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1. ABSTRACT

Saving money isuppermost inthe mindsof DP managers. and the
SAS System i3 certainly a "programmer efficient” tcol: minimal
SAS code is required to perform traditionally code intensive
lasks. Gratification and and results are immediate.

Alamiliar quote suggeststhat the SAS System iseasy touse, and
just as easy 10 abuse. Because the SAS Sysiem is becoming
increasingiy popular as a deveiopment tool, it is essentiai to
evaluate techniques for its effective use. This tutorial will
define efficiency, suggest [actors to be considered in measuring
efficiency, and provide comparisons of techniques Lhat improve
efficiency.

A primary area where the SAS System can be used more
effectively is 1/0. It should be noted that over 90% of the
processing time in any given program involves reading and/or
writing data (reference 1} This tutorial will illusirate how to
avoid unnecessary 1/0, minimize passesof the data, and controt
read-write loops.

These efficiency techniques aiso will be discussed in the
context of the various resources influencing software develop-
ment: development personnet, mainlepance personnel CPU
lime, clock Lime, region, and space.

By demonstrating the cost savings in the DATA step alone, it is
hoped that users wiil realize that aiternative techniques are
available and shouid be evaluated in their approach 10 accom-~
plishing tasks with the SAS System.

2. DEFINING EFFICIENCY

The dicticnary defines efficiency as the ratio of eflective or
useful outpul to the input in any system. In the context of our
industry and inlerests, efficiency is Lhe total input (or re-
sources} consumed or ulilized by any system or program as
compsared to some standard such as an ezisting program or
system. Qur major concern is accomplishing specific tasks with
minimal resources.

This definition is reiative, in light of the resources listed above
and two other critical elements: [requency of use and main-
tainability. As an exampie, consider a cost-oenefit analysis of
two programs A and B. Program A costs $100 o run while
program B costs $1.000 to run. Initially you might conclude
thai program A is “cheaper”. Yet. whea you consider that
program A is run daily and program B yearly, it is clear that B.
og an annuai basis, is less expensive. Because program A iscvn
so [requently, more limie and money should be invested in its
developmendt; il is critica] that it be as efficient ana maintain-
abie as possible.

Deveiopmentiand production mustbeconsidered together when
camparing alternative techniques. Figure | illusicates that
Approach Y results in a program that does not cost much to
develap, bul costs more (0 maintain and cun on a monthly basis,
Approach X resulls in a program which is more efficient, but
costs moretodevelop and lesstorunand maintaizona monthly
basis.

FACTOR APPROACH X - APPROACH Y

Development $30,000 $5.000

Maintenance $60/month $50/month

CPVY cost per run 315 $100
Pigure 1
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1t shouid be noted that monthly costsfor A are $75 versus $150
for B. Assuming that both programs are rum moathiy, the
following formulas are used to evaluate the total costs:

Approack X - $30,000 « ({ $60 + $15 ) * months)
Approach Y = 3$5.000 ~ ({ 350 - $100 ) * months)

The cost of each approach at 1, 10, 100, and 1,000 months is
illustrated in Figure 2.

TOTAL COST TOTAL COST
MONTHS APPROACH X APPROACH Y
1 30.07S S.150
10 30.750 6,500
i00 37.500 20.000
Logo $105.000 $155,000
. Figure 2

A natural question arises: How long will il be before Approach
Y becomes more cost effective? This can be answered with the
following equation:

$30.000 + (( $60 + 315 ) * months)
= 35,600 « ({ $50 + $100 ) * months)

It will be nearly 28 years before the break-even point is
ceached. Thiy anatysis suggests that efficiency is relative and
trade-offs must be considered in deciding how much effort
should be devoted o optimizing the code.

3. EFFICIENCY TECHNIQUES

This tutorial examiges 1/0 operations. and the results shouid
guide the programmer in making design decisions. A require-
ments anailysis will determine the tasks to be accomplished.
The key will be identifying which tasks have multiple possibte
solutions and which ones can be done only with a specific PROC.
a complicatea calculation. or application-specific hard-ceded
statements: Where do we have choices and what are they.

Far too often. programmers don't reaiize thal permanently
stored SAS data sets can be referenced direcity with a proce-
dure cail. Their code will make an unnecessary passof the data,
Figure 3 illusirates the right and wrong solutions.

e WRONG: III'II:
DATA TEMP: SET SASDATA.ANALYSIS: RUN;
PROC MEANS DATA=TEMP; RUN:

LELL LS R]GHT: !‘...'.:
PROC MEANS DATA~SASDATA.ANALYSIS; RUN;

Figure 3

Or, s programmer may routinety use LIST inputfor reading raw
dala, There are more efficient styles. Merely switching to
COLUMN or FORMATTED input may not reatire tremendous
savings, bul using a combination of eff iciency choices will make
a significant difference. The savings will become more siriking
when processing larger data sets.



Another area might Lhe caiculation of the percent chaage from
oneyear 1o the next. which must be done inthe DATA Step, since
no PROC applies. But calculating the average rate of rainfall
over several months can be done in the DATA Step. a PROC
MEANS, a PROC SUMMARY, etc.

If region is plentiful and clock time is limited, the choice [or

datareduction would be PROCSUMMARY. If region is tight, CPU -

time is inexpensive. and clock time is pot a factor. thea the
choice might be PROC SOKT with PROC MEANS (reference 8).

Factors influencing a decision in these cases will depend on ex-
perience, inowledge of the data, knowiedge of the site's com-
puter environment.and knowledge of Lthe SAS Sysiem. Oneof the
best resources [or {inding altecrnative approaches to typical
programming problems is the Proceedings of previous SUGI
conferences. Sections 8 and 9 (Bibtiography) of this tulorizi
site otker papers that also provide comparisons of lechniques
Tor efficiency and effeciiveness.

4, MEASURING EFFICIENCY

A prototype is defined by the dictionary as an original form that
serves as a model on which later stages are based or judged.
Prolotyping can be extremely useful in software development
to:

« develop a rough version of a system or pregram to see if its
works smoothly,

« refine requirements,

e developiwoor more programs to perform the same process
using diffecent techniques (for the purpose of compacison).

Prototypes are useful to the programmer ic judging the effec-
tiveness and efl[iciency of various lechniques. They are aiso
helpful to the end ussr for previewing the entire system and
sampie output. Changes noted during the prolotype phase are
also more easily addressed.

The basis of this tutorial is, in fact. & prolotype whick measures
efficiency. The proloitype system written 10 compare tech-
niques consists of:

» one DATA step togenerate anon-SAS testfileandaSAS data
basewith 250,00 observations and 6 variables, using nested
DO toops with embedded assignment and OUTPUT state-
ments,

e g series of DATA and PROC steps that read and write this
data using diflerent iechniques,

» an exiernal mechanism (ie. a command procedure) that
passes a different number of cbservations to each bench-
mark run.

The raw data and the SAS dala set were generated using Lhe
DATA step shown in Figure 4, directing records io an external
flat file and observations to an externally stored SAS data set.

The program required minimal changes to execute on an 1BM
3090 under MVS/XA and on 2 VAX 8700 under YMS, both
running Version 5.16 of the SAS System. The program wascug
with OPTIONS 0BS=0 t0 determine the compile time for exch
step; then the program was run with 100, 500, 1,000, 5,000,
10,000, 50,000, and finally 100,000 observations, io evajuate
the effect of data set size. A limited aumber of variables was
inciuded in the dats sets, 30 it should be noticed that the
efficiency savings in the examples to follow will be dramati-
cally increased if more variables are invoived,
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DATA SASDB.SASDATA (DROP = 1 ]);
FILE RAWDATA.:
DO TEST - 1 TO 4;
DO STATUS -1 TOS:
DO FLAG = 1 TO 10;
DO CODE= 1 TO S5:
DOI=1TO1O:
VALUE - UNIFORM(O):
D0) -1 TO2S:
RANDOM - UNIFORM(0):
OUTPUT:
PUT @1 TEST 10 STATUS
»20 FLAG »30 CODE
»40 VALUE ¢$0 RANDOM:
END:
END;
END;
END;
END:
END;
STOP;
RUN:

Pigure 4.

The foliowing 1/0 operations were compared:
4.1 readingraw data ]
LIST vs. COLUMN vs. FORMATTED input
4.2 subseétling raw data
1F..THEN vs. trailing » witk IF..THEN
4.3 reading SAS data
DATA step loop vs. DO UNTIL loop
4.4 sampling SAS data
sequential vs. direct access
4.5 DATA step activities
recoding with IF..THEN vs. PROC FORMAT
the effect of the LENGTH of variables
use of DROP, KEEP statements vs. data set options
4.6 conversions
aumeric Lo character, character to numeric
dafaull activity vs. FUNCTIONS
4.7 SAS data set maintenance
DATA step vs. PROC DATASETS
concatenation in the DATA step vs. PROC APPEND

4.1 READING RAW DATA

The three DATA siepsin Figure 5 each read the external raw
data file of 250,000 records, the first with LIST input, the
second with COLUMN, aad the third with FORMATTED input.

1a the IBM envirogment, the most notable results of these runs
were: LIST input required slightly more compile time: at 5,000
records, COLUMN and FORMATTED input were 5% more effi-
cient and at 100,000 records 7% more efficient. As suggested
earfier, this difference alone may not result in dramatic differ-
ences in execution time, but combined wilh other techniques
that should become part of your standards, the savings will be
substantial.



Method !

DATA READI;

INFILE RAWDATA;

INPUT TEST STATUS FLAG CODE VALUE RANDOM:
RUN:

”

Method 2

DATA READZ:
INPILE RAWDATA:
INPUT TEST 1 STATUS 10-11 FLAG 20-21 CODE 30
VALUE 40-55 RANDOM 60-75:
RUN:

Method 3

DATA READ3:
INFILE RAWDATA:
INPUT o1 TEST 1. @10 STATUS 2. 26 FLAG 2.
@30 CODE 1. @40 VALUE 16. @60 RANDOM 16.;
RUN:

Figure 5

Onthe VAX side. COLUMN and FORMATTED input were 3% more
efficient at 5.000 records and 8% and 9% more efficient.
respectively, al 100,000 records.

4.2 SUBSETTING RAW DATA

Figure 6 shows two techniques were compared for creating a
subset of the raw data. Tocreate SUB1, COLUMN input was used
to read eachrecord. The input sialement was followed by an [P
test, seleciing records where the value of the variable RANDOM
was <., Tocreate SUB2, only the variable RANDOM was read
initially, and a trailing » was used to hoid ihe record while the
IF test was made. Only if the test was true was the rest of the
record read in; otherwise control wasreturned to the Supervisor

without processing (reading or writing) thal observation. ‘

Methoa |

DATA 5UB1:
INFILE RAWDATA;
INPUT TEST 1 STATUS 10-11 FLAG 20-21 CODE 30
VALUE 40-55 RANDOM 60-175;
IF RANDCM < .1 THEN OUIPUT;
RUN;

Method 2

DATA SUB2;
INFILE RAWDATA;
INPUT RANDCM 60-748;
IF RANDOM < .1 THEN DO;
INPUT TEST 1 STATUS 10~11 FLAG 20-21 CODE 30

VALUE 40~55;
OUTPUT;
END;
RUN;
Figuret

Theresuitsof theserunswere dramaticfor both systems. Onthe
{BM, at 500 records, Method 2 was aiready 34% [aster and, at
1.000 records and beyond, proved to be at least 43% more
efficient. On the VAX at 500 records, Method 2 was 29% faster
and, at 1,000 records. was 33% more efficient.

4.3 READING SAS DATA SETS

Two simple techniques were used to read in the observations
from the SAS data set: the first used the DATA step itse)f as the
read-write loop. each execution of the DATA step reading, then
writing. one SAS ocbservation sequentislly. The second method
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Method |

DATA READSASI:
SET SASDB.SASDATA;
RUN;

Method 2

DATA READSAS2:
DO UNTIL (LASTREC):
SET SASDBSASDATA END-LASTREC:
OUTPUT;
END:
STOP:
RUN:

Figure 7

putthe SET statement insice a DO UNTIL loop, each passthrough
the loop processing one observation. Using Method 2, ail
erecutions of the read-write loop are contained in one execution
of the DATA step. Control is never returned to the SAS
Supervisor. Whenusing this technique, the programmer is
responsible for conirolling the read, write, and housekeeping
operations pecrtaining to the PDV. 1 is advisabie to know what
SAS Supervisor activities must be accounted for (reference 10).

On the |BM side, a noticeable savings was not realized until the
5.000 chservation mark. when Methed 2 provedtobe 1 4% more
efficient. At 100,000 observations, the difference was 15%, On
the VAX, at 5,000 observations, Method 2 was 19% faster, and,
at 10,000 observations. was 15% more efficient.

Severat of the following DATA steps will use both of the above
methods for reading SAS data, and will demonstrate thai, when
used with other efficiency techniques. the gain is greater.

Method |

DATA SAMPI:

SET SASDBSASDATA:

IF UNIFORM(0) < .2 THEN QUTPUT;
RUN;

Method2

DATA SAMPZ;
DO UNTIL (LASTREC):
SET SASDBSASDATA END=LASTREC:
IF UNIFORMI(0) < .2 THEN OUTPUT:
END;
STOP;
RUN:

Method 3

DATA SAMP3 (DROP-1);

D01+ 1 TO(20°&TOTOBS);
PTR={INT{UNIFORM(0)*&TOTOBS) + 1):
SET SASDB.SASDATA POINT=PTR;
CUTPUT;

END;

STOP;

RUN:

Figure 8

4.4 SAMPLING SA3 DATA SBTIS

Tocreate subsetsof the SAS data, three sampling methods were
used. Simple 1F tests in the DATA step read-write loop, IF tests
within a DO UNTIL loop, and direct access using the POINT-
option on the SET statement (see Figure 8).



Al 10,000 abservations, Method 2 required 15% less computer Assumed Activity

resources and at 50,000 and 100.000 proved to be 20% more PROC FORMAT:
efficient. With respect 10 Method 3, it has been shown that VALUENAME I -'PP2 =78
direct access is an efficient method when reading up to 20-25% 3 =R'4 =B
of the data sed, particulacly when the input data set isexiremely 5 =7'6 «'0
large and when “pointer files” into the data base are used 7 »'N'8 =C
(reference 4). It should also be noted that as the size of the 9 ='M10 -'E
sample decreases, direct access wiil become increasing moce RUN:
efficient.
Method 1

4.5 DATA STEP ACTIVITIES DATA RECODEL:

SET SASDBSASDATA:
The programs in this section demonstrate that “little things” IF FLAG « 1 THEN CASE = 'P":
count. When packaged togelher, the “liltle things" add up 10 1F FLAG » 2 THEN CASE = 'S%
significant savings. 1F FLAG = 3 THEN CASE ~ 'R"

1IF FLAG = 4 THEN CASE - 'B"
IF FLAG = 5 THEN CASE = 'Z'

If vour application inciudes many binary “(lags” or integer IF FLAG = & THEN CASE = ‘0";
code variables. consider representing these variables as char- IF FLAG = 7 THEN CASE - ‘N":
acter instead of numeric. As shown in Figure 9, taking four (4) IF FLAG = 8 THEN CASE = C:
varisbles in the lest dala base and converling them {rom IF FLAG = 9 THEN CASE = 'M":
aumeric length & lo chacacler tength 1 or 2 realized a 35% IF FLAG = 10 THEN CASE = 'E’;
increase in the number of observations that could be stored per RUN:
track on the IBM system. Under VMS, the original form of the
data base used 9,384 out of 9.384 blocks of 512 byleseach. The Method2
data base with the conversions used 5364 out of 5,865 blocks, DATA RECODEZ:
representing a savings of nearly 38%. SET SASDBSASDATA:
- IP FLAG « | THEN CASE = 'P";
DATA LENGTH {DROP-TEST STATUS FLAG CODE): ELSE IF FLAG = 2 THEN CASE - 'S";
DO UNTIL {LASTREC): ELSE IF FLAG = 3 THEN CASE - R"
T i e L
: = g LAG = -7,
CTATUS - ESTATYS2.X ELSE IF FLAG = 6 THEN CASE = 0"
CCODE = PUT(CODE:I:): ELSE IF FLAG = 7 THEN CASE = ‘N
OUTPUT: ) ELSE IF FLAG » & THEN CASE - 'C"
END; ELSE IF FLAG = 9 THEN CASE ~ 'M";
STOP: ELSE IF FLAG = 10 THEN CASE - 'E"
RUN: RUN;
Tigers $ Method 3
Recoding and classifications are common requirements within DATA RECODE3;
the DATA step. The methods compared iz Figure 10 are: SET SASDB.SASDATA:
IF..TEEN constcuctions. IF.THEN..ELSE statements. PROC CASE = PUT(CODENAME.);
FORMAT wilk the PUT function, ]F..THEN..ELSE statements in RUN;
a DO UNTIL loop. and ihe table look up (PROC FORMAT wilh the
PUT Lunciion) in a DO UNTIL loop. It should be noted that for : Figure 10

ihe table look up methods, a PROCFORMAT wasrun, but the CPU
cost was nol figured in the caiculations. Formatis that are

frequently used should be stored permanently in libraries, and

the cost of making them available to Lhe program is not a factor. Method 1
The PROC FORMAT that was run is incivded in Figure 10. DATA SUBSASI:

SET SASDB.SASDATA:

Because the look up lable in each case is small, the relative DROP RANDOM VALUE TEST CODE:
efficient is dilficult to detect in these exzamples, although the RUN;

differences between doing sny of the methods in a DO UNTIL

loop was at least 15% more efflicient than its DATA step loop Method 2

counterpart. )

DATA SUBSASZ:

The efficiency is apparent when the trade-of[s are examined. gﬁITsl?_éDB.SASDATA(KEEP-STATUs FLAG)

Hard-coding 1F..THEN or IF..THEN..ELSE is tedious and re- RUN:
sults in a tired programmer, a less readable program, and a
program that is not easy to maintain. Using PROCFORMAT with

the PUT function provides a readable and maintainable table Method 3
that is sepacate from the DATA siep and easier to generate and DATA SUBSAS3:
maintain; and the DAT A step code 10 perform the look up isone DO UNTIL (LASTREC)
line. For large look up iables. the PUT function ook up is SET SASDBSASDATA(KEEP-FLAG STATUS)
accomplished by a balanced binary search which is more BND'LASTFBC:
efficient than the boolesn tests reguired for [F..THEN..ELSE OUTPUT:
statements (reference 2). ggp
RUN:

The aumber of variablesread into s DATA step or omitted from
the output data set has an impact on the buffer sizes nnd makes

2 “little" contribution 10 the efficiency of the DATA step. DROP Figure 11
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and KEEP statements can be used in the DATA slep, as shown in
Figure 11. Method 1, which does nol change the number of
variables read in. only those included in the output data set. But
DROP and KEEP can also be effectively used as input data set
oplions, Method 2, whick limits the number of variables ini-
tially read into Lhe Program Data Vecior.

On the 1BM, a 1 3% savings can be realized by combicing the use
of lhe input data set options with a SET inside a DO UNTIL loop.
Onthe VAX, a 37% savingswasrealized. [f you are dealing with
data seis wilh a substantial number of variables. the savings
will be more dramatic.

Methoad |

DATA CONVERTI!;
LENGTHXS$2YS$ I;
SET SASDBSASDATA:
L-FLAG:

Y-CODE:

RUN:

Method 2

DATA CONVERTZ:
LENGTHXS$2Y$ 1;
SET SASDBSASDATA;
X~-PUT(FLAG.2.):
Y-PUT(CODE.1.):

RUN:

Method 3

DATA CONVERT3:
LENGTHXS$2Y$ I:
DO UNTIL (LASTREC):
SET SASDBSASDATA END-LASTREC;
X-PUT(FLAG.2.):
Y-PUT(CODE,1.);

4.6 CONVERSIONS

Character o numeric, and numeric to character. conversions
occur when:

e incorrect argument types are passed to a function
= comparisons of unlike type variables occur

e performing type-specific operations (arithmetic) or con-
catenation (character only)

The rule should be to perform any necessary conversions
yoursell and not alfow Lhe defaylt conversicns, which may yield
unexpected or undesired resuils, As shown in Figure 12.
Method | aliows SAS to do the conversions, default techniques
prevailing. Method 2 illusirates numeric to character conver-
sion using the PUT function. Character 10 numeric would be ac-
complished using the [NPUT function. Method 3 places the
programmer contrelled conversion techmques inside a DO
UNTIL loop.

Oz the IBM side, at 10,000 observations there is an 8% differ-
ence between Method ] and Method 3.0nthe YAX, at 10.000 ob-
servations there is a 34% difference. Not only are savings
realized, the programmer is confident of the conversion resuits.

4.7 DATA SET MAINTENANCE

Two mazictenance activities are evajuated in this section: con-
catenation of SAS data seis and modifying elements of the data
sel: changing a data sel name, changing variables names, and
adding LENGTH and FORMAT attributes to existing data sets.

Concatenation can be performed in the DATA step by naming
twoor more data seis on one SET statement; by default they will
be concatenated. Figure 13 shows concatenation of two data sets
previously created. SAMP1 and SAMP2, in a DATA step
loop(Method 1) and a DO UNTIL loop (Method 2). Method 3
iltustrates the use of PROC APPEND to identify a “base«" data

DATA ALLZ:
DO UNTIL (LASTREC):
SET SAMPL SAMP2 END-LASTREC:
OUTPUT;
END;
STOP:
RUN:

Method 3

PROC APPEND BASE=SAMP! DATA-SAMPZ FORCE:
RUN;

Figure 13
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Egll.;.TPUT. set mod append a “data=" data set,
STOP: '
RUN: Onthe IBM, with SAMP1 and SAMP2 of equal size, Method 2 was
12% more efficient than Method 1. and Method 3 was65% more
Figure 12 efficient than Method 1. Oa the VAX side, Method 2 was 26%
more efficient than Method 1 and Method 3 was 0% more
efficient than Method 1. The size of the data sets will be
tremendousfactor when using the SET statement code examples,
whereas Lhe size of the data sets is inconsequentiat to PROC
APPEND.
DATA ALLI Method |
y DATA SASDB.NEWNAME;
SET SAMP1 SAMP2: SET SASDBSASDATA;
RUN; RENAME FLAG-TESTFLAG:;
LABEL STATUS = "‘PATIENT STATUS AS OF 1/1/8%"
Method 2 VALUB - ‘TEST RESULTS FOR WEEK OF 2/15/8%"

TEST «'TEST TYPE"
FORMAT STATUS RANDOM 8.4;
RUN:

Method 2

PROC DATASETS LIBRARY-~-SASDB:
MODIFY SASDATA;
RENAME FLAG-TESTFLAG:
LABEL STATUS = 'PATIENT STATUS AS OF 1/1/88"
VALUE - TEST RESULTS FOR WEEK OF 2/15/88"
TEST = ‘TEST TYPE:
FORMAT VALUE RANDOM 8.4;
RU!?ANGB SASDATA=NEWNAME;

Figure 14




The need to modify existing datasetscanbest be met with PROC
DATASETS. as illustirated by the two exampies in Figure (4.
Method | reads a SAS data sel, changes its name, renames a
variable, and aads LABELs and FORMATSs to subsets of vari-
ables: but the activity takes pilace in a DATA step, reguiring a
pass of the DATA 1o accomplish the maintenance. PROC DA~
TASETS, bowever, deals with the descriptor portion of the data
set only, eliminating the nesd {0 pass ihe data even once.

Onthe |BM. a1 5,000 observations, PROCDATASETS is 36% more
efficient And on the VAX. PROC DATASETS is 98X more
efficient. The number of observations will affeci DATA step
processing, but will not have any implications with PROC
DATASETS.

5. THE BEST NEWS

The mostdramaticresuitsof Lthe prolotype were seen by simply
evaluating the difference between reading raw data and SAS-
stoced data. A comparison of the simple data steps shown in
figure |6 wasremarkable.

Method |
DATA READIL:
INPUT TEST ! STATUS 10-11 FLAG 20-21 CODE 30
VALUE 40-55 RANDOM 60-75:
RUN:

Method2

DATA READSAS];
SET SASDB.SASDATA:
RUN:

Figure 1S5

Reading 100.000 observations using Method 2 proved 73 % more
efficient under IBM and 81% moce efficient under VAX, These
resuits strengiien e argument that daia siould be stored in
SAS format—il is self-documenting, easy to maintain. and
cheaper 10 process.

6. CONCLUSIONS

The relative efficiency of operations or PROCs may vary from
Version Lo Version ag the SAS System is upgraded, bui ihe [un-
dameniails of good design, an open mind, and cogsisient use of
acombination of basic efficienacy techniques will aiways apply.

7. OTHER PROTOTYPES

The focus of Lhis Lutorial was to measure the celative efficiency
of different DATA step techniques and provide guidelines for
prototyping other programs or systems. Similar “prototypes”
ezist that provide comparisons of methodoiogies:

* performiag table look up IF.THEN.ELSE vs. PROC FOR-
MAT with the PUT fuaction vs. binacy search vs. hashing
algorithms (references 2 and 3),

e PROC TABULATE applications (ceference 11),

» data reduction and summarization DATA step vs. PROC
MEANS vs. PROC SUMMARY vs. PROC UNIVARIATE (cefer-
ence 8),

« processzing large data sets (references 6 and 7),
e testing SAS :cograms (reference 3),

« subset seiection (reference 12),

e toolbozes (reference 9).

10.

l1.

12.
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