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ABSTRACT 

The SAS® software data step statement array V {3} $ Vl·V3 ('A' '8' 'C1; 
produces three character variables named VI, V2, 811d V3 wfth corresponding 
initial values, 'A', 'B', and 'C' 811d a tunction, dim(V), which returns a value at 3. 
Programmers can write Simple macro tools tor use in larger macro procedures. 
These tools can dupUcate SAS data step constructions that the programmer is 
already comtortable using and make reading and comprehension easier. The 
macro statement %ARRAY(V,A B C) produces three macro-variables named 
VI, V2, and V3 With corresponding values: A, B, and C and a macro-variable 
DIM_ V with the value 3. These macro-variables can then be used in the macro 
statement %DO I. 1 %TO &DIM_V.; 

This paper examines the SAS data step array statement and discusses the 
issues in constructing and using arrays of macro·variables. The macro ARRAY 
takes parameters of either a list of elements or a data set. 

Note: macro ARRAY is a basic utility used in two other papers that address 
muHiple-response data: CHECKALL and SHOWCOMB. 

INTRODUCTION 

A common task tor an experienced programmer is to recognize a recurring 
pattern ot code and then to encapsulate that pattern in a routine which hides the 
complexity ot processing, while mill enabling a later reader of the program to 
grasp the programming concepts that have been hidden. 

The SAS macro language is a simple yet powerful programming language. This 
article examines the SAS language array and associated do loop stalements 
with the idea of translating those concepts into SAS macro language usage. 

SAS array statement & dimension (dim) function 

The explicit array statement in SAS has seven phrases; we will examine the 
four that are most commonly used: 
1. ARRAY is the SAS statement key·word 
2. array·name: required 
3. subscript: required, efther at 

{3}: number supplied for creation of a series 01 variables 
n asterisk indicating subscript is detennined by 

SAS sottware by counting the supplier! array·elements 
4. array-elements: an optional list 01 variable names 

The dimension tunction has two commonly used phrases: 
1. DIM is the SAS function name 
2. parameter is an array·name defined in same data step 

A typical usage of the ~ statement would consist of accessing one set of 
variables in order to repeat some processing on each variable. The example in 
program 1 below reads in three Fahrenheft temperatures and converts them to 
Celsius. Note that the prce CONTENTS listing shows that SAS has created a 
series of variables based on the abSence of the ~-elemen1s in the array 
Celsius statement. Their names - Celsiusl, Celsius2, and Celsius3 -
correspond to the way the variables are accessed in the iterative loop by the 
array convention 01 Celsius{!}, Celsius{2}, and Celsius{3}. 

Program 1 
data TEMPRATR; 
input Low Med Hi; 
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*note: no array.elements, see also CONTENTS; 
array Celsius {3}; 
array Farnheit {*} Low Mad Hi; 
do I = 1 to dim(Farnheit); 
Celsius{I} = (Farnheit{I} • 32) * 519; end; 

cards; 
o 1032 

; 
proc CONTENTS; 

• • • $AS output 
••• ·.Alphabetic List of Variables and Attribute.····· 

# Variable Type Len Po. ..... __ ...... 
4 CELSIUS1 NUll a 24 
5 CELSIUS2 NUll a 32 
6 CELSIUS3 Hum a 40 
3 HI Hum a 16 

LOW Num a 0 
2 MEO Num a a 

SAS macro language iterative loop 

SAS macro variabte names follow the conventions of SAS data step variable 
names. SAS construction 01 a variable name with a common prefix and a 
numericat suffix can be du~licated in the SAS macro language in the following 
manner: 

'4.ET VAll1 • G04A; 
UET YAft2 • 0048; 
%LIT VQS .. U4C~ 

As in the example in Program 1, each of these mac;ro-variables can be 
accessed in a macro rterative loop wrth the following control statement: 

The dimension 01 this array ot macro variables is a constant and can be 
assigned to a macro·variable. 

The macro rterative loop can then be wrftlen in the more general form: 

"0 J • 1 uo 1111M_YAIl: 
VUT VM&l. :: &&VAl&J:.; ".D; 

This loop Will write the following note to the SAS log: 

•• ·Ulloa· •• 
VAlt :: Q04A 

'1M2 :: OG41 
vAia :: CI04C 

This is a construction used regularly in certain types of mac;ros. The purpose 01 
this paper is to construct a macro that supports this Herative loop. Such a macro 
would be named ARRAY, and would have two ot the SAS array statement 
phases as parameters: array·name, and array·element values. This mac;ro 
would return a sequentially-numbered series of macro variables and the 
dimension of the array. The array-element values could be either a provided list 
or the values of a variable in a data set. This second optIon ot providing the 
array-element vatues in a data set would enable certain macro procedures to be 



completely data-driven. See the following papers t~led CHECKALL and 
SHOWCOMB for examples. 

Parameters and Constraints 

The simplicit)' of the SAS macro language both allows and requires construclion 
of a routine that has the appearance of the SAS language array statement. 
Since this is a constructed routine and not a SAS system implementation, there 
are certain relations among fhe parameters that are constraints. 

The first and most obvious is that the array-name parameter must foUow SAS 
naming conventions. SAS names may be up to eight characters in length. For 
this routine, some number of characters must be neserved for the sequential 
numbering of the suffix. As the magn~ude of the number of array-elements 
increases, the length of the array-name must decnease in order for the 
combined length to be less than or equal to eight. 

A second constraint on the array-name parameter is that the macro variable 
used for the dimension has the fonn: OIM_ <array-name>. This construction was 
chosen in order to appear visually similar to the usage of the dimension 
function: dim(<array-name». This convention reduces the space available for 
the array-name prefix to a maximum of four charaders. 

The array-name parameter is both prefix and suffix. As suffix to the name ot the 
returned value of dimension, it can be no more than four characters in length. 
As prefix to the series of macro variables four characters in the array-name 
allows a maximum of 9,999 sequentially numbered macro variables to be 
created without suffering a 'SAS name too long' error. For larger arrays, the 
length of the array-name can be shortened to as small as one character. 

Array-elements in the SAS data step array statement are assumed to be 
delimtted by spaces. When array-element values are provided to this routine as 
'a list, the macro scan function is used to pick out each value. The delimHers of 
the macro function %scan are the set of non-alpha-numeric characters. For 
special cases where, for instance, an array-element value may contain two or 
more words, the delimiter parameter may be supplied. 

A dala set and variable name may be supplied as parameter, instead of a list. 
This routine was written to handle various series of variable names, which were 
subsets of a proc CONTENTS output data set. See test data and example 
usage in the CHECKALL paper. 

Scanning macro values from a fist 

The SAS macro fundion scan opera1es the same as the SAS language function. 
In order to construct a ioop which has a dala-dependent tennination, H is 
necessary to use and test a temporary variable lor the exh condhion. Here is 
pseudo-code for a loop that converts a list to array-etements: 

i~ ITEMLIST is .at blank thea 
inltiodize: 

I := 1 
pick I·th ITEM fr .. lTEMLIST 

loop: 
assign ITEM to Hero· variable 
!ncr_ent index 
pic:k I-th ITEM fr. ITDlLlST 

until 'TO is blank 

Whereas the pseudo-code shows that the test is done at the bottom 01 the loop, 
SAS attaches the until function to the Herative %00 at the top 01 the loop. As 
noted in the Caution section below, the macro variables are global. The index is 
incremented using the %eval function. At the loop exH the index is off by one; 
the dimension is therelore index - 1. The delimHer parameter is the defautt for 
the scan fundion minus comma, and semicolon. 
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'doETl '"': 
ftUT ITEII • ~n(.uTEllU$T.&I •• IDELDlt11I:); 
\DO 'cuntl1(.&l'I'III .. ); 

%IIII0NI IMAYllME.U; 
%l.ET IMAYIIAIIE.U • U1'EM.; 
%LIT I .. %0,,&1(&%1' 1,; 
%LET nEIl .. '4C&ft(UTDILlST.U.,IDILDll1II); 

1* PoOO 'Wnt11'"', ~IID; 
'tOlohl D1'N..IMAYIIM: 
'4.£T DDI_&AftA ........ '-\,111(.&1 • 1); 

Sympul: macro values from a data sel variable 

SAS language provides the symput function 10 transfer values from a data set 
variable to the local or global macro environment. In fis simplest fonn tt takes 
two arguments which are illustrated here for varType and the dimension. 

Whereas the dimension of a list is unavailable until H has been completely 
scanned, the dimension of a data set is available belere processing through the 
use of proc CONTENTS. The variable's type - numeric or character - is saved 
for later use. 

Macro: ':0. 2, IItep 1: 
pro.: CONTENTS d.ta = &DATA (keep = &VAR.) noprint 

out = CONTENTS (keep = NoJa. Typ. }; 

DATA _NULL_; 
1 •• 9th V.rTyp. I 1; 
set CONTENTS; 
if Type = 1 thea VarType = 'N'; 
e18e VarType = 'C'; 
call .y.putC-VARTYPE M ,Vartype); 
oall .y.,ut(·DIM_&ARAYNAME·.trim(l.~t(put(N.b •• 32.»»; 

$toPi runi 

... local I; 
\.DO I = 1 "'TO dDIIL&A.RAYNAME.; -.global AARAYNAME.I.I.; 

'ENDj 

Using three lunctions .- trim(left(put(Nobs - to convert an integer to a character 
expression seems like programming overkill. While this is unnecessary when 
the macro variable is used as a number, rt is critical that the macro variable 
have no leading or trailing blanks when used as part of a lonnat. For examples, 
see the CHECKALL paper. 

In this next step we are creating a sequentially-numbered series of macro 
variables, the first argument to symput is a complex SAS language character 
expression. When a SAS data step is optimized wtth a do until(EndoFileJ loop, 
the SAS supervisor observation counter, _N_, is replaced with an explicHly 
retained index, I, which Is used to construct the numeric suffix of the macro 
variable series. When the variable is numeric, a generic numeric fonnat is used 
to avoid a character-to-numeric warning in the SAS log; both character and 
numeric values are leU justHied and trimmed of trailing spaces. 

hero: c ... 2. nep 2: 
DATA _IUU_i 
,..1.1 .. J 0; 
clo .ntil (IndoFile» ; 

J + '; 
c.ll .. ymputc'&AU\1LfIIIE' It left(,ut(l, 7.0 )). 

trlm(l.f1( 
Pd. -aVMTYPE' ..... "TIll" Dut (IlYAIl. Hst32.1t) 
t.;EW aVAI; 

stop; run; 

/-$JlIIPut clOSIIN-' »)); 
,-., lIfIti1(EndoFlle)-' .nd; 

The complete production copy of macro ARRAY with test data is below. 



Caution 

SAS provides no method to limn the scope 01 macro variables, The cost of 
hiding the details of converting a list to a series of macro variables is that the 
macro variables returned are global variables, 

CONCLUSION 

The SAS language array and do statements are a simple programming tool 
which allow a programmer to access a list of variables, The SAS macro 
language allows a programmer to access a list of ttems with a %00 stalement 
but lacks a specific %ARRAY statement This paper has presented a macro 
ARMY which converts etther a list or values of a variable into a 
sequentially-numbered series of macro-variables wtth common prefix and 
sequential nurnericsuffix and also retums a macro-variable wtth the dimension, 
This routine hides complexity and simplifies readabiltty of programs which 
contain macro loops, 

The SAS macro language is a Simple language, tt's simplictty leaves many 
advanced programming concepls apparenfly unavailable, It's simplicity is an 

asset in that, wtth some forethought and planning, generic tools can be relatively 
easily written, This macro was inttially developed to take a list of variable names 
as a parameter, Mer some usage tt became apparent that adding lhe option \0 
accept a data set as parameter would eliminate tedious typing 01 the variable 
lists, and, in addition, since the routine was then data-driven, guarantee the 
accuracy of the data Ihus processed, 
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/*****************************************************_. __ *_ •• AAAAAAA __ 

"MACRO: ARRAY 
" PARAMETERS: 
" 
" 
" 
" 
" 
• 
* 
* 
* 
* 

* 
• 
• 
* 
• 
* 
* 
" 
* 

array-naae 
array-eleRent values: either of 

horizontal list of array ele.ent values 
del1aiters .ay be specified, see default list 

vertical list: data set w/ variable containing array values 
USAGE: 1, %_ACRAY(ARAYNAME,ITEM-LIST); 

2. %_ARRAY(ARAYNAME,ITEM-LIST,DELIMITR=/); 
3, %_ARRAY(ARAYNAME,DATA=DATANAME,VAR=Var-Name); 

DESCRIPTION: 
This macro returns a series of global .acro-variables 
named &ARAYNAME. 1 &ARAYNAME _ 2 .. lARA YNAME. n 
and a .acra-variable naaed DIM_&ARAYNAME. 
i.e. %ARRAY(VAR,Q04A Q04B Q04C)j 
returns: VAR1::Q04A VAR2::Q04B VAR3::Q04C, DIM_VAR::3 

NOTES: 
length(ARAYNAME) aust be <= 4 
length(ARAYNAME) + length{dim_ARAYNAME) must be <= 8 

CAUTION: creates %GLOBAL .acro-variables 
PROCESS: case 1: scan user-provided list of array-eleaents 

case 2: data set: call symput of variable 

• 
• 
• 
• 
• 
• 
• 
* 
* 
* 
* 
• 
• 
* 
* 
* 
* 
• 
• 
• 
• 
* 

• case 3: errorasg * 
• KEYWORDS: array %ARRAY CONTENTS deliaiter loop macro PARMBUFF %scan • 
* symput SYSPBUFF %until • 
********************************************************** •• ***********/ 

%MACRO ARRAY( '* */ 
ARAYNAME ,*.acro-var array-name: len(array-naae) .ust be <= 4 "' 

,ITEMLIST ,"horizontal list of array-eleaent values "' 
,DATA ,"vertical list: data set name "' 
,VAR ,"vertical list: variable in data set "' 
,DELIMITR=%STR( ).<%str({)]&I$*%str(»A-I%>\I"deliaiter of horiz-list "I 
)/PARMBUFF;I* see SYSPBUFF usage in error .sg ------------------------", 
%IF 'IARAYNAME' ne ","- case 1: ARAYNAME & ITEMLIST ---- ____________ "1 
and "&ITEMLIST' ne "" 
and %length(&ARAYNAME) le 4 %TNEN %DO; 
%local I ITEM; 
%LET I = 1; 
%LET ITEM = %scan{&ITEMLIST,&I.,&DELIMITR)j 
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%DO %until(&ITEM = ); 
%global &ARAYNAME.&I; 
%LET &ARAYNAME.&I = 
OoLET I 

&ITEM. ; 
Ooeval(&I + 1); 

%LET ITEM = %scan(&ITEMLIST,&I.,&DELIMITR); 
'" %DO Oountil"' %END; 

~.global DIM_&ARAYNAME; 
OoLET DIM_&ARAYNAME = %eval(&! • 1); 
%PUT macro proc ARRAY returns array: &ARAYNAME, dim=a&DIM_&ARAYNAME.; 
%PUT from list <&ITEMLIST.>; 
'" •••••••••••••••••••••••••••.•••••••••••• ARAYNAME & ITEMLIST "' %END; 

%ELSE %IF "&ARAYNAME' ne ., '*. case 2: ARAYNAME & (DATA & VAR) •••••• *' 
and '&ITEMLIST' eq 
and '&DATA" ne ' , 
and '&VAR' ne ' , 
and %length(&ARAYNAME) Ie 4 %THEN %DO; 

proc CONTENTS data = &DATA (keep = &VAR.) no print 
out = CONTENTS(keep = Nabs Type); 

%global DIM_&ARAYNAME; 
DATA _NULL_; 

length VarType $ 1; 
set CONTENTS; 
if Type = 1 then VarType = 'N'; 
else VarType = 'C'; 
call symput("VARTYPE' ,VarType); 
call symput('DIM_&ARAYNAME',tr1m(left{put(Nobs,32.»»; 

stop; run; 
%local I; 
%DO I = 1 %TO &&DIM_&ARAYNAME.; %global &ARAYNAME.&I.; 
DATA _NULL_; 

retain I 0; 
do unt1l(EndoFile); 

set &DATA end = EndoFile; 
I + 1; 
call symput('&ARAYNAME' !! 

%IF "&VARTVPE' = 'N' %THEN 
%ELSE 

left(put{I , 7.0 I), 
trim(left( 

put(&VAR,best32.16) 
&VAR 

%END; 

,"symput closure"! Ill; 
"do until(EndoFile)" end; 

stop; run; 
%PUT macro proc ARRAY returns array: &ARAYNAME, dim=&&DIM_&ARAVNAME.; 
%PUT from data = &DATA, var = &VAR.; '* ...................................... ARAYNAME & (DATA & VARI" "END; 
%ELSE %DO;," print error m8g ••••••••••••••••••••••••••••••••••••••••• "' 

%PUT ERROR: in macro ARRAY:; 
.. PUT array· name : required; 
%PUT array· elements may be list, or (data and var); 
.. PUT list : ARRAY(ARAYNAME,ITEM·LIST); 
%PUT data+var: ARRAY(ARAYNAME,DATA=DATA.NAME,VAR=VAR.NAME); 
.. IF %length(&ARAYNAME) gt 4 .. THEN 

%PUT length(ARAYNAME) must be <= 4; 
%PUT parmlist: <&SYSPBUFF.>;,*from ,PARMBUFF macro statement option"' 
",pUT parm: ARAYNAME = <&ARAYNAME.> length = <%length(&ARAYNAME»; 
.. PUT parm: ITEMLIST <&ITEMLIST.>; 
.. PUT parm: DATA = <&DATA.> 
%PUT parm: VAR = <&VAR.> '* , ............. , ............... , . , ................ . ANY ERRORS", %END; 
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1* • •••••••.•••.•••••••••••••••••••••••••••••••••••••••• ARRAY *1 .... END; 
I*·test data ••••••.••••• enable by ending this line with slash (I) *. 

%MACRO DEMO(ITEMLIST);' typical usage •••••••••••••••••••••••••••••••• *; 
%ARRAY{VAR,&ITEMLIST.)j 
%110 I = 1 %TO &DIM_VAR. j %PUT VAR&I. :: &&VAR&I. j %END; . 
~ ••••••••••••••••••••••••••••••••••••••••••••••••••••••• DEMO 'It; 'aiIVIENDj 

%IIEMO{Q04A Q048 Q04C)j%PUT _use~_; 
DATA TESTj 
input @1 Variable $char8.j 
ca~ds; 

Q04A 
Q048 
Q04C 
jRUN; 
%ARRAY(F,DATA = TEST,VAR = Va~iab1e);%PUT _user_; 
%ARRAY(G)j*see e~ror msg; 
%ARRAY(T008IG,A 8 C D E);'see erro~ msg; 
RUN; I" ••••••••••••••••.•••••••••••••••••••••••••••••••• END TEST DATA' I 
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