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Put on the SAS® Sorting Hat and Discover Which Sort is Best for You!
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ABSTRACT‘

Sorting in SAS® is an expensive process in terms of both time and resources consumed. In this session,
prepare to explore some of the common and lesser known sorts that SAS provides. Become like the
sorting hat in Harry Potter! Instead of waiting with baited breath for your team (or data) to be sorted, get
the inside scoop and learn about the dynamic processes that go on behind the scenes during sorting that
will enable you to pick the very best sort for your circumstances. Learn about some fantastical, magical
SAS sorting teams: bubble sort, quick, threaded and serpentine. Behold the effervescent bubble sort! In a
hurry? Take a look at the quick sort. Looking for superior efficiency? Consider the threaded sort. See how
the hissing serpentine sort in SAS, like the slithering serpent Nagini sliding surreptitiously through walls,
can come in handy! Which sort will you choose — or which sort will choose you?

INTRODUCTION ,‘,

Sorting of data is one of the most ubiquitous needs in SAS programming, whether the requirement is the
need to vertically sort data, or sort arrays (horizontal sort). Vertical sorts arrange data across
observations, by one or more variables. Horizontal data sorting sorts data across variables — for example,
if a data set contains information for ten hospital visits, perhaps these visits need to be sorted by visit date
or visit type. As with vertical sorting, horizontal sorting may need to be performed using one or more
variables. Additionally, PROC SORT options can provide a SAS practitioner with the means to customize
the order of variables and records within a data set and methods to enhance efficiency: for example, the
TAGSORT and collating options such as ASCII or FINNISH. It is also possible to sort data via procedures
other than PROC SORT, such as PROC REPORT, PROCs with CLASS statements, and PROC SQL.

SAS does not provide a function or call routine for the sorting of arrays (horizontal sorts). Horizontal sorts
can be most helpful and can illuminate trends in data. It is left to the SAS practitioner to find a macro
routine to perform a horizontal sort, or write one themselves. Techniques used to perform horizontal sorts
include do-loops, arrays, transpose, etc. Two existing routines to perform horizontal sorts are the bubble
and quick sorts, both described in this paper.

Vertical sorts are most common in SAS, and can be accomplished using a variety of techniques, including
PROC SORT (and options), PROC SQL (order by) and implicit sorting (sorting by means of procedures
other than PROC SORT (and options.) A sort option (THREADED) and an example of implicit sorting
(PROC SURVEYSELECT) will be discussed in this paper. Some lesser known but useful options will also
be discussed in this paper.

THE SORTING HAT

In order to determine the best sorting technique in a given situation, SAS practitioners must carefully
evaluate both the current data structure of the table to be sorted and the desired output. Key questions
that must be answered are whether or not the data elements to be sorted exist in a horizontal or vertical
structure. Subordinate questions include: whether the data set to be sorted is small, medium-sized or
large? Does the data set to be sorted have few or many variables? How much disk space / memory is
available? Is time of the essence? How many key variables are in the data set to be sorted? What
purpose is the data set to be sorted destined for? What language are the data to be sorted? Can the data
set to be sorted be manipulated or pre-processed to facilitate sorting?

TRANSFIGURATION CLASS —~



There are many ways to sort a file in SAS, and many excellent papers discussing various methodologies
(please see the reference section below). This presentation reveals four more esoteric SAS sorting
techniques, with the hopes that readers will follow their curiosity to learn more about each of these
fantastical sorts! Two horizontal sort options will be explicated; the bubble and quicksort algorithms.
Vertical sort options include a sort with the THREADS option; and an implicit technique within PROC
SURVEYSELECT, a serpentine sort. For smaller data sets with fewer variables which require a horizontal
sort, the bubble sort is the answer. For larger data sets which require a horizontal sort, the quick sort is
the answer. For greater efficiency and processing sped in a vertical sort, a threaded sort is the answer.
The CONTROL statement in PROC SURVEYSELECT has a default hierarchical (serpentine) sort for
complex survey sample designs. We will discuss these four sort techniques below.

BUBBLE SORT

The bubble sort is the most frequently used horizontal sort, and is appropriate for data sets with items to
be sorted arrayed horizontally, for example type1, cost1, type2, cost2, etc.. The name comes from the
fact that smaller values continuously move to the top, bubbling up, as the process iterates. Array
processing is a key element of this sorting technique. Arrays are set up to hold variables or values, and
then do loops and conditional processing are utilized to compare adjacent variables or values repeatedly
to reorder the variables or values. This method takes a given array of values or variables representing
values and iterates through the array comparing each adjacent value and swapping until there are no
more swaps and the correct order is confirmed.

Usage:
Data b;
Set a;

Array c(3) diastbpl-diastbp3;
Do i=1 to 3;
Do j=1 to 3-1i;

If c(j) < c(j+1l) then do;
Temp=c (J); c(j)=c(j+1);
C(J+1l)=temp;

end;

end;
end;
Run;

This snippet of code results in a sorted list (descending) of blood pressure values.

QUICK SORT

The quick sort is also an algorithm designed to sort horizontally, first conceived by Tony Hoare in 1960. It
is an early example of parallel processing in that it works by dividing a list of data values into successively
smaller lists, iteratively choosing a pivot value, and continuously changing the array. It is more complex,
and more efficient, than the bubble sort. QuickSort in SAS is a data step construct that mimics the
Hoare's QuickSort algorithm. The code for SAS implementations is complex and verbose, therefore it is
not demonstrated here. Please see an excellent paper by Paul Dorfman and a Wikipedia article on
QuickSort, mentioned in the references section of the paper, for additional information.

The quicksort algorithm is extremely efficient for sorting arrays within larger data tables. The progressive
division of the arrays into smaller and smaller segments makes the processing much faster than the
bubble sort. However, coding a custom variation of the algorithm is arduous. Luckily, there are macros
such as Paul Dorfman’s Qsort macro that are readily available to modify. There are variants of SAS
Quicksort to accommodate parallel arrays and other complex scenarios.

THREADED SORT &



SAS has provided the option to take advantage of multiple processors in selected procedures since
Version 9.2, improving performance. The THREADS system or procedure option allows parallel
processing. The number of CPUs to use can also be specified. This enhances PROC SORT performance
on large tables, increasing speed as the data set size increases.

The THREADS and NOTHREADS options turn on or off the ability to access multiple CPUs in selected
SAS procedures including PROC SORT. These options can be applied on the system or procedure level.
In addition, the CPUCOUNT system option allows you to select the number of CPUS.

Usage:

Options threads cpucount=4;
Proc sort data=yourdata; ..

To determine the number of CPUs on your system:

Proc options group=performance;
Run;

Check your log for the CPUCOUNT data.

SERPENTINE SORT E

PROC SURVEYSELECT facilitates the drawing of a valid, stratified, random, proportional sample. PROC
SURVEYSELECT utilizes either a nested sort (more commonly used in SAS) or a serpentine sort to
stratify by strata (if requested) and then within strata sorts by control variables, swapping between
ascending and descending order. A serpentine sort is the default (SORT=NEST, more commonly used in
other SAS procedures, may also be requested). PROC SURVEYSELECT’s serpentine sort arranges
records by strata (if requested) and then within strata sorts by control variables, swapping between
ascending and descending order. This method attempts to ensure robust representation of all values in all
control variables in a sample.

Usage:

proc surveyselect data=tobesampled
method=sys seed=87654321
sampsize= (360 360 360 120) out=lib.sample0l;
strata sampcat;
control census region rural;
id provider; -
run;

Check your log for the Control Sorting information:

Control Sorting Serpentine

YOU’VE GOT OPTIONS ‘

Perhaps, like Harry and Neville, you are wondering if the SAS Sorting Hat was correct. We’ve looked at 4
magical methods to sort SAS data — now consider additional sort options and explore the beyond — the
possibilities inherent in implicit sorting in SAS. Adding some sort options and/or preprocessing your data
may reassure you that the hat chose wisely.

PROC SORT options may provide the answer to your remaining questions! Please see SAS
documentation for more information on any of these options.

e Dealing with duplicates? Try NODUPKEY, NODUPRECS, DUPOUT=; NOUNIQUEKEY,
UNIQUEOUT=



¢ Need to use a different ordering scheme? Try the DESCENDING, REVERSE, SORTSEQ-=,
standard collating sequences, ALTERNATE_HANDLING, STRENGTH options

e Dealing with large files? Use the TAGSORT, THREADS, NOTHREADS; SORTSIZE=
e Have multiple records per key? Try the EQUALS and NOEQUALS options
e |s your data already sorted? How do you know? Use the PRESORTED and FORCE options

o Does another method for the SORT-SORT-MERGE quandary make sense? Consider PROC
SQL, PROC FORMAT, HASH, and INDICES

¢ Need to retain an original file date-time stamp on your output file? Try the DATECOPY option

IMPLICIT SORTING #}

A number of processes, SAS procedures, and SAS statements can perform implicit sorting and reorder
records and variables in output data sets. It may not be necessary to use a sort method at all. Please see
the SAS documentation for details on the implicit sorts listed below:

e CLASS STATEMENTS (numerous procedures and options)
e ORDER STATEMENTS (data, formatted, freq and internal)
e PROC SQL ORDER BY, GROUP BY, _METHOD

e BY NOTSORTED

e BY GROUPFORMAT

e Indices (Simple, Multiple, and Unique)

e Hash objects

e PRELOADFMT

e PROC TABULATE

¢ PROC REPORT ORDER, ORDER=

CONCLUSION

Lesser known and less frequently used SAS sorting techniques such as the bubble sort, the quick sort,
the threaded sort and the serpentine sort can greatly enhance your SAS toolbox. Additionally, PROC
SORT options and implicit sorts in SAS procedures may facilitate your work. Put on the SAS Sorting hat
today and try these techniques out today!
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