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I. INTRODUCTION

Some data processing tasks require reading large external
files (the "haystack”) in order to find and extract records
that satisfy very specific criteria (the "needlie™). In some
cases millions of records are read to find a few. This can
be a costly undertaking, especially if it requires extensive
sorting/matching.

This paper examines a technique to efficiently accomplish
this task. Using a case study, we describe a health care
application designed to screen insurance company claim
files for patients with specific diagnoses. The objective is
te select the records meeting the diagnosis criteria, plus all
other records for sach individual, even records occurring
earlier in the file. We also contrast this technigque with
other more commonly used approaches, comparing
resource requirements for CPU time,

li. PROCESSING REQUIREMENTS FOR A HEALTH
CARE APPLICATION

We often face the task of extracting information for
specific diagnostic conditions from multi-milion record
external (non-SAS’) filas. Once we have identified records
having the diagnostic conditions of interest, we then have
to find all other records for the individual, regardless of
their diagnostic condition or location in the fite. This task
has many efficiency issues, such as minimizing passes
through the external file and minimizing or even avoiding
sorting.

The first twenty records in the external filte might fook like
the sample displayed in Exhibit 1, with the columns
containing the following information:

Column Description
1 Person identifier code
2 Diagnosis code #1
3 Diagnosis code #2
4 Diagnosis code #3
5 Diagnosis code #4
6 Variable #1

7 Variable #2

8 Variable #3

9 Variable #4

10 Variable #5

Note: In this case study we are interested in finding people
with diagnoses for brain and spinal cord cancer, where the
diagnosis codes are in the range of 1900-1929 and 1943-
1944, Zeros in the diagnosis code fields are simply fifler,
they have no clinical meaning.

EXHIBIT ¥
Sample Data From External File
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123AAA 1900 9000 000D 0000 11 2 4
44 55
&
[
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123AAA 1900 0000 0000 0000 1t 22
123AAA 9999 0000 0000 0000 11

22 4 55
234888 9999 0000 0000 0000 11 22

22

22

4 55

duyey

234888 1920 0000 0000 0000 11 44 55
234BBB 1929 0000 0000 0000 11 3 44 55
345CCC 1929 0000 0000 D0OD 11 22 33 44 55
455DDD 9999 0000 0000 0000 11 22 33 44 55
456DDD 9999 0000 0000 0000 11 22 33 44 55
SA7EEE 9999 0000 0000 0000 11 22 33 44 55
S6TEEE 1944 0000 0000 0000 11 22 33 44 55
567EEE 9999 0000 0000 0000 11 22 33 44 55
&7BFFF 9999 1900 D000 0000 11 22 33 44 55
789666 9999 9999 1900 0000 11 22 33 44 55
8P0HHH 9999 9999 9999 1900 11 22 33 44 55
901111 1900 1920 1929 1943 11 22 33 44 55
012440 9999 9999 9999 9999 11 22 33 44 55
012445 9999 9999 9999 9999 11 22 33 44 55
4£56DDD 1943 0DOO 0000 0000 11 22 33 44 55
454DDD 9999 0000 G000 0000 11 22 33 44 55

]

You can see from this example that the data cantain several
features.

[+ ]

L]

Each person can have multiple records.
Each person can have multiple diagnoses per record.

The cancer diagnosis codes can occur in any of the
four diagnosis code fields. :

Records with cancer diagnoses can be preceaded or
followed by other non-cancer records for the
individual,

In addition to the diagnosis code fields, there are other
fields of interest on the record that must be extracted
for subsequent anatysis.

Data for a single person can appear anywhere in the
File.

There are many ways to develop code that can deal with these
processing issues. However, given the significant amount of
data volume, we focused on techniques that would increase _
processing efficiency.

HI. CODE DEVELOPMENT

In the examples that follow, we will step through the code that
we developed, with each step adding to the processing
capabilities of the former.

Ex

1: ing the Values of a Si Variable

We consistently used the format technique for table Jookup.
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This approach is easy to code and maintain. It also
provides the framework for mara complex table lookup
tasks, particufarily where the table information is prone to
change.

The FORMAT procedure that follows creates’ a format
which defines the diagnosis code ranges for brain and
spinal code cancer.

PROC FORMAT;
VALUE $DX 71900 - 19297 = SKEEP*
19637 - r1944¢ = JREEps
OTHER = ’DROP*;

The DATA step below reads the four diagnosis code fields
from the external fila (see Exhibit 1} and outputs only the
records cantaining a diagnosis code in the first diagnosis
field (DIAG1} in the range specified by the format $DX.

BATA FILTER;
INFILE ‘C: \wsusmmn'-
INPUT 38 DIAGT $4.
213 DIAG2 $4.
818 DIAGS $4.
323 DIAGE $4_;
IF PUT(DIAG1,SDX.) = 'KEEP’;

While this DATA step certainly works, there is a simple
modification that will greatly increase processing efficiency.
By using the trailing @-sign to evaluate the first diagnosis
code field {iDIAG1) for the codes of interest, we will read
the remaining fields only after determining that we want to
output the record.

DATA FILTER;
INFILE fC:\MJSUG\RAWIN';
INPUT 3B DIAGYT S4. 3;
IF PUT(DIAG1,SDX.) = 'KEEP’ THEN DO;
i%PUT 313 DIAGZ 84,
818 DIAGS 84
@23 DIAGK 84 ;
outPuT;
END;

The resulting data set would contain the observations
displayed in Exhibit 2.

EXHIBIT 2
Records With Cancer Diagnosis in DIAG1
oBs DIAGY DIAG2 DIAG3 DIAGA
1 1900 aonD 0000 0000
2 1900 0000 0000 0000
3 1820 0000 0000 0000
4 192% 00C0 0000 0000
5 1929 0000 000 0000
6 1944 0000 0000 0000
7 1900 1920 1929 1043
8 . 1943 0000 0000 o000
Example 2 :

the Values of Multiple Variables

" The next DATA step adds more functionality by allowing us
to examine all four diagnosis code fields for the cancer
codes.

DATA FILTER;
INFILE *C:\MISUG\RAWIN’;
INPUT 38 DIAGY! $4.
a13 DIAG2 $4.
@18 DIAGS 4.

323 DIAGE $4. 3;
ARRAY D{4} $ DIAG1-DIAGS;
=170 4&;
IF PUT(D{1),8DX.) = 'XEEP’ THEM DO:
OUTPUT;
oo;
END;

Unfortunately, this approach will output the record each time a
cancer diagnosis code appears in any of the four diagnasis
variables. The DATA step below addresses this problem and
only outputs a cancer record once, regardless of the number of
cancer diagnosis codes present.

DATA FILTER;
INFILE "C:\MJSUG\RAUIN’;
INFUT 88 DIAGY $4.
@13 DIAG2 $4.
818 DIAGT %4,
223 DIAGE 4. @;
ARRAY D{%) $ DIAG1-DIAGL;
KEEP IT =t ¢
=17104 IH'I'!L(KEEP IT = 7YES*);
IF PUT(D{I},SD! ) = TKEEP’* THEM KEEP_IT =
f"Es.-
END;
IF KEEP_IT = 'YES’ THEN OUTPUT;
DROP KEEP_IT 1;
END;

The resulting data set would contain the observations displayed
in Exhibit 3.

EXHIBIT 3
Records With Cancer Diagnosis in DIAG1-DIAGA

oss DIAGY DIAG2 DIAG3 DIAG4

1 1300 0000 0000 0000

2 1900 0000 0000 0000

3 1920 oco0 0000 £000

4 1929 0000 0000 ©000

5 1929 0000 0000 0000

6 1944 0000 0000 0000

7 9999 1500 0000 0000

8 9999 9999 1800 0000

[ 9999 9939 9993 1200

10 1900 1920 1929 1943

1" 1943 0000 0000 0000
Example 3 : Cre 8 Loo Fle For Use in the
MWMMOWMMVaMHmw
Loolam File

Having built a foundation for efficient fittering, we now move to
the actual task we faced in the case study. In addition to
identifying people with cancer diagoses, we also needed to
extract all their non-cancer racords as well. Thesa other records
could occur any place in the file. Keeping our objectives in mind
for minimizing sorting and passes through the external file, we
built upon the format approach for table lookups as foliows.

We started by creating a control data set that would be fed into
the FORMAT procedure. The PROC FORMAT would produce a
user-defined format where the format range and labe! would
consist of individual patient identifier codes for the patients with
cancer diagnoses. Essentially, this gave us the equivalent of a
lookup file that could ba used to filter the external file {primary
file) for alf observations containing any value from the lookup
file. This approach would allow us to avoid the massive sorts
required for a match-merge, and therefore save significant CPU
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processing time.

The first DATA step builds the control data set that
conforms to the control data set structure required by
PROC FORMAT. For a complete discussion of control data
sets see the article by Thomas Haht in Observations’, First
Quarter 1992,

DATA IDS (KEEP=PERSONID FNTNAME START LABEL TYPE
HLO);

INFILE Cz\MISUGYRAWIN' ;

RETAIN FMTRAME IDS’;

LENGTH START LABEL § 6;

IF W = 1 THEN DO;

START = TOTHER /;
LABEL = "X¢;
TYPE = ’C’;
WMo = 'o’;
OUTPUT;

END;

INPUT @1 PERSONID $5.
8 DINGT 8%,
13 DIAGZ %5,
1B DINGS  Sh.
23 DIAGE  $4. B;
ARRAY D(4) $ DIAG1-DIAGE;
KEEP_IT = ¢ *;
DO I = 1 TO & UNTIL(KEEP_IT = ‘YES');
IF PUTCDCI),$0K.) = 'KEEP’ THEN DO;

KEEP_IT = 'YES';
START = PERSONID;
LABEL = PERSONID;
TYPE = *C;
HO =7
EWD;
END;

IF KEEP_IT = *YES’ THEN OUTPUT;

This DATA step searches each record in the external file for
cancer diagnoses and creates a control data set that
comtains the person identifier code (PERSONID) for each
cancer patient. The output is displayed in Exhibig 4.

EXHIBIT 4
Control Data Set

OBS FMTNAME STARY LABEL  TYPE HRO PERSONID

1 108 OTHER X c 0

2 108 123AAA  123AAA C 123800
3 1S 123AAA  123AAA C 123AAA
b IDS 234888 234BBB C 234888
5 1DS 234BBB 234888 C 234888
6 108 355¢ccc  345ccc © 345ccC
7 10§ S6TEEE S6TEEE C S&7EEE
8 108 &7BFFF  67BFFF C 678FFF
9 108 789666 789666 C 789666
10 108 890HHR B90HHW C 890HHH
11 oS Q01111 901IHI1 C 901111
12 108 456DDD  4560DD C 4560DD

After sorting the dataset to eliminate duplicate values for
PERSONID, the data set displayed in Exhibit & is read by
PROC FORMAT to create the $IDS format which is
displayed in Exhibit 6.

PROC SORT DATA=IDS NODUPKEY OUT=SORTED;
BY CLNID;

EXHIBIT 5
Input to FORMAT Procedure

OBS  FMTNAME START LABEL TYPE HLO
1 1S OTHER X C 0

2 10§ 123ARA 123AAA c

3 108 234BB8 234888 C

4 10§ 345cCCC 345cCC [+

5 108 454DDD 456DDD c

) DS S567EEE S67EEE c

7 DS S7T8FFF G78FFF c

8 ips 7B9GGE 7TB9GGG [

9 1DS BYOHHY BOOHMH c

10 1ps Q0111tL 901511 t

PROC FORMAT
CNTLIN=SORTED (KEEP=FMTNAME START LABEL TYPE
HLO);

A final DATA step is used to reread the external file in order to
select all the records for each cancer patient by using the $10S
format to filter for the person identifier codes (PERSONID) for
the cancer patients. The additional variables for the analysis are
also read at this time.

DATA FILTER;
INFILE *Cz\MWSUG\RAWIN";

INPUT @1 PERSONID $6. 3;

IF PUT(PERSONID,$IDS.) NE X’ THEN DO;
INPUT @ B DIAGT $4.

@13 DIAGZ S4.
@18 DIAGS $4.
@25 DIAGE S&.
@28 VARS 2.
31 VARG 2.
@34 VARY 2.
837 vARS 2.
840 VARD .3
QUTPUT;

END;
The resulting dataset is displayed in Exhibit 7.

Two alternatives to this filtering approach were developed and
tested. Both alternatives used the more traditional match-merge
requiring two sorts. The first alternative read the entire record
from the externat file during the initial pass while the second
alternative used an additional DATA step for that purpose. The
code for both alternatives is contained in the Appendix.

V. RESULTS

Using a test dataset of 100,000 observations, Example 3 and its
alternatives were evaluated on a 66 MHz 486 machine with 16
MB of RAM. CPU utilization comparisons are displayed in
Exhibit 8.
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EXHIBIT 6
Output From FORMAT Procedure

e e e v ek mn e S am e M MR B Em e e W s En e MR MR AR m S Gm R GE R R MM SR S MR M G e e e e G W e e em B e e e e M em e M M e e mr me me e wr e o -

FORMAT NAME: $IDS LENGTH : 6 =~ NUMBER OF VALUES: 10
MIN LENGTH: 1 MAX LENGTH: 6 DEFAULT LENGTH 6 FUZZ: STD
START | END |[LABEL (VER. 6.03 22APR94:16:12:29)
________________ B R il S e ey S S VU U
123AAA 123AAA 123AAA
234BBB 234BBB 234BBB
345CCC 345CCC 345CCC
456DDD 456DDD 456DDD
567EEE 56 7EEE ' 56 7EEE
678FFF 678FFF 678FFF
789GGG 789GGG 789GGG
8 9OHHH 890HHH 890HHH
901111 901IIX 901IIX
OTHER OTHER X
EXHIBIT 7

Complete Extract

0Bs CLMID DIAG1 DIAG2Z DIAG3 DIAG4 VAR5 VAR6 VAR7 VARB VAR9
1 123AAA 1900 0000 0000 0000 11 22 33 44 55
2 123AAA 1500 0000 0000 0000 11 22 33 414 55
3 123AAA 9999 0000 0C0o0 0000 11 22 33 44 55
4 234BBB 9999 0000 0000 0000 11 22 33 44 55
5 234BBB 1920 0000 0000 0000 11 22 33 44 55
& 234BBB 1929 0000 0000 0000 11 22 33 44 55
7 345CCC 19%92¢% 0000 - 0000 0000 11 22 i3 44 55
8 456DDD 9999 0000 0000 0000 11 22 33 44 55
9 456DDD 9999 0000 0000 0000 11 22 32 44 55
10 456DDD 1943 0000 0000 0000 11 22 33 44 55
11 456DDD 9599 0000 0000 0000 11 22 33 44 55
12 567EEE 9999 0000 0000 0000 11 22 33 44 55
13 S567EEE 1944 0000 0000 0000 11 22 33 44 55
14 567EEE 99559 0000 0000 0000 11 22 33 44 55
15 678BFFF 9999 1s00 0000 0000 11 22 33 44 55
16 789GGG 9999 9999 1900 0000 11 22 33 44 55
17 890HHH 9999 9999 9999 1900 11 22 33 44 55
18 901II1I 1900 1920 1929 1943 11 22 33 44 55

Proceedings of MWSUG '94 Basic Tutorials 155



EXHIBIT 8
CPU Utilization in Seconds

Activity Exsmple 3 Alternatve 1 Ahternative 2

FORMAT procedure ] n's nia
OATA step 108 194 103
SORT procedure 1 1 1
SORT procedure n/a : 120 a7
FOHMAT procedwe R /s nfs
DATA step as az 141
DATA step n/a n/a 38

Total 147 352 368
V. SUMMARY

Filtering techniques that can avoid the overhead of the
match-merge will achieve great savings in CPU utilization.

REFERENCES

Hahl, Thomas J., "Creating Formats with Control Data Sets
Using the FORMAT Procadure”, Observations™, Vol.1T No.2,
pp. 30-34, SAS Institute, Inc.

SAS is aregistered trademark or trademark of SAS Institute
Inc. in the USA and other countries. ® indicates USA
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Other brand and product names are registered trademarks
or trademarks of their respective companies.
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* ALTERNATIVE 1 TO EXANPLE #3 :
DATA CLAINS IDS (XEEP=PERSOMID);
INFELE ‘Cz\MRSUG\RAMIN’;
INPUT @1 PERSONID $5.
8  DIAGS $4.
213 pIAG2 $4.
@18 DIAGS S4.
823 pInGs $%. &
ARRAY 0{4) $ DIAGI-DIAGS;
KEEP IT= L
Dol =1 m 4 IHTIL(KEEP IT = fYES?);
IF PUT(DLI),SDX.) = *KEEP’ THEN DO;
KEEP_IT = ’YES’;
END;
END;
IF KEEP_1T = ’YES’ THEN OUTPUT IDS;
INPUT VARS 2.
231 VARG 2.
@34 VART 2.
@37 VARS 2.
840 YARY 2.;
QUTPUT CLAINS;

PROC SORT DATA=1DS NODUPKEP OUT=SORTIDS;
BY PERSONID;

PROC SORT DATA=CLAINS;
BY PERSONID;

DATA FILYER;
MERGE CLAINS SORTIDS (IN=KEEP);
BY PERSOMID;

IF KEEP;

APPENDIX

* ALTERNATIVE 2 TO EXANPLE &5 ;
DATA IDS (KEEP=PERSONID);
INFILE "C:\MUSUG\RAUIN';
INPUT @1 PERSONID 36.
a8 DIAGT 35,
a13 DIAGZ 85,
218 DIAGS  $5.
273 DIAGG  $4. 2;
ARRAY D(4) $ DIAG1-DIAGS:
KEEP Iw=r s;
= 1 70 & UNTIL(KEEP_IT = *YES*);
IF PUTCDCI3,$0X.) = *KEEP* TREN DO;
KEEP_IT = *YES’;
END;
m-
IF KEEP_IT = *YES® THEN OUTPUT IDS;

PROC SORT DATA=IDS NODUPKEP DUY=SORTIDS;
B8Y PERSONID:

DATA CLAINS;
INFILE #C:\MUSUG\RAWIN';

INPUT @1 PERSONID $6.

a8 DIAGH $4.
a3 piaG2 %4,
318 DIAGS  $4.
423 pIAGE  $4.
28 VARS 2.
@31 VARG - 2.

834 VAR7 2.
a7 VARS 2.
840 VARS -

PROC SORT DATA=CLAINS;
BY PERSONID;

DATA FILTER;

MERGE CLAIMS SORTIDS (IN=KEEP):
BY PERSONID;
IF KEEP;
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