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Abstract

The KEY= option on the SET or MODIFY
statement is new starting with Version 6.07 of the
BASE SAS" System and allows direct access to
an observation nonseguertiaily based an indexed
value.

This paper will provide exampies as to how the
KEY= option is used and compare this type of
table lookup technique with more traditional
methods in terms of efficiency.

Background

The KEY = option is used to locate observations
in one file based on the values in another file.
This is also often referred t¢ as a tabie lookup.

Other methods that could be used instead of the
KEY = option to perform a table locokup would be
to use an UPDATE statement, or a SAS MERGE
staternent in conjunction with an IN= operator, or
perform a similar type of join by using PROC
SQL. Whiie PROC FORMAT and arrays are aiso
cften used to perform table lookups, they only
retrieve a single value at a time, whereas the
KEY= option, 2 SAS MERGE, an UPRATE
statement and PROC SQL statements can retrieve
more than one value at a time. The use of PROC
FORMAT and arrays will not be discussed as an
aiternative table lookup method for the purpose of
this paper. (For a detailed discussion of these
various methods see Dana Rafiee's article in the
‘Related Literature’ section at the end of this

paper).

Preparing the Data

In order tc use the KEY= option, the data set
must first be indexed. It is not requireg that both
files be indexed, only the file upon which values
will be looked up must be indexed. In SAS, an
index can be created one of several ways:
PROC DATASETS

PROC SQL

a SAS data set option (INDEX=)

via some Display Manager Windows
SAS/IML software

SCL (Screen Control Language) available
in SAS/AF and SAS/FSP products

oooooo
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PROC DATASETS, PROC SQL, or the INDEX=
SAS data set option are probably the most
common methods used to create indexes on a
SAS data set:

PROC DATASETS LIB=SASUSER;
MODIFY SALES_86;
INDEX CREATE ACCT_NUM;
RUN;

(or)

PROC SCL;
CREATE INDEX ACCT_NUM
ON SASUSER.SALES 86(ACCT_NUM);
QUIT;

(or)

DATA SASUSER.SALES 86
(INDEX={(ACCT_NUM));
INFILE....;
INPUT...;
RUN;

There are two types of indexes in SAS: simple
and composite. A simple index is when variables
are indexed independently of one another. For
axample, ACCT_NUM, SALESID, and STATE
couid be indexed but each would be indexed
separately from one ancther. In the case of
simpie indexes, there name is the same as the
variable name. A composite index, however, uses
a unique name that refers 10 two Or mare
variabies together that make up an index as a
whole, or compasite. For example, a composite
index called CUSTID couid index upon STATE,
BRANCH, and REFNO as a single entity.
Examples of how composite indexes are created
and used can be found in the BASE SAS®
manuals. Composite indexes will not be discussed
in further detait in the course of this paper.

Special Considerations Regarding indexing

Indexes are special pointers that allow, in most
cases, access data vaiues more quickly. Because
not every SAS data set is a good candidate for



indexing, it is highly recommended that you read
some of the literature refating to the guidelines for
indexing SAS data sets listed in the 'Related
Literature’ section at the end of this paper.

While indexing supposedly allows faster access to
a small subset of data, it has been noted that
indexing a SAS data set under -certain
circumstances can actually reduce the efficiency
rather than improve it. it is important to note that
indexed data sets sometimes:

i are more CPU and 1/C intensive in order
1o create and maintain the indeXx

| require extra memory to load the index
table

0O require extra disk space on a separate file
to store the index's data structure

w] require extra resources to rebuiid indexes
for a new version of a data set with
indexes

Whether or not a SAS data set should be indexed
depends on the structure of the data set itseif, the
version of SAS being used, and ptatform in which
SAS is being run under. Careful testing should be
performed on each data set t0 be indexed before
deciding on if the data set should be permanently
indexed or not.

Using the KEY= Option

Once the lookup data set has been indexed, the
KEY = option can then be used to iocate select
information.

The KEY = option works much like the POINT =
option in that it allows us nonsequential access to
our data sets. The main difference between the
two is that the POINT= option allows us to
access our data nonsetuentially based on an
observation number, whereas the KEY= option
allows us access to our data nonsequentially
hased on a value.

When the KEY= option is specified on a SET
statement it will read only the records from the
lookup data set (in our example, the
SASUSER.SALES 86 data set) that are also found
cn the search file (the FINDIT data set). The
result of this lookup will be a file that contains all
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the information from both data sets for those
records that match:

SASUSER.SALES_86
0BS  ACCT_NUM AGE
1 13388383 23
2 33322828 55
3 32818181 42
FINDIT
OBS  ACCT NUM T _JOB
1 13388383 12
2 33322828 31

PROC DATASETS LIB=SASUSER;
MODIFY SALES_gs;
INDEX CREATE ACCT_NUM;
RUN;

DATA COMBINE;
SET FINDIT(KEEP=ACCT NUM T_JOB)
SET SASUSER.SALES 36(KEEP=AGE)

KEY=ACCT_NUM;
IF_IORC_=0 THEN OUTPUT;

RUN;
PROC PRINT DATA=COMBINE:
RUN;
COMBINE
0BS ACCT NUM T JOB AGE
1 13388383 1I2 23
2 33322828 31 55

Using the KEEP= or DROP= option behind the
data set name not only controls which variables
will appear on the resulting output SAS data set,
but it will also improve the efficiency of the ioakup
process. KEY= variables do not need to be
specified on the KEEP = statement because they
are automatically kept.

The arder in which the data sets are specified on
the SET statements IS IMPORTANT. The first



data set specified should be the search data set
{FINDIT) and the second data set specified should
pe the lookup data set (SASUSER.SALES_86). If
the order of the SET statements are switched, you
WILL get output, but it WILL NOT be correct:

DATA COMBINE;
SET SASUSER.SALES 86 KEY=ACCT_NUM;
PUT _ALL ;
SET FINDIT;
PUT "™+ ALL ;
iF _IORC_=0 THEN QUTPUT COMBINE;
ELSE ERROR_=0;

RUN:;

PROC PRINT DATA=COMBINE;
RUN;

COMBINE

0BS ACCT NUM T_JOB AGE
1 33322828 131 23

The resuit produced here is the last record from
the search data set matched with the first record
from the lcokup data set.

What Happened?

8y looking at the resuits of the PUT _ALL _in our
SAS LOG, it helps expiain why the ‘order of the
SET statements are important:

ACCT NUM= AGE= T_JOB=. _FRROR =1
_TORC_=1230015 N_=i
e ACCT NUM=13388383 AGE=. T_JOB=12 _ERROR =i
10RC_=1230015 N =1
ACCT NUM=13388383 AGE=23 T_JOB=12 _ERROR =0
TORC =0 N =2
wewfCCT NUM=33322828 AGE=23 T_JOB=31 _ERROR_~C
_IORT_=0 N =2
ACCT NUM=33322828 AGE=35 T_J0B=31 _ERROR -0
_TORC_=0 N =3

Because no value has been read in for the KEY =
value, the resuit of the first PUT _ALL  the first
time through the Data Step isa dump of the PDV
in the SAS LOG with all variable's values set to
missing. Vaiues are set into these variables after
the data set on the second SET statement has
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been read (AGE is not present on this data set, so
its vatue is still set to missing). Because the 1/O
process did not compiete successfully, the value
of IORC_ is something other than zero (the
purpose of the _IORC _ variable is discussed in
greater detail below) and therefore this record is
not output to the data set, but the vaiue of
_ERROR _ for this record will be reset to zero.
The second time through the DATA Step, the
values from the previous iteration are
automatically retained and age is now added as
a result of the first SET statement After the
second SET statement is read a new KEY= and
T_JOB value are read and the record is then
output to the SAS data set because the most
recent |/O process completed successfully
{_IORC_=0). Be careful, just because a record is
successful it does not necessarily mean it is
correct, as is demonstrated in this exampie.
Upon the third iteration of the DATA Step, the
values for ACCT_NUM and T_JOB are being
retained with a new value for AGE being provided.
Bacause the implickt end-of-file mdtcator has been
reached, the process ends.

Lessons To Be Learmed
The two lessons to be learned Dy this exampte
are this: first, the order in which the data sets are
specified on the SET statements is important (the
data set with the KEY = option should aiways be
the second one specified). And secondly, just
because you are outputing records only when
_IORC_=0 does not mean you will always get
only the perfect matches- so be careful!

The _IORC_ Pseudo Variable
The ORC pseudo variable is automaticaity
created whenever the MODIFY statement or a
SET statement with the KEY = option is used. It
heips determine if the most recent |/O operaticn
performed completed successfully or not. if the
_IORC _ pseudo variable returns a value of 0, the
process has completed successfully; any vaiue
other than 0 indicates the most recent /O
process was unsuccessful,

This is not foolproof though, notice in the
previous example even though the vaiue of the

_IORC_ pseudo variable was checked for 0 {to
determine if the 1/O process was successful or
not) prior to outputing or writing the record out, it
stilt produced incorrect results. In this case, in
addition to onty writing out those records where



the value of _IORC_=0 you should also be
checking your SAS LOG. Always check the SAS
LOG whenever using the KEY= option on the
MODIFY or SET statements because if there is
a probilem in the table lookup process a dump
of the PDV will be present. Even if aniy those
records where IORC =0 are being output
NEVER trust the resuits of the output SAS data
set if a dump of the PDV is present in the SAS
LOG when using the KEY = option.

An automatic way to prevent these types of
problems would be to do something like the
following:

DATA COMBINE;
SET SASUSER.SALES_86 KEY=ACCT_NUM;
SET FINDIT;
IF _IORC_ NE 0 THEN ABORT; * OR STOP;
RUN;

The IORC_ pseudo variable is typically used in
conjunction with the SYSRC autocall macro 1o
test specific |/Q error conditions. See 'Refated
Literature’ for more information on this feature.

Dupiicate Records and Records Not Found

The lookup table (SASUSER.SALES 86) should
not contain duplicate records. While duplicate
records are allowed in the lookup table, onty the
first indexed value found will be used in the table
lookup process- other duplicate records in the
lookup table will be ignored. SAS will build an
output SAS data set, the SAS LOG will NOT
contain a dump of the PDV, and nc error or
waming messages wil he present. Yet, the
output SAS data set created may not contain
entirely correct information. Because of this, |
strongly recommend that whenever creating an
index on a data set that is to be used specificaily
with the KEY = option that the UNIQUE option be
defined upon creating the index. The UNIQUE
option prevents an index from being created if
duplicate index vaiues exist. Duplicate records
will have t0 be eliminated from the data set by
using FIRST./LAST. logic or by using the
NODUPKEY option on PROC SORT before the
index can be created when this option is in effect:

PROC DATASETS LIB=SASUSER;
MODIFY SALES _88;
INDEX CREATE ACCT_NUM/UNIGUE;
RUN;
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Similarly, if it is the search data set (FINDIT) that
contains the duplicate records rather than the
lookup data set, the same holds true: oniy the
first record in the search data set will be matched
with the corresponding record in the icokup table.
However, in this scenarig, unlike the previous one,
a dump of the POV will be present in the SAS
LOG indicating an 1/0 process has not compieted
successfully. Hopefully, if you are in the habit of
always checking vour SAS LOG, this scenario
would be detected by the presence of the PDV in
the LOG which may prompt you to correct the
lookup process with one of the two methods
listed beiow.

One way to correct this is to simply eliminate the
duplicate records from the search data set
through a de-duping procass (discussed above).
Ancther possibility is that if you wish to keep the
duplicate records in the search data set and
match sach of the duplicate records with the
corresponding record in the lookup data set, then
use the UNIQUE option specified on the KEY =
option (this is NOT the same as the UNIQUE
option used in the example shove when creating
indexes- see discussion below far further details
on the UNIQUE option).

Duplicates in both files should be avoided in all
cases. When both files contain the same number
of dupticate indexed values, they will match up
and the results will look reasonable. If, however,
cne file comtains more records for a particular
indexed value than the other file, you will get
scme weird results and your SAS LOG will not
indicate that anything is wrong. Duplicates
should be especiaily eliminated from the lookup
table (SASUSER.SALES _886). If you choose notto
eliminate the duplicates from the search file
(FINDIT) then be sure to use the UNIQUE option
on the KEY = gption hefore performing the lockup
process in order to get correct results.

When a key value is located on the search data
set, but cannot be found on the indexed lookup
data set, a dump of the PDV will be present in the
SAS LOG, but the resulting data created sst
should be correct in terms of information. See
Table 1 for a summarization of the information.

The UNIQUE Option
Starting with Version 6.08, the UNIQUE cption is
available on the KEY = statement (don’'t confuse



t with the UNIQUE option used in creating
indexes- they are NOT the same). The UNIQUE
option on the KEY = statement specifies that the
search should begin at the top of the index for
the data set being read rather than the default
which is to start at the top of the index for each
new KEY = value.

This option is particularly usefui as noted above
when the search data set has muitiple
observations with the same value that are to be
located in the iookup data set. By defauit, without
this option, only the first value from the search
data set will be matched with its corresponding
record on the lookup data set- duplicate records
will be ignored because it does not start the
search over from the top. However, with the
option specified, muitiple records for the same
value on the search data set will be matched up
with its corresponding vaiue from the iookup data
set.

KEY= Option on the MODIFY Statement

The MODIFY statement is new starting with
Version 6.07 of the SAS System. The MODIFY
main diference between the MODIFY statements
and other comparable SAS statements is that the
MODIFY statement allows for in place data set
manipuiation rather than creating an additional
copy of the data sets. Therefore, the use of the
MODIFY statement saves a substantial amount of
temporary work space, particularly i the data sets
being manipulated are large.

The one major downside to this statement is that
because it is in place data set manipulation, if the
system should terminate abnormally during an
ypdating process, it can result in an
unrecoverable loss of data.

" in earlier exampies we saw how coding two SET
statements with a KEY= option on the lookup
data set works more like a merge in that it “joins”
information together to create an output data set
containing ail the information from both data sets,
The use of the KEY= option on the MODIFY
statement, however, is different in that it is used
to update or replace information existing
information on the icokup data set.
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While the MODIFY statement can do many
different things. | am only going to show an
exampie that specificailly deals with the MODIFY
statements as it relates to using the KEY = aption:

SASUSER.SALES_86
0BS  ACCT NUM AGE
1 13388383 23
2 33322828 55
3 32818181 42
FINDITZ
0BS  ACCT_NUM AGE
1 13388383 15
2 33322828 36

DATA SASUSER.SALES_36;
SET FINDIT2(RENAME = (AGE =NAGE)
KEEP=AGE ACCT_NUM);
MODIFY SASUSER.SALES_86
KEY=ACCT_NUM;
AGE=NAGE;
RUN;

SASUSER . SALES_86

ACCT NUM AGE
13388383 15
33322828 36
32818181 42

o
w0
w

The master data set (SASUSER.SALES_86) still
contains all its originai records, but for those
records that were present in the transaction fite
(FINDIT2) the master file has now been modified
or updated accordingty based on the values
found in the transaction data set; those records
not present in the transaction data set remain on
the master file unchanged.

When using the MODIFY statement and KEY=
aption, it is important to rename the variabie on
the transaction data set to something different so
it can be uniquely referred to when explicitly
defining the updating action to take piace.



when using the MODIFY statemesnt, be careful
about the presence of duplicate records in one or
both files. For best resuits, always de-dup both of
the data sets before performing the MODIFY
statement with a KEY = option.

Other Methods

PROC SQL or 2 SAS MERGE statement ¢an aiso
be used to perform a similar type of table lookup
as was done with the SET statements and KEY =
option:

DATA MERGE;
MERGE SASUSER. SALES _86(IN=ONA
KEEP=ACCT_NUM AGE)
FINDIT (IN=ONB
KEEP=ACCT_NUM T_JOB);
BY ACCT_NUM;
IF ONA AND ONB;
RUN;

(or)

PROC SQL;
CREATE TABLE MERGE AS
SELECT B.ACCT NUM, AGE, T_JOB
FROM SASUSER.SALES_86 A
RIGHT JOIN FINDIT 8
ON A.AACCT_NUM=B.ACCT NUM;
QUIT;

The following SAS MERGE or UPDATE statement
performs a similar type of modifying or updating
of information as was done with the SET and
MODIFY stataments using the KEY = option:

DATA SASUSER.SALES_g6;
MERGE SASUSER.SALES 88
FINDIT2(KEEP=ACCT_NUM AGE);
BY ACCT_NUM;
RUN;

(or}

DATA SASUSER.SALES_86;
UPDATE SASUSER.SALES_86
- FINDIT2(KEEP=ACCT_NUM AGE);
BY ACCT_NUM;
RUN;

Comparing Efficiencies

Using an I1BM 3290, | ran some tests comparing
the various table lookup methods. Table 2
summarizes the findings and explains the
sampiing methodolegy used.

‘In terms of performing a table lookup using the

SET statement and KEY = option versus using a
SAS MERGE or PROC SQL, | found that PROC
3QL was the most efficient in performing the table
laokup when the data set was not indexed. If the
data set was already indexed. then the KEY=
option on the SET statement is A LOT more
efficient than the other two methods (on average

.03 CPU secands to perform the table tookup with -

. SET and KEY= versus .46 CPU seconds for
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PRQC SQL. and .34 CPU seconds for the MERGE
statement). The most expansive part of using the
SET and KEY = is the building of the index, which
will take on average up to 95 percent of the totai
job time to build &, the other 5 percent of the job
time is spent actually performing the lookup iseif.

Anocther interesting note, with the MERGE and
PROC SQL statements, CPU time increased the
further down the search records were in the
indexed lcokup tabie, whereas with the KEY=
option, CPU time remained constant regardiess of
where the search records wer2 iocated in the
indexed lookup table.

Similarty, the use of the SET/MODIFY statements
with the KEY = option when performing an update
was the mosi efficient method only when the data
set was already indexed. If the data set was not
indexed, then the MERGE statement was more
gfficient in performing the update/modification
than the UPDATE statement, which kind of
surprised me,

These findings suggest that if your data set is
already indexed, the KEY = option should be used
te perform tabie lookups and updates, but an
index should not be created soiely for the
purpose of using the KEY= option because it
may end up using more resources. When the
data set is not previously indexed, it is more
gificiet to use PROC 3QL to perform a table
lookup and a MERGE statement to perform an
update,
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indexed Table
(SASUSER.SALES 86)

“Search” Table
(FINDIT)

RESULT
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multiple records for each
indexed vaiue

one record for each
indexed vaiue

muitiple records for
each indexed vaiue

one record for each
indexed value

one record for each search

value

multiple records for each
search vaiue

muitiple records for each
search value

contains a search record
that does not axist on the
lookup table

Table 1
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QOniy the first record for
each indexed value is taken.
Ideally, duplicates shouid
be eliminated prior to
indexing through a
de-ciuping process, or,
when creating the index,
the UNIQUE option should
be used to prevent the
index from being created
if duplicates exist.

Qnly the first record from
the search data set is taken.
By defauit, duplicate
records in the search data
set are ignored unless the
UNIQUE option isused on
the KEY = option (this is
NOT the same as the
UNIQUE option used when
creating the index— they
are very diffarentt).

Scenario shoud be avoided
atall costs!!! You will get
output, but it will not be
correct

You will receive correct
output, but there will be
dumgp of the PDV in the
SAS LOG noting that a
record could not be located
in the lookup data set



Tabile 2: Summarized Findings Comparing the Various Lookup Techniques

Statement Used 10,000 25,000 50,000
1+ ¥ttt r i1t 2+t i+t r
SET statement
and KEY= option .71 CPU sec.’ 1.67 3.30
MERGE statement 54 1.23 258
PRCC SQL .48 .80 2.35

' 68, 1.64, and 3.27 CPU seconds, respectively, of which were used to create the index, .03 CPU
seconds to perform the actual lookup.

- Tests were run on an {BM 3290.
10 tests were run for each scenario at different times of the day and CPU seconds were averaged.

In each case 10 records were searched for in a data set containing 10,000, 25,000, and 50,000
records.

Varying where the 10 records were located in the indexed lockup table (that is, if they happened
to be located at the top, middle, ot near the end of the file) did increase the amount of CPU time
required for the MERGE and PROC SCL statements to locate the records, but did not appear to
make a difference when using the KEY = option; CPU time needed remained constant in this case.
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Tabile 3: Summarized Findings Comparing the Various Modifying/Updating

Techniques
Statement Used 10,000 25,000 50,000
-+t 2 3+ £ 5k kR EEEEEEE ST EEEEEE T EE LT EEEEEEE B
SET/MODIFY statements
and KEY= option : .71 CPU sec. 1.58 3.19
MERGE statement 55 1.26 2.52

UPDATE statement .55 1.29 2.57

' 88, 1.55, and 3.16 CPU seconds, respectively, of which were used to create the index, .08 CPU
seconds o perform the actuat loakup,

Tasts were run on an IBM 3220Q.
10 tests were run for each scenario at different times of the day and CPU seconds were averaged.

In each case 10 records were searched for in a data set comaining 10,000, 25,000, and 50,000
records.

Varying where the 10 records were located in the indexed lookup table (that is,  they happened
to ba located ar the top, middle, ar near the end of the file} did increase the amount of CPU time
required for the MERGE and UPDATE statements to iocate the records, but did not appear to make
a difference when using the KEY = option; CPU time needed remained constant in this case.
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