPARISON DATA SET

With PROC COMPARE output, you might want to include in the output only the variables, and
observations found in one data set or the other. There are options which will output variables and
observations found in the BASE data set, not the COMPARE data set. Conversely, there are options
which will output the opposite.

OPTIONS WHICH RESTRICT OBSERVATIONS AND VARIABLES DISPLAYED

OPTION OUTPUT

LISTBASE VARIABLES AND OBSERVATIONS FOUND ONLY IN THE BASE DATA SET
LISTBASEVARS VARIABLES FOUND IN THE BASE DATA SET ONLY

LISTBASEOBS OBSERVATIONS FOUND IN THE BASE DATA SET ONLY

LISTCOMP VARIABLES AND OBSERVATIONS FOUND ONLY IN THE COMPARE DATA SET
LISTCOMPVARS VARIABLES IN THE COMPARE DATA SET ONLY
LISTCOMPOBS = OBSERVATIONS IN THE COMPARE DATA SET ONLY

Figure 7. PROC COMPARE Options which limit observations and variables
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In Figure 7 above are the PROC COMPARE options which limit the output to specific elements of either
the BASE or COMPARE data set.

To subset the output to include observations and variables in the BASE data set only, use the LISTBASE
option. More specifically, you can focus on observations only using the LISTBASEOBS option, and
variables only using the LISTBASEVARS option. These options include observations and variables
specific to the BASE data set.

To include observations and variables in the COMPARE data set only use the LISTCOMP option.
You can choose observations unique to the COMPARE data set using the LISTCOMPOBS option, and
variables unique to that same data set using the LISTCOMPVAR option.

APPLICATIONS OF PROC COMPARE

PARALLEL PROGRAMMING

Parallel programming is a type of project structure where a project is given to 2 programmers who
work independently and write code from scratch to produce SAS output or a final data set from
specifications. Also called double-independent programming, it’s used often in clinical trials
programming and in observational research as a validation method.

Since a particular project is normally given to a single programmer, by having 2 programmers work on
the project, parallel programming provides another level of validation, which is one of the advantages
of this structure. However, since the time and efforts of 2 programmers are utilized, one of the
drawbacks of parallel programming is inefficiency and overuse of resources.

In parallel programming projects, PROC COMPARE plays a vital role in determining the status of the
project outcomes and results. That is, whether the SAS output and data sets match or contain
discrepancies.

104 Proc Compare Base=Prdsal2a Compare=Prdsal2b;
105 Run;

NOTE: There were 23040 observations read from the data set WORK.PRDSAL2A.
NOTE: There were 23040 observations read from the data set WORK.PRDSAL2B.
NOTE: PROCEDURE COMPARE used (Total process time):

real time 0.10 seconds
user cpu time 0.10 seconds
system cpu time 0.01 seconds
memory 5542.59k
0S Memory 35760.00k

Figure 8. PROC COMPARE excerpt from the SAS Log.

In Figure 8 we have 2 versions of the PRDSAL SAS data set; PRDSAL2A, and PRDSAL2B. which
hypothetically were produced by 2 programmers separately.
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Consequently, PROC COMPARE was run to compare these 2 data sets, and the SAS code and log
messages were copied from the SAS log. In most parallel programming projects, the data sets need to
match in all aspects of the data set; variables, observations, data values, and variable attributes.
Variable attributes include variable length, type, format, informat, and label.

If there are any discrepancies found between the data sets, the SAS code of the programmers must be
reviewed and debugged to locate the source of the discrepancy. PROC COMPARE is run again to assess
status, and so on. This iterative process is performed over and over again until the data sets match.

In the PROC COMPARE output, specific types of discrepancies point to different sources of error, and
different SAS processes.

For instance, discrepancies in number of observations align with data sets merged incorrectly in a DATA
STEP Merge or PROC SQL JOIN. Consequently, the problem could stem from a sub-setting issue with the
data in a WHERE or IF statement.

Variable discrepancies might mean a variable was omitted through a KEEP or DROP statement in one of
the data sets. Value discrepancies indicate that a variable was derived or re-coded incorrectly, and the
source is a bunch of IF-THEN statements. Perhaps the ELSE Keyword was left off an IF-THEN block.

In Figure 9 below, is the PROC COMPARE output from the SAS code provided in Figure 8.

Tha OOFIE Fessediiw
Conpaxiscm of WOSX FEOSALIA with NOBX. FROGALID
(Sl & Bietin B RIT)
Vaiwe Compaxissn Results Cox Fayiadies
I TG/ Piovinse
|| Base Valus Compare Value
s || STATR AR

| "

'
21T Mev Touk NaHark
nRiE | Fey Tosk Nevieik
3215 || Hew Tosk Sarwo
naw | Naw Toxk Newiorh
231 || Mew Tosk Battark The COENE Treveduce
3 | Mev Towk i Conparison of WX FOMLIA with Wik HOML
B33 || Mew Yok Hawkorx OB eEICT
224 Mev Tawk NN TR
P32% || Mew Tosk Pevinrk Value Comparbson Results fox Varlables
#2e | Bew Yok B o
RaT | Navw Tork Nawiorn
Lo New Tork Bew¥ori 11 Presust
LEEs Mav Toxk o rn 11 Bass Valw Compars Valus
B3 |1 Mew Tosk Tew¥ork S |1 FEDT L
231 Mev Tork N TR i
R New Toxk NewYork "
2 Bew Youk Hew'fork 3556 |11 som Coffss Tak
#2234 || New Toxk New¥ork 3337 || =M Coffsa Tib
#2338 W Toxk w0 5 FTCURETI - o § Cattes Tab
206 | Bav Tosk NawYork 333 11 wra Cotise Tab
RIT || New Yexk Newiork v
MM || Mew Tea o ot e oo
L CE I New Tork Yawtork TR ) Cottes Tubs
248 || Mew Youk Sawio r >
N4l | Mev Tork Navisrk B 11w Cotles E'b
P34: || Mww Youk Naw¥ork B4 11 ®eA Cottes Ted
MR | M Tesd Pawrore 3601 11 gorx Catten Tob
B344 || Mew Yok NewXork M0 1| o Cotfsn Tab
PALE | MV Toeuk e N PR M0 1 wra Cutles Tin
¥246 || New Tork NewYork MU 0w Coifen Tab
B34 | Hew Youk Harwido ri 3463 11 sora Coffes Tab
e Bav Tosrk Bawferk 2606 11 OTA Coffes Ta
LR L New Yoxk Poew¥ork 30T 11 OFR Coffes Tab
| Bov Taxk L T ¥N 1| B Callen Tib
2331 | Mew Yok Hawiork MY 1 B Cotien T
L LS Hew Touk Sherwo i 3610 11 OrA Cotfes Tad
225 I New Toxk NewYork 3411 11 orA Coffss T
LR Hav Touk Hawiork 12 |11 LM Cotfea Tib
oy AR ol coahes ¥ || P Gotten Tin
2 2
PAST || Bew Teuk yord 343 11 sora Coffes Tab
s LY. Bew Pk —r-hord NOTE: Tha MOXTRINTaS0 printing 1Uni® hax besn reashed fox tha var Lakle FRCOUCT. Me: nerw valuss will be printed
$240 | New Tork NewYork 358 URLA GENpLNL 38,

Figure 9. PROC COMPARE Output — Value Comparison Results.
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The output in Figure 9 displays data value discrepancies in 2 variables; STATE and PRODUCT. The data
values are character strings, and the differences are in how the character strings are coded. For STATE,
there’s a space embedded in the data value. For PRODUCT, data values have been coded incorrectly
and truncated. Generally, this points to an issue with variable length.

In cases where there’s a lot of discrepancies in PROC COMPARE output, it’s a good practice to save the
discrepancies in a separate SAS data set. You have the ability to do this using the OUT= option.

In Figure 10 below is the same PROC COMPARE example using the OUT= option. An output SAS data set

PrdSal_Results is created using OUT=. In addition, several other options are used here; OUTNOEQUAL,
OUTDIF and NOPRINT.

Proc Compare Base=Prdsal2a
Compare=Prdsal2b

Out=PrdSal_Results Outnoequal OutDif Noprint;
Run;

Figure 10. PROC COMPARE WITH OUT= option.

Creating an output SAS data set is a good practice when you have a lot of data value discrepancies,
specifically, which are too numerous to include in standard SAS output.

MERGING SAS DATA SETS

Merging SAS data sets is a common data manipulation and programming task. Whether you use a DATA
STEP Merge, or a PROC SQL Join, the BY variable used to perform the merge should have the same
variable attributes. This programming situation presents a use case for PROC COMPARE.

Using PROC COMPARE, we can check and ascertain whether the BY variables align according to variable
attributes of Variable Name, Length, Format, Type, and Label. Combining data sets using the DATA STEP
Merge, the BY variables are required to have the same name.

In Figure 11 is a code example for comparing variable attributes of BY variables. To compare variable
attributes, PROC COMPARE with VAR and WITH statements needs to be used.

Proc Compare Base=hlthcare.IP_2010_Claim Compare=IP_2010 Claim
Var BENE _ID;
With BENE_ID;

Run;

Figure 11. PROC COMPARE example to compare attributes of BY variables.

If the BY variables don’t have the same Type, Length, or Format, the results of the merge will be

suspect and unreliable. For discrepancies in Variable Type or Format, SAS may print a warning message
in the SAS log.
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We're also interested in knowing what kind of relationship exists between the data sets. For example,
if it’s a one-to-one, one-to-many, or many-to-many. In other words, does either data set contain
duplicates in BY variable values.

Using the BY variable in an ID statement, PROC COMPARE will inform us if duplicates exist.

Recall that the default behavior of PROC COMPARE is to compare observations by position or
observation number. Specifying the BY variable in the ID statement overrides this default behavior and
PROC COMPARE compares observations based on values of the BY variable.

In Figure 12 below is an example of PROC COMPARE with the ID statement from the SAS log.

81 Proc Sort Data = hithcare.ip2010claim Out=ip2010claim;
82 By Bene_ID;
83 Run;

NOTE: There were 13916 observations read from the data set HLTHCARE.IP2010CLAIM.
NOTE: The data set WORK IP2010CLAIM has 13916 observations and 36 variables.
NOTE: PROCEDURE SORT used (Total process time):

real time 0.04 seconds

usercputime 0.05seconds

85 Proc Sort Data = hithcare.finder_attrib Out=finder_attrib;
86 ByBene_|D;
87 Run;

NOTE: There were 85872 observations read from the data set HLTHCARE.FINDER_ATTRIB.
NOTE: The data set WORK FINDER _ATTRIB has 85872 observations and 2 variables.
NOTE: PROCEDURE SORT used (Total process time):

real time 0.04 seconds

usercputime 0.04 seconds

89 Proc Compare Base=ip2010claim Compare=finder_attrib LISTBASEOBS LISTCOMPOBS;

90 ID Bene_ID;
91 Var AT_NF;
92 With PRANPI;
93 Run;

WARNING: The data set WORK IP2010CLAIM contains a duplicate observation at observation number 4.
NOTE: At observation 4 the current and previous ID values are: BENE_|D=0007F12A492FD25D.

NOTE: Further warnings for duplicate observations in this data set will not be printed.

NOTE: There were 13916 observations read from the data set WORK IP2010CLAIM.

NOTE: There were 85872 observations read from the data set WORK AINDER ATTRIB.

NOTE: PROCEDURE COMPARE used (Total process time):
real time 0.77 seconds
usercputime 0.75seconds

Figure 12. PROC COMPARE with ID statement — SAS Log Excerpt

To use them in an ID statement, the data sets need to be sorted on the BY variables prior to running
PROC COMPARE. As shown in Figure 12, the data sets are sorted on the BY variable using PROC SORT.

Following this, PROC COMPARE is run on the data sets using the BY variable BENE_ID in the ID
statement. The VAR and WITH statements are used in this example to limit the variables comparison to
a single variable.

In Figure 12, a warning message is printed in the SAS log. The warning message indicates that one of
the data sets contains a duplicate observation for observation number 4 for a specific value of BENE_ID,

the BY variable. Through the warning about duplicates, SAS has notified the user that the type of merge
is one-to-many.
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The PROC COMPARE output from the code in Figure 12 is displayed in Figure 13.

The COMPARE Procedure
Comparison of WORK.IP2010CLAIM with WORK.FINDER ATTRIB
(Me thod=EXACT)

Observation Summary

Observation Base Compare ID
First Obs 1 1 BENE_ID=00013D2EFDS8E45D1
First Unequal x 1 BENE_ID=00013D2EFDS8E45D1
Last Unequal 13916 85865 BENE ID=FFFA950301FCA748
Last Match 13916 85865 BENE ID=FFFA950301FCA748
Last Obs E 85872 BENE_ID=FFFF/Cl07A4E385A

Number of Observations in Common: 11347.
Number of Observations in WORK.IP2010CLAIM but not in WORK.FINDER ATTRIB: 2569.
Number of Observations in WORK.FINDER ATTRIB but not in WORK.IP2010CLAIM: 74525.
Number of Duplicate Observations found in WORK.IP2010CLAIM: 1947.
Total Number of Observations Read from WORK.IP2010CLAIM: 13916.
Total Number of Observations Read from WORK.FINDER ATTRIB: 85872.

Number of Observations with Some Compared Variables Unequal: 11335.
Number of Observations with All Compared Variables Equal: 12.
Values Comparison Summary

Number of Variables Compared with All Observations Equal: 0.
Number of Variables Compared with Some Observations Unequal: 1.
Number of Variables with Missing Value Differences: 1.
Total Number of Values which Compare Unequal: 11335.

All Variables Compared have Unequal Values

Variable Type Len Compare Len Label Ndif Maxdif

AT NPI CHAR 10 PRFNPI 12 Attending Physician - National Provider Identifier No. 11335 9

Figure 13. PROC COMPARE with ID Statement — Output

In Figure 13, there are several items of interest contained in the output.

The number of duplicate observations is printed in the output for one of the data sets. The output
reports that the data set IP2010CLAIM had 1947 duplicates.

PROC COMPARE provides you with the number of observations the data sets had in common, as
well as the number of observations found in the BASE data set but not the COMPARE data set, and
vice versa.

In Figure 13, the output reports that the data sets had 11347 observations in common. But 2569
observations were in IP2010CLAIM, but not in FINDER_ATTRIB. Conversely, 74525 observations were
in FINDER_ATTRIB, but not in IP2010CLAIM.

These numbers are the matches and non-matches from the merge, respectively. Normally, we’d have to
execute the merge to produce the number of matches and non-matches. But using the ID statement,
PROC COMPARE has provided this information for us beforehand.
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CONCATENATING SAS DATA SETS

Another programming task which programmers often must complete is concatenating or appending
SAS data sets. Concatenating data sets is combining data sets vertically, as opposed to merging which is
combining them horizontally. This process is also called stacking data sets.

In BASE SAS, methods for concatenating include the DATA STEP, PROC APPEND, PROC SQL and PROC
DATA SETS. Whatever method you choose there are requirements which the data sets have to meet.

Variables in the two data sets must have the same name. They should also have the same variable type,
length and format. SAS may not execute the concatenation if the attributes don’t align. If it does
combine the data sets, the integrity and validity of the resulting data will be adversely impacted.

Concatenating data sets is another best practice case for PROC COMPARE. Programmers should check
that the data sets and variables have consistent attributes prior to performing the concatenation.

In Figure 14 is an example of PROC COMPARE to check the variables of two SAS data sets, which need
to be appended.

125  Proc Compare Base=US Compare=Mexico;
126 Run;

NOTE: There were 18432 observations read from the data set WORK US.
NOTE: There were 4608 observations read from the data set WORK.MEXICO.
NOTE: PROCEDURE COMPARE used (Total process time):

real time 0.15seconds

user cputime 0.15seconds

system cpu time 0.01seconds

memory 4640.68k

OSMemory 37696.00k

Figure 14. PROC COMPARE excerpts from SAS log.
Figure 14 is an excerpt from the SAS log showing execution of the COMPARE procedure.

To discern variable attributes, you can also run PROC CONTENTS, which outputs a report with listings of
variables contained in the data set and attributes for them.

The advantage of running PROC COMPARE is it performs an automated comparison of the data sets.
With PROC CONTENTS, the programmer needs to perform the comparison manually.

In Figure 15 is the output from the code from Figure 14. Highlighted in the output are discrepancies
which need to be resolved.

Missing variable discrepancies occur when a variable is present on one data set but not the other.
In this case, each data set contains a single variable not found on the other data set.

15



Dataset

WORK.US

Number
Number
Number
Number
Number

Variable

MONTH

Actual

Variable

COUNTRY

STATE

The COMPARE Procedure
Comparison of WORK.US with WORK.MEXICOC

(Me thed=EXACT)

Data Set Summary

Created Modified NVar NObs
07JUL25:20:10:27 07JUL25:20:10:27 11 18432
11 4608

WORK.MEXICO 07JUL25:20:10:27 07JUL25:20:10:27

cf Variables
cf Variables
cf Variables
of Variables
of Variables

Dataset

WORK.US
WORK. MEXICO
WORK.US
WORK. MEXICO

Dataset

WORK. US
WORK. MEXICO
WORK.US
WORK. MEXICO

Variables Summary

in Commen: 10.

in WORK.US but not in WORK.MEXICO: 1.
in WORK.MEXICO but not in WORK.US: 1.
with Conflicting Types: 2.

with Differing Attributes: 2.

Listing of Common Variakles with Conflicting Types

Type ILength Format Label

Num 8 MONNAME3. Month

Char 3

Char 12

Num 8 DOLILAR12.2 Actual Sales

Listing of Common Variables with Differing Attributes

Type ILength Format Lakel

Char 10 $10. Country

Char 10 $CHAR10. Country

Char 22 $CHAR22. State/Province
Char 10

Figure 15. PROC COMPARE Output with variable attribute discrepancies

Several other types of discrepancies are present in Figure 15 output. Variable type and length
discrepancies are the highest priority to resolve, because they lead to data validity issues.

The variable MONTH has a variable type discrepancy. It’s numeric in one data set, but character in the
other. Variable type discrepancies often involve SAS adopting the type from the first data set and

generating missing values for the variable from the second data set.

The variable COUNTRY has a format discrepancy. However, since both variables are character, and have

the same length, it’s unlikely to involve an issue with the resulting data.

STATE has a variable length discrepancy. When length discrepancies occur, data values are often

truncated.

Thus, the output has highlighted several issues which merit attention. These issues should be resolved

through routine DATA STEP programming to ensure data quality.
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RECONCILING VERSIONS OF SAS DATA SETS

Besides the ones we’ve discussed thus far, there are other programming projects and tasks where
PROC COMPARE can play an effective role.

It’s occasionally the case that programmers have to deal with multiple versions of SAS data sets which
get created, and don’t know the differences between them.

Also, there are SAS projects where you create and maintain a permanent SAS data set, called a master
data set and update it periodically. The master data set gets updated with smaller SAS data sets, called
transaction data sets.

The different versions of master data sets can be thought of as generation data sets. Creating
generations data sets in SAS is another topic | only touch upon in passing in this paper.

In each of these cases, PROC COMPARE documents the differences between versions of SAS data sets,
in variable data values, in observations, and so on.

The code in Figure 16 below displays the example of a mass shootings database which gets updated
periodically, on an annual basis.

105 Proc Compare Base=Everytown 2023 Compare=Everytown_2025;
106 Run;

NOTE: There were 284 observations read from the data set WORK.EVERYTOWN 2023.
NOTE: There were 299 observations read from the data set WORK.EVERYTOWN 2025.

NOTE: PROCEDURE COMPARE used (Total process time):
real time 0.09 seconds
user cpu time 0.09 seconds
system cpu time 0.01 seconds
memory 2063.40k
0OS Memory 32984.00k

Figure 16. PROC COMPARE Example - excerpt from SAS log.

The database contains records of incidents of mass shootings occurring in the United States. When the database
gets updated, new records are added to the database for new shooting occurrences.

In the example in Figure 16, PROC COMPARE is executed to compare two annual versions of the database. The
version of the database from 2023 is compared with the updated version from 2025, respectively.

The PROC COMPARE output is provided in Figure 17 below.

The output shows differences in variables, observations, and variable values. The data sets have the same
number of variables, although they contain different sets of them.
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The COMPARE Procedure
Comparison of WORK.EVERYTOWN 2023 with WORK.EVERYTOWN 2025
(Method=EXACT)

Data Set Summary

Dataset Created Modified NVar NObs
WORK.EVERYTOWN 2023 08JUL25:17:17:20 08JUL25:17:17:20 14 284
WORK.EVERYTOWN 2025 08JUL25:17:17:20 08JUL25:17:17:20 14 299

Variables Summary

Number of Variables in Common: 7.
Number of Variables in WORK.EVERYTOWN 2023 but not in WORK.EVERYTOWN 2025:
Number of Variables in WORK.EVERYTOWN 2025 but not in WORK.EVERYTOWN 2023:

N

Observation Summary

Observation Base Compare
First Obs 1 1
First Unequal 1 1
Last Unequal 229 229
Last Match 284 284
Last Obs S 299

Number of Observations in Common: 284.

Number of Observations in WORK.EVERYTOWN 2025 but not in WORK.EVERYTOWN 2023: 15.
Total Number of Observations Read from WORK.EVERYTOWN 2023: 284.

Total Number of Observations Read from WORK.EVERYTOWN 2025: 299.

Number of Observations with Some Compared Variables Unequal: 16.
Number of Observations with All Compared Variables Equal: 268.

Values Comparison Summary

Number of Variables Compared with All Observations Equal: 1.
Number of Variables Compared with Some Observations Unequal: 6.
Total Number of Values which Compare Unequal: 68.

Maximum Difference: 34.429.

Figure 17. PROC COMPARE Output 1

The observation summary shows the 2025 updated version of the data set contains 15 additional
observations over what the 2023 version of the data set contains.

The values comparison summary also shows differences in data values.

In reconciling SAS data sets, documenting differences in observations and data values are of primary
importance. Although differences in variables are important, variable attribute differences are not.
This is an example where the variable attribute section of the report can be suppressed. Although,
PROC COMPARE may not have an option for doing that.

In Figure 18 is the variables with unequal values section of the output.
This section shows 6 variables which have differences in data values. Notice that 4 of the variables have
data value differences in 12 of the observations. The remaining 2 variables have data value differences

in 10 of the observations. To recall, the reported differences are only for matching observations.

The output also shows the maximum difference for Latitude and Longitude, the 2 numeric variables in
the output. The remaining variables are character.
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The COMPARE Procedure
Comparison of WORK.EVERYTOWN 2023 with WORK.EVERYTOWN 2025
(Method=EXACT)

Variables with Unequal Values

Variable Type Len Label Ndif MaxDif
City CHAR 24 City 12
State CHAR 2 State 10
Latitude NUM 8 Latitude 12 13.419
Longitude NUM 8 Longitude 12 34.429
Narrative CHAR 764 Narrative 12
Last updated CHAR 24 Last updated 10

Figure 18. PROC COMPARE Output 2- Variables with unequal values

By examining the value comparison results section, we can surmise the source of the differences.

In Figure 19 is the values comparison results for variables section. It displays a record-by-record listing
of observations which had value differences for the variable, CITY. We know that CITY had 12 records
which had value differences.

The variables contain the same data values, but not for the same observations. Thus, this is a case

Value Comparison Results for Variables
Il City
|| Base Value Compare Value
Obs || City City
|1 + +
Il
90 || Clarksburg Hialeah
91 || Hialeah Clarksburg
106 || Alturas Indianapolis
107 || Indianapolis Alturas
146 || Pike County Appling
147 || Appling Pike County
148 || Roswell Orlando
149 || Orlando Roswell
176 || Reading Melcroft
177 || Melcroft Reading
228 || Springfield Moncure
229 || Moncure Springfield

Figure 19. Values comparison results for variables.

where the observations are in a different order.

From the output, we can discern that the source of the differences is that the data sets are sorted in a
different order. This accounts for the differences in values rather than recoded variable values or some

other source.
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CONCLUSION

PROC COMPARE is an effective data validation construct for comparing two data sets within the BASE
SAS package. Although the amount of output from PROC COMPARE can be of a large volume, the
procedure features options which provide the ability to control and limit sections of output, and the
amount of certain types of output produced. PROC COMPARE has applicability to a wide variety of
programming projects, from parallel programming to merging data sets, to concatenating data sets and
reconciling different versions of SAS data sets.
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