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SAS USERS DESCRIBE APPLICATIONS TO COMPUTER SYSTEM MANAGEMENT

Two papers were recently presented
that describe using SAS to make under-
standable the computer performance data
generated by IBM's System Management
Facilities (SMF). In SHARE's Computer
Measurement and Evaluation Project
Session (B3@1l; August 28, 1974),

Barry Merrill of State Farm Mutual
o Insurance Company, Inc., Bloomington,
i -nois, discussed "Statistical Analysis
of SMF Performance Data." At GUIDE 39,
November 6, 1974, Session .0PS-1, Steve
Cullen, also of Sta%; Farm Mutual and
Soli Dastur of Proctgr and Gamble Company,
Circinnati, Chio, jointly presented
"Statistical Analysis of SMF Data."

Both papers detail how SAS is applied
to SMF data. We quote the introduction to
the papsr of Messrs. Cullen and Dastur:

SMF, despite its many shortcomings and
omissions, is without a doubt the best
source of performance data about a
computer system because the voluminous
amount of data is so egsy to collect.
But at a large installation like State
Farm Mutual Automobile Insurance Company,
the volume of data collected can be over-
whelming. (Two 155s, a 165, and a 168
cveate in excess of 700,000 records
weekly describing the processing of about
10,000 bateh jobs and almost 1,8C0 TSO
2ssions.) Such a volume of data is

—mpressive but of little value unless a

means of reducing it to a reportable
size and format is available. COur
early attempts consisted of writing
programs to reduce SMF records by type.
The result was a group of “homegrown"
programs which produced large amounts
of paper. Fortunately, in 1972, we
discovered a better way -- the Statis@
cal Anelysis System.... SAS gave us the
facility to create rapidly ( in 5-30
minutes of coding) the JCIL and control
statements to produce almost any SMF-
based report. This paper is a discus-
sion of our use of SAS to reduce SMF
data into usable reports, as well as

to analyze them statistically,...
correlating various system parameter
Such usages have resulted in making

our computer systems more effective

and efficient. : 3

Mr. Merrill's paper conc ludes, "SAS
has proven itself as an extremely efficient
and useful technique for analysis of this
information, turning data into intuition."

We of the SAS Project Group are grate-
ful to Messrs. Merrill, Cullen, and Dastur
for communicating so w1dely and effectively
their experiences with applying SAS to
computer management, and we hope that other
SAS installations may take advantage of tj
examples of SAS usage given in the bodies‘
of the two papers.
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@ USER'S FORUM oG

. We have discovered trat using ror

Gentlemen. thar 256 variables with the REGR. ANCVA,

or FfEQ procedure may cause the p*’u"“d,rp
h"ve been using your system of SAS to "blow up” or go into an infinite lcop.
e time now . . . I would like to
ne request, as a suggestion, not a
ism. The ability to lag variables,
rious lengths of time, by my choice
he of great help to me in my use of
sion analysis.

To avoid this difficulty, a user
working with s data set re than 256
variables can create one or more subsets
f his original data set, using the DROP
or KEEP statement to limit eazh subset to
256 or fewer variables. The subsets can
I «+ould hope you will consider this : ‘then be processed by the REGR, ANOVA, or
Z as many people who work in FREQ procedure.
nozi:s, as I do, would really appre-
2 this addition to your programn.
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NEW POLICY ON -SAS PUBLICATIONS

Thank you,
Danny Tatar Service, Jclayne. A User's Guide to the
DeKalb, Illinois Statistical Analvsis System. 1972.
The User's Guide is the basic reference
Lagging is currently possible by for using SAS. Degree-granting educational
the proper use of the OUTPUT statement. institutions can order copies from the

Student Supply Siores, North Carolina Ste
University, P. 0. Box 5245, Raleigh, NC —
) . 27607; other installaticns can order copies
statene f :

aterents will suffice from Sparks Press, 115 Harrison Avenue,
DATA; INPUT X ete.; Raleigh, NC 276C3. 1In either case, the
OUTPIT; XLAG2 = XLAGL; XIAGL = X; cost is $3.95 per copy, plus 3% North Caro-
lina sales tax plus 1% Wake County tax
(residents only), plus mailing and handling
charges ($0.39 for the first copy, $2.20 for

iitional o . 5

will throw away all observations with each additional copy). Note: A revised

missing data. Also note that when you use edition of the User’'s Guide will be prepared

an SUTHJT statement, there is no lenger a for the new version of SAS.

Suppose you want two lags of X called
@J\u_ and XLAG2. Then the following

iotice that the computed variables, XLAGIL
and XLAG2, have missing values until they
are set to be non-missing. PROCEDURE REGR

—

b

’

I

default output at the end of the program . _ : s “
statements or upon encountering a RETURN EErhlpsé Cagwoll Gr%y 4 Guide fo the -
stztement. Try this method out using %;pn imipzar\ ?*occiare ““brvrz ior
PRCCEDURE PFRINT. The generalization to ,L'Lb 2228 ElC?,héna L2135 System.
higher-order lags should be obvious now. Last revised April, 197.

Barr, Anthony Jjames, and James Howard

. . Goodnight. SAS Programmer’s Guide.
and w2 intend to show lagging examples 1972 =t == 5 =3
irn next year's edition of the SAS User's :
Guide. The supplementary rrocedures guide
describes special-purposa SAS procedures.

This feature has not been obvious,

John Ssll ) . . -
SAS Project The programmer s gu1@e teils program@ers
how to implement their cwn SAS procedures.
[Ed rcte: See also the "Retention of One can obtain copies of the latter two
.ues” section (pages 30-31) and the guides from the SAS Project Group, Insti- -
- IP”L Svauements' section (pages 33-34) tute of Statistics, North Carolina State
©f the User's Guide.] University, Raleigh, Nerth Carclina 27607,

at a total cest of $2.00 per copy.
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SAS-T75
In our first issue cf SAS5 Communications, we dos:rlved the SAS Project Group's
e s . . v N 1t . t i . \ .
activities, particularly the revision of the "systems' portion of SAS and the

2 S
development of new and improved procedures. We stated several goals:

(1) to make the system casier to understand;

(2) to make the internal code clearer;

(3) to increase the efficiency of SAS, particularly in handling data sets;
() to make "autobatching” of SAS possible;

(5) to make SAS easier to use under the Time Sharing Option (TS0);

(6) to make it simplie tc produce easily readable reports;

(7) to make SAS statements more flexible; and of course

(8) to expand SAS's statistical capsbilities.

We are currently wcrking to have a provisional version of the new SAS --
called SAS-75 -- ready for distribution by February 15, 1975. SAS-75 as released
then will not include all the present SAS procedures; many irstallations will hence
wish to offer simultaneocusly the version of SAS now used and SAS-75. Users could
then use all SAS's present capabilities and begin to try out some of SAS-75's impor-
tant new features. All SAS's present capabilities will be incorporated as soon as
possible into SAS-75.

Here, then, is an outline of SAS-75's new features:
I. Systems Features
A. New INPUT and PUT statements.

All INPUT statements presently valid in SAS will remain valid under
SAS-T75. The INPUT statement, though, will acquire new options, allowing
the user to describe data using a format similar to PL/1 or FORTRAN
formats. In addition, SAS will be able %to handle free-form (list~type)
data (a boon eéagcially to people who use SAS interactively).

The PUT statement will acquire the same form as the INPUT statement and
will be used to print or punch data, thus greatly enhancing SAS's
report-writing capabilities.

B. Variable labeling.

A LABEL statement will associate a "label" of up to UO characters with
each variable name. Many of the procedures will use the label, if speci-
fied, ratker than the variable name to identify items printed out. This
feature too will contribute to SAS's role as a report generation tool.

C. Creation of several SAS data sets at one time.

The DATA statement will be expanded in function so that several SAS data
sets can be created simultanecusly as SAS passes through the input data.
Program statements will determine which data elements are added %o which
SAS data set. This feature will increase greatly SAS's erficiency in
prccessing large, complex collections of data.

D. Function tc test the value of a variable in the next cbservation.

A new function, to be used in program statements, will check to see if,
irn the observation being processed, the value of a variable isg different
from the variable's value in the cbservation immediately follecwing.




E. LENGTE statement.

Currently, every numeric data element stored as part of a SAS data set
requires 8 characters of storage. This requirement has made it rather
inefficient for users to store data which is mostiy small integers as a
SAS data set. The LENGTH statement will allow thke -.ser to specify how
many characters (from 2 to 3) the values of a numeric variablis are to
take up on the storage medium. SAS's data management routines will then
truncate each value to the specified number of characters before stcring
it. When such a stored variable is processed by a procedure, its data
elements will each be expanded to 8 characters (without chnange of
magnitude).

F. Conservation of paper.

SAS statements and messages will be printed separately from the output
of procedures, thus eliminating the vaste of paper which currently
occurs (e.g., a single FRCCEDURE statement and its Procedure information
statements, if any, now take up a whole page).

II. DNew and Revised Procedures

A. The FREQUENCY procedure.

A FREQUENCY procedure will produce m.lti-way frequency tables as a

series of two-way tables. Three new algorithms will increase the effi-

ciency of thig procedure over that of the present procedure FEEQ: a

hash~coding algorithm will be used to produce one-way tables; a radix -
method {similar to the method .sed by compilers to handle multi-dimensional
arrays) will be employed to produce multi-way tables; and if the data is

sorted, special lcgic will be used to acquire the fregiencies.

B. The CONTENTS proced.re.

This new proced.re will give a physical and logical description of a
stored SAS data set.

C. The GLM procedure.

A GIM (for General Linear Models) procedure is being developed. It will
combine the features of the present REGR and ANOVA brozedures. For

balanced designs, GLM will use the computational methods currently used in
ANOVA; for unbalanced designs, it will use the techniques of REGR. Several
new types of effects will be valid, including interactions and powers of
continuous (numeric) variables, interactions tetween continuous variabies
and classification variables, and the effect of a continuow.s variable nested
within a classification variable. One will be able to produce least-squares
means as well as adjusted means. DNew missing-value rules will be established;
the procedure will no longer omit an entire observation when one of the
dependent variables has a missing value.

D. The NLIN procedure.

‘ SAS-75 will incl.de a procedure for least-sqiares estimation of the
parameters of a non-linear model. The user will describe the model and
derivatives with SAS statements that are similar in form to present SAS
program statements. The procedure will be able to use any one (or a
combination) of the following techniques:

s S s ..



(1) modified Gauss-Newton method,

(2) modified gradient method of Marquardt,

(3) parabolic approximation technique of Mason, and

(k) grid search tc find starting values.

E. The new DISCRIM procedure.

In addition to its prexent capabilities, the DISCRIM procedure will allow
the user to store calibration information and apply it Go other data sets.

FP. The new FACTOR procedure.

The FACTCR procedure is undergoing complete revision. The new version
will offer several methods of communality estimation, several types of
orthogonal and oblique factor rotation, and production of factor scores.

]

The SYSREG procedure.

This procedure will estimate the DParameters of interdependent systems

of equations. SYSREG can use any

f the following estimation methods:

classical least squares, two-stage least squareg, three-stage least
squares, and limited information maximum likelihood. eatures include
restricted estimation, tests of hypotheses, and creation of a data set
containing residuals and predicted values.

A NOTE ON EFFICIENCY

Stored SAS data sets are kept on disk
or tape as specified by the user; other
S5AS data sets created in the course of a
job are stored on disk for the duraticn of
the job. Hence every time a SAS data set

is processed -- when it appears in a SET
or MERGE statement or when a procedure is
applied to it -- SAS must fetch the obser-

vations from the data storage unit and
bring them into the central rrocessing unit
of the computer to work with them. This
reading of observations from disk or tape
can become quite costly when the data set
has abcut 40,000 observations. The user is
levied a charge each time SAS goes to fetch
another group of observations. By increas-
ing the blocksize of the SAS dats set,
however, the user can reduce the cost.

SAS reads SAS data sets block by block.

Unless otherwise specified by the user, the
olocksize of a SAS data set, stored or not,
will be 2048. A SAS data set created just
7'~ the duration of the job is seen by the
~—-puter’s operating system (0S) as a
member of a partitioned OS data set whose

data definition name (the name Og
recognizes) is SASDATA. By telling OS that

the blocksize of SASDATA is something
larger than 2048, the user forces SAS to
read larger blocks, containing more
observations, than it ordinarily would.
Furthermore, SAS is written so that the
blocksize stated or implied for SASDATA
is assumed to be the blocksize for all
stored SAS data sets mentioned in that
Job as well. Thus the single Job Control
Language statement

//SAS .SASDATA DD DCB=BLKSIZE=6400
appearing immediately after the
// EXEC SAS

card will make SAS take the number 6400
to be the blocksize of all the job's SAS
data sets, whether stored or members of
SASDATA.

When in a subsequent job cne is
Processing a stored SAS data set with
larger-than-2048 blocksize, one must be
careful always to include the Job Control
Language statement showm aktove, with
BIKSIZE= a number at least as large as
the blocksize with which the data set was
originally stored.

C



T [Ed. note: We are grateful to PAUL D. HOFKINS of the Statistical Reporting Service,
Research Division, United States Department of Agriculture, for preparing and allowing
us to adapt and reprint this documentation of the expansion of SAS's MEANS procedure.]

PROCEDURE MEANS: EXPANDED CUTPUT COPTICIS

The latest release of SAS has a heretofore undocumented feature in the
MEANS procedure. Tt allows users to create a SAS datlz sebt with any

combinaticn of the descriptive statistics the procedure can produce.

Users may create SAS data sets with the numbers of observations., means,
standard deviations, variances, sums, corrected sums of square, smallest
values, largest values, coefficients of variation, or auny combination of
these items. '

The particular item or items to be put in the output data set are
selected by optiocns on the PROC MEANS statement. There is one opticn
for each item to be included in the output data set. The SAS data set
produced always has the same variables as the input data set. If more
than one type of statistic is desired, SAS creales multiple observa-
tions and adds a new character variable OBS_TYFE to the data set. The
values of OBS_TYFE are the options used on the PROC MEANS statement,
which identify the type of data in the remainder of the observation.

BY variasbles and character variables are included in the output data
set. A BY statement causes a new series of observations for each
distinct value in the BY variable. The value of a character variable
included is the first value encountered in any BY group.

The VARIABLES statement produces the following results in the output
data set: those variables included in the VARTABIES statement are
properly processed and included in the output data set; all variables
not in the VARIABLES statement are also written out, but contain the
first value received in any BY group.
The PROC MEANS statement now has the following form:
PROC MEANS <NOPRINT> <OUT=data_set 2> <DATA=data_set_ 1>
<N> <MEAN> <STD> <VAR> <SUM> «<CS> <LGi> <HIGH> <CV>;

The NOFRINT and DATA cptions are described in the 3AS User's Guide.

The OUT option is expanded to include the options on the second line.
Those options specify the type of items to be included in the output
data set.




Option

8

Type of statistic in observation

N Number of observations.
MEAN Mean or average. If no options are specified but the
OUT parameter is included, the procedure will include
only means on the output data set, data_set 2. MEAN
mist be specified if means and one or more other
statistics are to be included in data_set_2.
STD Standard deviation.
VAR Variance.
SUM Sum or total. )
CSS Corrected sum of squares.
Low Smallest value.
HIGH Largest value.
cv Coefficient of variation.
Examples:
The following SAS statements broduce the data set EXAMPLE from cards and
print it.

DATA EXAMPLE; INPUT ID $ 1X 2 Y 3 Z L; CARDS;
Al23

A23L
A345
AlL56
A 67
A 9
B987
B876
B765
B5L
B2
PROC FRINT DATA=EXAMPLE;
OBS ID X Y Z
1 A 1 2 3
2 A 2 3 4
3 A 3 L 5
L A L 5 ¢
5 A 6 7
6 A 9
7 B 9 8 7
8 B 8 7 6
9 B 7 6 5
10 B 5 4
11 B 2

AN



The following SAS statemsnts make MEANS create 3 SA!

all available cutput items then print it out.

PROC MEANS NOPRINT OUT=

BY ID;

PROC PRINT DATA=STATS;

Results: 0B3 Ib

1 A
2 A
3 A
I A
5 A
6 A
7 A
8 A
9 A
10 B
11 B
12 B
13 R
1k B
15 B
16 B
7 B
18 B

el
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X

0000
.500C
.291C
.GEET
.0000
.CO00
.0C00
. 0000
.6398
.0000
.2000
LTT7HO
. 7000
. 0000
.80C0
.CC00
. 0000
L7562

Y

.0000
0000
.5811
.5000
. 0000
. 0000
. 0000
.0000
.5285
.0C00
.2500
.7078
.9167
.0000
L7500
.0000
.0C00
.3252

=

(o

N
~NOFOUNHONEFWOON O OIN M WU

N

23-3333
3.0000
9.0000

38.1220
3.0000
6.0000
1.0000
1.C000

18.0000
2.00C0
5.0000
7.000G

i6.6667

OBS_TYPE

o
MEAN
STD
VAR
SUM
CSS

LOW

HIGH
cv

N
MEAN
STD
VAR
SUM
088
LOW
HIGH
cv

TS DATA=EXAMPLE N MEAN STD VAR SUM C8S LOW HIGH CV;

oiAl

Note that the STATS data set has the same variables as EXAMPLE, plus
OBS_TYFE. There is an observation created fcr each type of statistic

selected in the option list.

The value of OBS_TYFPRE identifies the type

of statistic found in the observation, and the value of ID tells which

BY group the observation belongs to.

computation.

Missing values are deleted from

The following SAS statements produce a data set of totals or sums and

print it out.

PROC MEA

Resulits:

ey
N

NCPRINT OUT=TOTALS DATA=EXAMPLE SUM;
PROC PRINT DATA=TOTALS;

X Y

10 20
31 25

Z

3
18

BY ID;
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Note that when only a single type of statistic is wanted, the variable
OBS_TYPE is not added to thke output data set.

The next two examples show what happens to the output data set when a
VARTABLES statement is used with the MEANS procedure. Remember that
all the variables in the input data set appear in the output data set.

FROC MEANS NOPRINT CUT=TOTXY DATA=EXAMPLE SUM; BY ID;
VAR X ¥;
PROC FRINT DATA=TOTXY;

Results: 083 ID X Y 2

A 10 20 3
B 31 25 7

N =

Even though Z was omitted from the VAR statement, it is included in
the output data set. Also note that the value saved is the first 2z
in each BY group.

PROC MEANS NOPRINT OUT=TEST DATA=EXAMPLE N MEAN SUM; BY ID; VAR X Y;
PROC PRINT DATA=TEST;

Results: OBS ID X Y Z OBS_TYFE
1 A 4.0 5.00 3 N N
2 A 2.5 L4.00 3 MEAN -
3 A 10.0 20.00 3 SUM
L B 5.0 L.00 7 N
5 B 6.2 6.25 7 MEAN
6 B 31.0 25.00 7 SUM

Again note that the variable 7 was not used in the computation process,
but does retain the first value found in each BY group.
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