
* SAS Tutorial session - An Intrcduction to SAS FUnctions 

Dr. Ronald COdy - Robert Wood Johnson Medical School 

A. 01/el:vi.ew 

Most of you have probably already used SAS functions to perfonn a variety of 
tasks, such as a LOG funCtion to transfonn variables am various D.ld'E functions to 
convert a date into an intemal SAS date. We will see in this tutorial that the SAS 
p~ language has a very rich assortment of functions that can greatly 
simplify sane very ccanplex p~ problems. Take a nanent to browse t:hrclJ;;Jh this 
paper to see what SAS funCtions can do for you. 

B. Arithmetic and Mat:bema.tical FtliX::ticn; 

'!he funCtions you are probably IOOSt familiar with are ones which perfonn 
arithmetic or mathematical calculations. Remember that all SAS functions are 
recognized as such because the function name is always followed by a set of 
parentheses. '!his way, the program can always differentiate between a variable. name 
am a f'Urd:.ia1. Here is a short program which c.c:mputes a new variable, called I.OGI.OS 
which is the natural log of lOS (length of stay) • '!his is a COl!UllOn way to "pull in 
the tail" of a distribution skewed to the right. We have: 

mTA FUNC EG; 
INR1I' ID SEX $ lOS HEIGH!' WEIGH!'; 
LOGI.OS = I.OG(I.OS) ; 
CAReS; 

etc. 

'!he new variable (LOGI.OS) will be in the data set FUNC_EG am its values will be 
the natural (base e) log of lOS. Note that a zero value for lOS will result in a 
missirq value for r.ooroo. When zero's are possible values am you still want a log 
transfonnation, it is common to add a small number (usually • 5 or 1) to the variable 
before taking the log. 

We will n.c:M list some of the more mtocnon arithmetic am mathematical functions 
am their purpose: 

FtliX::ticn Name 

LOG 
LOGlO 
SIN 
o:s 
TAN 
ARSIN 

Acticn 

Base e log 
Base 10 log 
Sine of the argument (in radians) 
Cosine 
Tangent 
Arcsine (inverse sine) of the argument. Result is 
in radians 
Arooosine 
~ 
Drops off the fractional part of a number 
Square root 
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Some functions take toore than one argument. For example, the RCUND function has 
two arguments, separated by commas. 'Ihe first argument is the number to be rourx:Ied 
an:i the secorrl argument irxli.cates the rourrloff unit. Here are sare exarrples: 

RCUND (X, 1) Rcurrl X to the nearest whole number 
ROOND (X, ; 1) Rcurrl X to the nearest tenth 
ROOND (X,100) Rcurrl X to the nearest hun:ired 

Another function that takes two arguments is the IDD function. IDD(x,m) will 
retum the value of x nxxlulus m. For exanpl.e, H)[)(5,3) (read this 5 IIKXi 3) will 
retum a 2. At first glance, this seems like an esoteric function of little use in 
everyday progra:nmin;J. Not true. Here is a prograill to select evecy third recm::d of a 
file: 

DATA mom: 
SEI' OlD: 
I + 1: 
IF IDD (I,3) = 1: 
DROP I: 
RON; 

Other functions operate on a list of arguments. A good exanple of this is the 
MEAN function. If we have a series of variables (say Xl to X5) for each subject an:i 
we want the mean of these 5 numbers, we write: 

MEAN_X = MEAN (OF Xl-X5): 

We may use any variable list followi.n;J the word OF. An i.nportant difference between 
the MEAN function and the alternative expression: 

MEAN_X = (Xl + X2 + X3 + X4 + X5)/5: 

is that the MEAN function retums the mean of the ncnllissi.n;J values. 'Ihus, if we had 
a missi.n;J value for X5, the function would return the mean of X1, X2, X3, and X4. our 
equation for the mean above, would retum a missi.n;J value if any of the X values were 
missi.n;J. 

'Ihe SUM, SID, and SI'DERR functions work the sane_ way as the MEAN function except 
that a SlDD, standard deviaticn, or a stardard en:or is c:arp.Ited instead of a mean. 

Two very useful functions are N an:i NMISS. 'lbey return, as you would expect, the 
number of nonmissi.n;J (N) or the number of missi.n;J (NMISS) values in a list of 
variables. SUppose we have recorded 100 scores for each subject an:i want to compute 
the mean of these 100 scores. We will allow each subject to be missi.n;J 25 or fewer 
scores arxi still be included in the calculation. Without the N function, we would 
have to do a bit of progra:nmin;J. Usi.n;J the N function, the computation is much 
sinpler: 
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DATA EASYWAY; 
INRJI' (Xl-XlOO) (2.); 
IF N(OF Xl-XlOO) GE 75 '!HEN 

AVE = ME'AN(OF Xl-XlOO); 

etc. 

'Ihe NMISS function is used in a similar fashion. 

c. RaDlan Nl.miJer Functicns 

SAS hastwo functions, UNIFORM ard RANUNI that generate unifonn ran::iom numbers in 
the range fran 0 to 1. Ran:iom n1.l1Tiber generators (mre properly called psarn ran:iom 
number generators) require an initial mnnber, called a seed, which they use to 
calciulate the first ran::iom number. From then on, each raman number is used in some 
way to generate the next. In either of these functions, a zero seed will cause the 
function to use a seed derived fran the ti.rre clock, thus generat.in] a different 
ran:lom series each ti.rre it is used. RANUNI can also be seeded with any number of your 
choosi.n;; UNIFORM requires a 5,6,or 7 digit odd mnnber as a seed. In either case, if 
you supply the seed, the function will generate the same series of ran:lom rrumbers 
each ti.rre. A si.Irg;:lle exanq;lle folloos in which we use a unifonn ran:lom n1.l1Tiber to put a 
group of subjects in ran:lom order: 

DATA SHUFFt..E; 
INRJI' NAME : $20.; 
X= RANUNI(O); 
CARIE; 
a:Jr:Jf. 
SMI'lH 
MARI'IN 
lAVERY 
'IHAYER 
RON; 
PROC SORI'; 

BY X; 
RON; 
PROC PRINT; 

TITlE 'Names in Rairlom order' ; 
w.R. NAME; 

RUN; 

To generate a series of ran:lom numbers fran n to m, we need to scale our 0 to 1 
random rrumbers accordingly. To generate a series of random n1.l1Tibers from 1 to 100, we 
could write: 

X= 1 + 99 * RANUNI(O); 

For purposes of statistical model in], we might also want a series of ran:lom 
numbers chosen fran a nonnal distribution (rnean=O, variance=!) • 'Ihe RANNOR function 
will generate such variables. 'Ihe allowable seeds for RANNOR follow the same :rules as 
for RANUNI. 
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D. Time ard Drt:e Fuooti.cns 

'!here are several extremely useful date functions. one, MD'i (m:Jnth, day, year) 
will convert a lOOJ'lth, day, ard year value into a SAS date variable. SUppose for 
exarrple, that we want to k:n<:M a subject's age as of July 15, 1990 and we knc7N his 
date of birth. We could use the MD'i function to compute the age thus: 

AGE= (MD'i(7,15,90) - DOB)I365.25; 

Although a oore efficient method would be to use a SAS date variable as shown 
below: 

AGE = ('15JUL90'D - DOB)I365.25; 

Another possible use of the MD'i function would be when date infonnation is not 
recorded in one of the stamard methods for which SAS has a date fonnat. As lon:J as 
we can read the IOOnth, day, ard year into variables, we can then use the MDY function 
to conpute the date. For exanple: 

INPUT ID 1-3 MONTH 4-5 ~y 10-11 YEAR 79-80; 
Di\'IE = MDY(MONTH,~Y I YEAR); 
DROP MONTH ~y YEAR; 
roRMAT Di\'IE MMDDYYS. ; 
etc. 

'!here are several date functions which extract infonnation from a SAS date. For 
exanple, the YFAR function returns a four digit year from a SAS date. '!he MONTH 
function returns a number from 1 to 12 which ·represents the month for a given date. 
'!here are two functions which return day infonnation. '!he Ill\Y function retums the 
day of the m::rrt:h (i.e. 1 a number from 1 to 31) and the WEEKill>.Y function retums the 
day of the week (a number from 1 to 7 1 1 being SUnday). As an exarrple 1 suppose we 
want to see distributions by lOOllth ard day of the week for hospital admissions. '!he 
variable AI:MIT is a SAS date variable: 

PROC FORMAT; 
VAllJE ~YWK 1='SUN' 2='M:N' 3="IUE' 4='WED' 5='THU' 6='FRI' 7='SAT'; 
VAllJE MONTH 1='JAN' 2='FEB' 3='MAR' 4='-Am' 5='MAY' 6='JUN' 7='JUL' 

S='AUG' 9='SEP' 10='0CT' 11='NOV' 12='DEC'; 
Di\TA HOOP; 
INPUT @1 AJ:MIT MMDDYY6. etc. ; 
~y = WEEKJ:l1\Y (AJ:MIT) ; 
MONTH = MONTH (AJ:MIT) ; 
FORMAT AJ:MIT MMDDYYS. ~y DAYWK. MONTH MONTH.; 
CARIE; 
(data lines) 
PROC CHARI'; 

VBI\R DAY I DISCREI'E; 
VBI\R MONTH I DISCRFI'E; 

RUN; 

IDok for a shortcut method for producing the day of the week or month name in 
the discussion of the FU1' function later in. this chapter. 
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Besides work.in;J with date values, SAS has a corresporrlin:;J set of functions to 
work with tilnes. For example, we can read a time in hh:mm:ss (hours, minutes, 
secon:is) fonnat using the timeS. fonnat. We can then extract hour, minute, or second 
infonnation from the time variable using the HOOR, MINUTE, or SEroND func:ticn;, just 
the way we used the YEAR, M:>NIH, and ~Y functions above. 

Before we leave the date and time functions, let's discuss two very useful 
functions, nm:K and ININX. 'lhey may save you pages of SAS coding. nm:K returns the 
number of intervals between arrt two dates. Valid, interval choices are: J:li\Y, WEEK, 
M:>NIH, QIR, YEAR, HOOR, MINUTE, and SECXJND. '!he syntax of the IN1'CK function is: 

nm:K (interval, start, end)~ 

Where interval is one of the choices above, placed in single quotes, start is the 
starting date, and end is the ending date. As an example, suwose we want to know now 
many quarters, our enployees have worked. If STAR!' is the SAS variable that holds the 
starting date, the number of quarters worked would be: 

NT.JM_QIR = INTCK( 'QIR', STAR!', 'IODi\Y ()) ~ 

(Note: the 'IODi\Y function, 'Which has no argument, returns today's date) 

Since the algorithms used to conp.1te the number of intervals can be confusing, 
we recommend reading the section on SAS functions in the appropriate SAS manual. 

'!he ININX function can be thought of as the inverse of the IN1'CK function~ it 
returns the date, given an interval, starting date, and the number of intervals 
elapse:i. Suppose we know the date of hire and want to compute the date representing 
the start of the third quarter. You would use: 

Di\TE3RD = IN1NX ( 'QI'R I I HIRE I 3) ~ 
FORMAT DATE3RD MMDDYYB. ~ 

If HIRE were 01/01/90, 01/05/90, or 03/30/90, the value of Di\TE3RD would be 
10/01/90. If a person were hired on April 1, 1990, his third quarter date would be 
01/01/91. 

E. 'lhe :rmu.r and :ror Fun::ticns: OrNert:irg Nume:ric:s to Cllaract:er and Cllaracter to 
Nl.mErlc variables 

While the INPUI' and :ror functions have many uses, one cat1110r1 application is to 
convert between numeric and character values. 

'!he :ror function uses the fonnatted value of a variable to create a new 
variable. For example, suppose we have recorded the AGE of each subject. We also have 
a format 'Which groups the ages into four groups: 
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PROC FORMAT: 
VAilJE AGEXiRP I..CM-20='1' 21-40='2' 41-60='3' 61-HIGH='4'; 

RON: 
D7\TA PUI"EX;: 
INIDl' AGE @@; 
AGE4 = FUl' (AGE ,AGEXiRP. ) I 
CARrE: 
5 10 15 20 25 30 66 68 99 
RON; 

In this exanple, the variable AGE4 will be a character variable with values of 
'1', '2', '3', or '4'. As another exanple, suw:se we want a variable to contain the 
three letter day of the week abbreviations (KJN, 'IUE, etc.). one of the SAS built-in 
fonnats is WEEmi\'l'En. returns values such as: WEJ:NESDA.Y, SEPl'EMBER 12, 1990 (if we 
use WEEKDM'E29.) • 'Ihe fonnat WEEKJ:l1aE3. will be the first three letters of the day 
name (SUN, KJN, etc.). To create our character day variable, we can use the :rur 
function: 

Di\YmME = :rur (J::IATE, WEEKJ:l1aE3 • ) ; 

'!here are same really useful tricks that can be aa:::c:mplished using the :rur 
function. An exanple that we used just the other day comes to nti.D:i. We had one file 
that had social security numbers as 9 digit numerics. Another file had the social 
security numbers coded as 11 digit character strings (123-45-6789). our job was to 
mezqe the two files based on social security number. '!here are many ways to solve 
this problem, either pulling out the three numbers between the dashes ard recombining 
them to form a numeric, or converting the 9 digit number to a character string ard 
placing the dashes in the proper places using the awropriate string functions. By 
far the easiest method is to use the fact that SAS has a built in function, SSNll. 
which formats 9 digit numerics to 123-45-6789 style social security numbers. 
'lherefore, using the :rur function, we can create a character variable in the form 
123-45-6789 like this: 

SS = FUl' (ID,SSN11.)1 

In general, to convert a numeric variable to a character variable, we can use 
the :rur function, with the appropriate forma.t. If we have a file where group is a 
numeric variable ard we want a character variable instead, we can write: 

GROOFCHR = FUl' ( GROOP, 1. ) ; 

We use the INroT function in a similar manner except that we can "reread" a 
variable acx:ordi.ng to a new format. 'Ihe JOOSt conuron use of the function is to convert 
character values into numeric values. We will show you a si.nple exanple here. In this 
exanple, we will read either a group code (character) or a score (numeric). Since we 
don't know if we will be reading a character or a number, we will read every value as 
a character ard test if it is a valid group code. If not, we will assume it is a 
score ard use the INroT function to convert the character variable to ntUneric. Here 
is the code: 
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mTA FREEFORM; 
rnror TEST $ @@: 
REI'AIN GROOP; 
IF TEST = 'A' OR TEST='B' THEN 00; 

GROOP = TEST; 
DEIEI'Ei 
REIURN; 
END; 

EISE saD = INIUl' (TEST, 5.) ; 
l:iiOP TEST; 
CARIE; 
A 45 55 B 87 A 44 23 B 88 99 
RJN; 
PRJC PRim'; 
RJN; 

To help make this exanple clearer, the data set fanned by rurming this program 
is shown below: 

ORS GROOP SOJRE 

1 A 45 
2 A 55 
3 B 87 
4 A 44 
5 A 23 
6 B 88 
7 B 99 

As you can see, the rnror function opens up a very flexilile way of reading data. 

OK you may ask, what's a string? Well, ccrrp.1ter people have their own jargon and 
a string, to a computer prograzmner, is a string of characters. 'Ihus, ABCDE is a 
string as is 12345 (read as character data) • we will only touch on some of the major 
string functions ~there are lots of them. 

First, it's useful to extract a piece of a string. 5uwose we had character ID 
mnnbers in a SAS system file. 'Ihe rnnnbers are 8 characters long and the last two 
characters of the ID rrumber represent a two digit state code. we want to create a new 
variable, STATE which contains these two digits. 'Ihe SUBSTR (pronounced substring) 
function will do this. 'Ihe syntax is: 

dlar_var = SUBSTR (C, S, L); 

Where c is a character string, s is the starting p::rsition, and L is the length of the 
sul::IString. 

So, if we want to extract the last two digits (p::rsitions 7 and 8) we can use: 

STATE= SUBST.R (ID,7,2); 
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Another ve:cy COllUlDllly used character function is UPC'ASE. As the name ~lies, 
this function converts the argument to ~.g:er case. 'Ibis can really come in harxiy when 
a questionnaire or other source of data was entered in OOth ~.g:er ani lower case (by 
accident). When this happens, we can use the UPC'ASE function to convert all the 
strings to ~.g:er case. Below is an example of how this could be used: 

D.\TA stJRVEY ~ 
INPUT ID 1-3 @5 (QOES1-QOES20)($1.); 
ARRAY c;;.uES[20] c;;.uESl-QOES20; 
00 I = 1 'IO 20; 

QUES[I] = UPC'ASE(QOES[I]); 
END; 

IH>P I; 
etc. 

'!he VERIFY function can be used to test if any element of one string is located 
anywhere in another. A CXliTII.'!IOn use for this function is in data verification. Although 
the VERIFY function is more general, we will show a partial definition below: 

VERIFY (char_variable, verify_string); 

nri.s function will return the position in the char_variable that is nat present 
in the verify_string. If all the characters of the char_variable are present in the 
verify_string, then a o is retume::l. Here are same examples: 

. Sc::DRE=' A I VERIF=' ABCDE, 
VERIFY(SOORE,VERIF)=O 

SOORE='X I VERIF=' ABCDE' 
VERIFY (SCORE, VERIF) =1 

SOORE='ABXD1 VERIF=' ABCDE 1 

VERIFY (sroRE, VERIF) =3 

SuJ;:pose that valid values for X were A,B,C,D, or E. A quick way to check for 
invalid data would be: 

CHECK = I ABCDE1 : 

IF VERIFY(X,CHECK) NE 0 '!HEN 
R1l' 'ERroR IN .RECX)RD I N X= ; 

Notice the blank in the character string assigned to CHECK. If X were a one byte 
character variable, the blank in CHECK would be unneoessar:y. If X were longer than 
one byte, the value lNOUld be 11left adjusted" ani padded on the right with blanks. '!he 
VERIFY function, lNOUld then return the position of the first blank in the X string if 
we did not include a blank in the CHECK string. 

While we are discussing strings, we should mention the concatenation operation. 
Although this is not a function, it is a useful string operation ani this seems as 
good as anywhere to tell you about it! In COmputer jargon, concatenate means to join. 
So, if we concatenate the string 'Mr.' with the string 1 XYZ 1 the result is 'ABCXYZ'. 
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Pretty clever eh? 'Ihi.ngs can get a bit sticky if we forget that SAS character 
variables are padded on the right with blanks to fill out the predefined len:Jth of 
the variable. If this is the case, we can use the TRIM function to remove trailing 
blanks before we concatenate the strings. '!he concatenation operator is II (two 
vertical bars) • SUppose we had social security numbers in a file ani, instead of the 
usual - separators, the digit groups were separated by colons, 123:45:6789 for 
exanple. one way to read this string ani convert it into the more COim!K:)n fonnat would 
be: 

Di\TA CONVERl' i 
rnrui' PARI'l. $ 1-3 PARI'2 $ 5-6 PARI'J $ 8-11; 
ss = PARI'l. II /;../ II PARI'2 II ,_, II PARI'J; 
KEEP ss; 

123:45:6789 . 
etc. 

For those of us who are corrrpulsive programmers, the TRANSIA'IE function discussed 
next would be a better way to solve this problem. 

'!he last string function we will discuss is TRANSIA'IE. '!his very useful function 
is used to, as the name implies, translate or convert one set of characters into 
another. '!his function may save you writing lots of IF statements. Suppose we have 
one data set where responses to a questionnaire were coded as A,B,C,D, ani E. Another 
set of data from the same questionnaire was coded 1, 2, 3, 4, ani 5 by the data entry 
person. Assuming that we read the responses as characters, we could write five IF 
statements to convert the numbers to letters, or use the TRANSIA'IE function. 

'!he syntax for TRANSIA'IE is: 

TRANSlATE (c, to_str, from_str): 

Where c is the character variable to convert, to str is the string which we will 
convert to, ani from_str is the string we want to convert from. For example, to 
translate 1,2,3,4,5 (character data) to A,B,C,D,E we would write: 

TRANSlATE (variable,'ABCDE','12345'); 

In the exanple below, assume that we have variable names QUES1~50 ($1. 
fonnat) ani want to convert the 1-5 to A-E: 

Di\TA TRANS i 
ARRAY QUES[*] $ QUES1~50; 
INPUT (QUES1~50)($1.); 
00 I = 1 '10 50; 

QUES[I] =TRANSLATE (QUES[I],'ABCDE','12345'); 
END; 

OOOP I; 
etc. 

'lhe solution to the social security problem above is: 

rnrur ss $ 1-11: 
SS = TRANSlATE (SS, 1

-
1

1 
1

: 
1

) ; 
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G. 'l11e I1IG FUrrl:im 

A lagged value is one fran an earlier t.ime. In SAS, we may want to ccmpare a data 
value from the current observation with a value in the previous observation. we may 
also want to look back several observations. Without the lAG function, this is a 
difficult task-with it, it's sillple. If we have a variable, X in our data set, the 
value IAG(X) .is the value of X fran the previous observation. 'lhe value Il!Gn(X) where 
n is a number, is the value from the nth previous observation. A cxxtitutl application 
of the lAG function is to take differences between observations. suwose each subject 
was measured twice and each measurement was entered .as a separate observation. we 
want to take the value of X at t.ime 1 and subtract it fran the value of X at t.ime 2. 
we proceed as follows: 

Data set ORIG looks like this: 

SUBJ TIME X 

1 1 4 
1 2 6 
2 1 7 
2 2 2 

etc. 

To subtract the X at t.ime 1 from the X at t.ime 2, we write: 

*NOI'E: J:.l.l\TA SEI' ORIG IS SORI'ED BY SUBJ; 
J:.l.l\TA I.AGEX;; 

SEI' ORIG; 
DIFF = X - IAG(X); 
IF TIME = 2 '!HEN OOT.EUl'; 
:mJN; 

You could shorten this program even further by usin] the DIF'n function which 
returns the difference between a value from the current obsel:vation and the nth 
previous observation. 'lhe calculation above would be: 

DIFF = DIF (X) ; 

What we have shown you here is only a brief review of SAS functions. Spend some 
t.ime browsin] through the chapter on SAS functions in the SAS I..an]Uage Guide, from 
the SAS Institute, now that you have been introduced to the power of SAS functions. 
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