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Abstract

Large data warchouses and decision support systems are
becoming more and more popular. They make fast data
access more important than ever. With clustered index,
data is sorted in clustered index order and thus provide
very fast data access. Although SAS does not provide
built in clustered index, user may create his own
clustered index in a small SAS data set and use data set
options (FIRSTOBS= and OBS=) to apply such index to
extract data. This method provides a way to exiract data
faster than SAS index.

A pair of SAS macro programs are presented to greatly
simplify the process. They hide details from user yet
flexible enough for user to perform other data processing.

Introduction

Data warehouses and decision support systems are
becoming more popular than ever. They almost always
contain large amount of data. Although the CPU of the
computers are much faster and its storage capacity is
much larger today, the access time and the transfer rate
of the storage device, such as a hard disk, see only
- relatively small improvement. A data warehouse are
often used in many applications. Some use all
observations in a large data set. Some require only a
small subset. For example, user may need some detail
data to conduct further analysis. In this case, indexed
data set provides fast access. With clustered index, data
is sorted in clustered index order and thus provide very
fast data access.

Daniel Dower introduced in his SUGI20 paper®, titled
‘Access Data Faster Than a SAS Index’, the concept of
zoned-index point data set. It is essentially a clustered
index. He demonstrated that such index is faster than a
SAS index.

This paper introduces a pair of SAS macro programs for
creating and using clustered index. One will sort and
produce the index data set. The other will apply the
index data set, together with SAS data set options
(FIRSTOBS= and OBS=) to subset the data set, This
pair of SAS Macro programs makes utilizing clustered
index a simple task.

SAS Data Extraction Procéss

Data extraction can be performed in many different ways
with large SAS data sets. There are many SAS papers on
this topic. For example, Anthony M. Dymond compared
four different data extraction methods; Merge, SQL, key,
and format. The result was presented in his SUGI 23
paper’. The paper has a reference which listed many
works in this area.

I will not get into details of their work. Instead, I will do
a quick review of data extraction with SAS data step.

Suppose there is a SAS data set SAMPLE with the data
listed below:

oBs Name Task Hours
1 Anthony Analysis 6
4 Joe Analysis 15
s Joe Programming 14
[ Mark Conference 12
7 Martin Vocation 8

To extract data with Name=*Jack’ from it, you can code a
simple SAS program:

data SUBSET;

set SAMPLE;

if NAME='JACK’;
run;

When SAS processes the data step, it actually go over
each observation and check the value of the variable
NAME. That is, it will read in all observations but keep
only those with NAME="Jack’. For small data set, it is
not a problem. But for a large SAS data set, it is not very
efficient. You may index the NAME to speed it up.
However, I will present another way to do it.

Recall that there are two data set options FIRSTORS=
and OBS=. You may have used OBS= to debug you SAS
program, For example, the

data SUBSET;

set SAMPLE (OBS=3);
if NAME='JACK';
Irun;

- With the OBS=3 option, SAS will only use the first 3
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observations and thus a good way to debug your program.
Now look at the following revised code;
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data SUBSET;
set SAMPLE (FIRSTOBS=1 0BS5=3);
rum;

It will produce the same result as the original program.
The advantage is that it no logger go over the whole data
set and thus run much faster for a large data set.

if you need to pick two person, you may have the
program in original style as:

data SUBSET:;

set SAMPLE;

if NaAME in (‘JACK’ 'Mark’');
run;

Or in new style as:

data SUBSET:
set SAMPLE (FIRSTOBS=2 OBS=3}
SAMPLE (FIRSTOBS=6 OBS=6}:
run;

Note that SAMPLE data set occur twice in the above
prograrm.

Clustered Index

Now the question is, how we know the range for
FIRSTOBS= and OBS=? The answer is that we don’t
know. However, we can keep track of it by creating a
separate SAS data set as an ‘index’ file. For the
SAMPLE data set, we may create following file:

OBS Name OBSF OBSL
1 Anthony 1 1
2 Jack 2 3
3 Joe 4 5
4 Mark 6 6
5 Martin 7 7

Then for NAME=*Jack’, we can easily get FIRSTOBS
frorn OBSF (1) and OBS from OBSL (3). Obviously, 10
reduce the size of the index file, the data should be sorted
by the selection variable. In the sense, the above index
data set is a clustered index for variable NAME.

Dazniel Dower presented sample SAS programs in his
SUGI20 paper’ for using such method. Far practical
application, it is desirable to hide the details as the
coding each extraction program can be time consuming.
The two macro programs listed in the Appendix were
coded to accomplish this. They are also generalized to
handle multiple data sets and allow additional selection
on non index variables. Additional SAS statement may
also inserted whenever necessary
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To apply such index method, you will first need to
prepare the data set by sorting and then creating index
data set. After that, you can extract data faster than SAS
index!

Creating Clustered Index Data Set

SAS macro program clstrin is used to create the index
data set. It has the following parameters:

e dtin input data set.

e dt index outputindex data set.

*  vari variable to be indexed

« dt_out  output data set. If dt_out is blank, the

output use same name as input file.

As a example,
SAMPLE data set:

the following code will prepare the

libname test 'c:\sasdata’:;
%clstrin(dt_in =test.SAMPLE,
dt_index=test.SAMPLE_1i,
vari =NAME ,
out_dt =test.SAMPLE 0);

ran;
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Note that the all data sets are in the directory c:\sasdata;
the index data set is SAMPLE i, which is created for
variable NAME; The output is in SAMPLE_O.

Using Clustered Index

With index data set ready, you can apply it to extract data
with SAS macro program clstrout. This program has the
following parameters:

e dt_ins input data sets.

¢ dt_index inputindex data sets in the order of dt_in.
e di_out output data set.

e varn indexed variable to be subsetted.

+  select SAS statement for selection on vari.

o keeplist input list.

o stl-st9  additional SAS statement. such as keep,

drop list or any valid SAS statement.

The following is 2 sample program for extracting data:

libname test ‘c:\sasdata’:
%clstrout{dt_ins =test.a_ol test.a_oZ2,
dt_index=test.a_1il test.a_iz,

dt_out =test.subset,
vari =name,
select =where name~='Jack’,

keeplist=name task hours,
stl =if hours>10);



Note that it uses multiple input data sets and their
corresponding index data sets. It also listed variables to
be kept and has additional selection specified in stl.

The parameter select can be any valid SAS statement
perforrmed on the index variable NAME, such as:

if name="‘Jack’

if name ne ‘Jack’

where name ic (‘Jack’, ‘Joe’)
if NAME=: ‘F

Inside the macro program, the index data set is first
subsetted. Then a data step is coded to combine the
continuos range. For example, with selection of ‘Jack’
and ‘Joe’, the ranges are 2-3 and 4-5. They are
combined into 2-5. This reduces the number of pairs of
FIRSTOBS and OBS significantly, These ranges then
are moved into SAS macro variables and used as
parameters in the data set options FIRSTOBS= and
OBS=.

Performance comparison and Discussion

Applying the macro presented, You can extract data from
large data set very fast. The actual speed up is almost
inversely proportional to the percentage of the data
extracted. It is much faster than processing data without
index. My personal experience with health insurance
claim history data with about 10 miliion observation on
HP UNIX is very positive. Without the clustered index,
it would take about 40 minutes. With such index, it
typically took only 1 minute,

Daniel Dower’s test' shows such index is actually faster
than SAS native index by 8 - 25%.

Note that the data set can be used as usual without the
index data set. This means that you can still create a
native index on other variable(s). Another thing worth
mention is that the SAS data set used as index file is
much smaller than the native SAS index file.
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On the other hand, since the data set options
FIRSTOBS= and OBS= are used in the process, the SAS
data must stored in uncompressed format. Also, when
the index data set is created with macro clstrim, it sort
data set and then run a data step. As sorting uses 2 lot
disk space and time, it may not be effective for
frequently updated data base due to the one time
overhead.

Conclusion

Using clustered index can be very efficient in extracting
data from large SAS data set. The two SAS macro
programs presented in the paper greatly simplified its
application. It is recommended to evaluate the cost and
benefit before using such index. The best candidates are
static, frequently accessed large SAS sets.
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Appendix A: S5AS Macrc Program for Creating Clustered Index

smacro clstrin(dt_in=, dt_index=,dt_out=,vari=);

/*****i’****tt******i**tt*tt****k********i***t**********************/

/* Macro program for creating custom clusterred index dataset */
/* {dt_index) on variable (vari). dt_out is same as dt_in except */

/* it is sorted by (vari).
/* Program: clstrout

/* Function:
/% By: Zhuan (John) Xu

/* Big Creek Software, Polk City, Iowa

Extract data using custom clustered index
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*/
*/
*/
"/
«/
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i johnxuebigecreek.com http://www.bigecreek.com

/* UBAGE:

/* dt_in --- input data sets

/* dt_index --- ouputput index data set

/* dt_out --- output data set. if dr_out is blank. the
/* cutput use same name as input file.

/¥ vari --- variable to be indexed

/* NOTE: use macro clstrout to extract dataset
/**************************t**ii*******-ktti*******it*t***t*********/

%if &dt_out= %then
%do;
proc sort data=&dt_in;
by &vari;
data &dt_index;

set &dt_in {keep=&vari);

by &vari;
retain obsf obsl 0;

if first.&vari then obsf

if last.&vari then do;
cbel=_n_;
ocutput;
end;
keep &vari obsf obsl:
run;

$end;

%else
Sdo;

proc sort data=kdt_in out=&dt_out;

by &vari;
data &dt_index;

set &dt_out {kesp=&vari):

by &vari;
retain obsf.obsl 0;

if first.&varl then obsf =_p_;

if last.&vari then do:

cbsl=_n_;
output;
end;
keep &vari obsf obsl;
run;
%end;
fmend clstrin;

Appendix B: SAS Macro Program for Using Clustered Index

%macro cilstrout (dt_ins=, dt_index=,dt_outs=,vari=, select=, keeplist=,

sti=,st2=,st3=, std=,st5=,st6=,sLt7=,stB8=,8t9=);
/*********Qt*********t***t******'_A—Q*'k****************************t**/

/* Macro program for subseting using index dataset (dt_index) x/
/* It is necessary that J.nput dataset(s) (dt_in) was created by */
/* clstrin. */
/* */
/* Program: clstrout */
/* FPunction: Extract data using custom clustered index */
/* By: Zhuan (Johmn) Xu */
/* Big Creek Scftware, Polk City, Iowa */
/* johnxu@bigcreek.com http: //www.bigoreek.com /]
/* USAGE: */
/* dt_ins --- input data sets *f
/* dt_index --- input index data sets in the order of dt_im*/
/* dt_out --- output data set */
/* vari --- indexed variable to be subsetted x/
/* select --- SAS statement for selection on vari */
/* keeplist --- imput list. *f
/* stl-st9 --- additiopal sas statement. such as keep, */
/* drop etc: *]
/* NOTE: */

/*****t*vr*******************i**i******i**iii****************t******/

/* create macro vars for input dataset and its index dataset

data _null_;
words="&dt_ins";
do i=]1 te 100;
word=scan{words,i,’ ');
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if word me '’ then
call symput('dt’ || compress{i),word);
else do;
call symput(‘dtc’,compress(i-1));
i=101:;
end;
end;
run;

/* create macro vars for the index dataset(s) of the input */
/* dataset(s) */
data _aull_;

words="&dt_index";

do i=1 to 100;

word=scan (words,i,* ‘);:

if word ne ’’ then
call symput(’dti’ || compress(i).,word):;

else do:
call symput (- dtic’ ,compress(i-1));
i=101;

end;

end;
run;

/* Verify count */
data _null_ ;
if &dtc me &dtic then
error "Number of data sets: &dtce does not match number of Index data sets: &dtich;

run;

/* Subset Index =/
%do k=1 %to adtie:
data _sel;
set &&dtisgk;
&select:
run;
/* Create macro vars for the ranges */
data _null ;
get _se2l end=enddata;
retain obsf_X obsl k 0; /* range of obs kept */
if _n_ =1 then do;
obsf_k=obsE;

obsl_k=cbsl:
end;
else if cbsf-obsl_k>1 then do; /* descret, so create Macro vars */
i+l: ‘
call symput(’£’ || compress(ak) || compress{i),compress(cbsf_k));
call symput{’l’ ]| compress(&k) || compress(i),compress{obsl_k));
obsf_k=cbksf;
obsl_k=cbksl;
end;
else
obsl_k=obsl; /% update end of range var: obsl_k */
if enddata then do; ' /* last obs, create macro vars */
i+l;
call symput('£’ || compress{&k) || compress(i).compress{obsf_k));
call symput ('l || compress{&k) [| compress(i),compress(obsl ));
call symput(’'c’ || compressz{&k), compressi{i));
end;
run;
%send:

data &dt_out;
set
%de k=1 %to &dtec:
%do j=1 %to &&c&k;
kadt&k (firstobs=&&f&k&] obs=&slsks&j
%if skeeplist= %then
)
%¥else
keep=g&keeplist)
%end;
%end;
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