beginning tutorials

%ARRAY: construction and usage of arrays of macro variables

Ronald Fehd, Centers for Disease Control, and Prevention, Atlanta GA

ABSTRACT

The SAS® soltware data step statement amay V (3} $ V1-V3 (A'B' 'C;
produces three character variables named V1, V2, and V3 with corresponding
initial values, A", 'B", and 'C* and a function, dim(V), which retums a value of 3.
Programmers can write simple macra tools for use in larger macro procedures.
These tools can duplicate SAS dala step constructions that the programmer is
already comfortable using and make reading and comprehension easier. The
macro statement %ARAAY(V,A B C) produces thres macro-variables named
¥1, 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 %00 | = 1 %TO &DIM_V.;

This paper examines the SAS data step amay statement and discusses the
issues in constructing and using arrays of macro-variables. The macro ARRAY
takas parameters of aither a list of elements or a data sat.

Note: macro ARRAY is a basic utifity used in two other papers that address
muttiple-response data; CHECIKALL and SHOWCOMB,

INTRODUCTION

A common 1ask for an experienced programmer is to recognize a recuning
pattern of code and then to encapsulate that pattern in a routine which hides the
complexity of processing, while still enabling a laler 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 statemeht & dimension {dim) function

The explicit array statement in SAS has seven phrases; we will examing the
four that are most commonly used:
1. ARRAY is the SAS stalement key-word
2. array-name; required
3. subscript: required, either of

{a}: number supplied for creation of a serigs of variables

{*}): asterisk indicating subscript is determined by

SAS software by counting the supplied arcay-elements

4. array-elements: an optional list of variable names

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

Atypical usage of the array statement would consist of accessing one s of
variables in order to repeat some processing on each variable. The examnple in
program 1 below reads in three Fahrenheit temperatures and converts them {o
Calsius. Nole that the proc CONTENTS listing shows that SAS has crealed a
series of variables based on the absence of the array-elements in the amay
Celsius statement. Their names —~ Celsius1, Celsius2, and Celsius3 -
correspond 10 the way the variables are accessed in the iterative loop by the
array convention of Celsius{1}, Celsius{2}, and Calsius{3}.

Programn 1

data TEMPRATR;
input Low Med Hi;
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*nete: no array-elements, see also CONTENTS;
array Celsius {3};

array Farnheit {*} Low Med Hi;

do I = 1 to dim(Faraheit);

Celsius{I} = (Farnheit{I} - 32) * 5/9;
cards;
010 32

end;

;
proc CONTENTS;

- - - SAS output - - -
-~+==Alphabetic List of Variables and Attributes-----

# Yariable Type Len Pos
4 CELSIUS1 Num 8 29
5 CELSIUS2 Nun 8 32
5 CELSIUS3 Num a 40
3 HI Num 8 16
1 Low Hum 8 1]
2 MED Num -] a

SAS macro language ierative loop

SAS macro variable names lollow the conventions of SAS data step variable
names. SAS construction of a variable name with a common prelix and a
numerical suffix can be duplicated in the SAS macro language in the following
manner.

SLET VARY = G04A;
ALET VAR2 = Q04B;
HLET VARS = Q048:

As in the example in Program 1, each of these magro-variables can be
accessed in a macro fterative loop with the foliowing control statement:

%00 X = 1 %70 33

The dimension of this array of macro variables is a constant and can be
assigned to a macro-variable.

%LET OIM_VAR = 3}

The macro iterative loop can then be written in the more general form:

%Do I = 1 XTC ROIM_YAR:

SPUT VARRI. :: S2VARRI.; MEND;

This loop will write the following note ta the SAS log:

- -BAS 100 - v -
VARL :: G04A
YAR2 :: QO0AR
YARS :: QUiG

This is a construction used regulzarly in certain types of macros, The purpose of

‘this paper is to construct 2 macro that supports this iterative loop. Such a macro

would be named ARRAY, and would have two of the SAS array stalement
phases as parameters: array-name, and array-slement values. This macro
would retum a sequentially-numbared series of macro variables and the
dimension of the array. The array-element vaiues could be ether a provided list
or the values of a variable in a data set. This second option of providing the
array-elemant values in a data set would enable centain macro procedures to be



completaly data-driven. See the following papers tiled CHECKALL and
SHOWCCOMB for examples.

Parameters and Constraints

The simplicity of the SAS macro language both allows and requires construction
of a routing that has the appearance of the SAS language amray statement.
Since this is a constructed routing and not a SAS system implementation, there
are certain relations among the parameters that are constraints.

The first and most obvious is that the array-name pararaeler must {ollow SAS
naming conventions, SAS names may be up to eight characters in length. For
this routine, some number of characters must be reserved for the sequential
numbering of the suffix. As the magnitude of the number of array-elements
increzses, the length of the array-name must decrease 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 form: DIM_<array-names. This construction was
chosen in crder to appear visually similar to the usage of the dimerision
function: dim(<array-name>). This convention reduces the space available for
the array-name prefix 1o a maximum of four characters.

The array-name parameter is both prefix and suffix. As suffix 1o the name of the
returned value of dimension, it can be ne mare than four characters in length.
As prefix 1o the series of macro variables four characters in the aray-name
aflows a maximum of 9,999 sequentially numbered macro variables to be
craated without suffering a "SAS name too long' error. For larger arays, the
length of the array-name can bs shortened to as small as one character.

Array-glements in the SAS dala step array statement are assumed 1o be
delimited by spaces. When array-slement values are provided lo this routine as
‘alist, the magra scan function is used to pick out each value, The delimiters of
the macro function %scan are the sat of non-alpha-numeric characters. For
special cases whers, for instance, an array-element value may contain two or
more words, the delimiter parameter may be supplied.

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

Scanning macro values from a list

The SAS macro function scan operates the same as the SAS language function.

In order to construct a foop which has a data-dependent termination, itis
necegsary to use and test a temporary variable for the exit condition. Here is
pseudo-code far a loop that converts a fist to array-elements:

if ITEMLIST is not blank then
initialize:

I =1

pick I-th XTEM from ITEMLIST
leop:

assign ITEM to macro-variable

increment index

pick I-th ITEM from ITEMLIST
until ITEM is blank

Whereas the pseudo-code shows that the test is done at the botiom of the loop,
SAS attaches the until function 1o the iterative %00 at the top of 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 exit the index is off by one;
the dimension is therefore index - 1. The delimiter parameter is the default for
the scan function minus comma, and semicolon.

Hacro: case 1:
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HLET I a 1;
HLET ITEM  %scan(RITEMLIST, &1, .ADELINITR);
MDD Sunti)L(ATTEN = )3
%plobaI BARAVHAME.SX;
KLET CARAYHAME .4 = KYTEM.:
SLET I = %oval(I + 1);
NET  ITEM = %gcan (SITEMLIST,RI.,EDELINITR);
% %00 wuntil*/ AEND;
%plobal DIM_SARAVYHAME
SLET DIN_RARATNAME = %eval(iI - 1);

Symput: macro values from a data sel variable

SAS language provides the symput function to transier values from a data set
variable to the local or plobal macro environment. In its simplest form it takes
two arguments which are illustrated here for VarType and the dimension.

Whereas the dimension of a list is unavailabie until it has been completely
scanned, the dimension of a dala set is available befcre processing through the
use of proc CONTENTS. The variable's type -~ numeric or character — is saved
for later use.

Macreo: case 2, step 1@
proc GONTENTS datx = &DATA  (keep = &VAR.) noprint
eut = CONTENTS{keep = Nabs Type );

“giohal DIK_&ARAYNAME;

DATA _NULL_; -

Length VarType § 13

set CONTENTS:

if Type = 1 thes VarType = 'N';

else VarType = ‘¢';

call symput{“VARTYPE" ,VarType);

call symput(“DIM_SARAYNAME",trim{left(put(Nobs,32.))));
stop; runj

%local I;
<D0 I = 1 %T0 SEDIM EARAYNAME.: %global SARAYNAME.SI.:
SEND;

Using three functions -- trim{lefi(put{Nobs ~ 1o convert an integer to a character
expression seems like programming overkill. White this is unnecessary when
the macro variable is used as a number, i is critical that the macro variable
have no leading or trailing blanks when used as part of a format. For examples,
see the CHECKALL paper.

In this next step we are creating a sequentially-numbered series of macro
variablas, the first argument lo symput is a complax SAS language character
expression. When a SAS dala step is optimized wilh a do until{EndoFiiz) loop,
the SAS supervisor observation counter, _N_, is replaced with an explicitly
retained index, |, which is used 1o consiruct the numeric suffix of the macro
variabla series. When the variable is numeric, a generic numeric lormat is used
to avoid a characterto-numeric waming in the SAS log; both character and
numeric values are left justified and trimmed of frafling spaces.

Macro: case 2, 3tep 2@
DATA _MULL 7
erotain I 03
do until{EndoFile);
sot DATA end = EndoFile;
I+

call SYmpUL("SARAYWAME® 1t left{put(X , 7.0 )),
trim(leT1(

KIF "SVARTYPE® = “N° “THEW DUL(RVAR, DOFLI2,18) H

SELSE AVAR ;

i*symput closure*/ )});
/*do until(Endofile)*; and;
stop; rung

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

SAS provides no method to limit the scape af macro variabies. The cost of
hiding the details of converting a list 1o a series of macro variables is thal the
macro variables refurned are global variables.

CONCLUSION

The SAS language array and do statements are a simple programming too!
which allow 2 programmer to access a list of variables. The SAS macro
language allows a programmer {o access a kist of ilems with a %DO statement
but lacks a specific %ARRAY statement. This paper has presented a macro
ARRAY which converts either a list or values of a variable info a
sequentially-numbered series of macro-varlables with common prefix and
sequential numeric suffix and also returns a macro-variable with the dimension.
This routine hides complexity and simplifies readability of programs which
contain macro loops.

asset in that, with some forethought and planning, generic tools can be relatively
easily written. This macro was initially developed to take a list of variable names
as a parameter. After some usage it became apparent thal adding the optionio
accept a data sef as parameter would eliminate tedious typing of the variable
fists, and, in addition, since the routine was then data-driven, guarantee the
accuracy of the data thus processed.
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The SAS magro language is a simple language. It's simplicity leaves many
advanced programming concepls apparently unavailable. It's simplicity is an

,**!*tt***i**tt*tiiiii**iti!****t*t**t**iitii***!***ttt*ttt!tit*t!ttt!t

* MACRO: ARRAY *
*  PARAMETERS: ‘ *
* array-nape ) *
* array-element values: either of *
* horizontal list of array elexent values ) *
* delimiters may be specified, see default list *
- vertical 1list: data set w/ variable containing array values *
* USAGE: 1. %_ARRAY(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 macro-variables *
* named &ARAYNAME.1 &ARAYNAME.2 .. ZARAYNAME.n *
* and a macro-variable named DIM_SARAYNAME. *
* i.e. %ARRAY(VAR,Q04A QU4B Q04C); *
* returns: VAR1::Q04A VAR2::Q04B VAR3::Q04C, DIM_VAR::3 *

NOTES: *
* length(ARAVNAME) must be <= ¢ *
* length{ARAYNAME) + length{dim_ARAYNAME) must be <= 8 *
* CAUTION: creates %GLOBAL macro-variables *
* PROCESS: case 1: scan user-provided list of array-elements *
* case 2: data set: call symput of variable *
* case 3; error msg *
* KEYWORDS: array %ARRAY CONTENTS delimiter loop macro PARMBUFF %scan *
* symput SYSPBUFF %until *
tii*tﬂti!*n!ttlfittt!************ttntﬂtnt*l******tt.t******iiiiltt*t***/
%MACRO ARRAY(/* */
ARAYNAME /*macro-var array-name: len(array-name) must be <= 4 *!
s ITEMLIST [*horizontal list of array-element values */
,DATA =, /[*vertical list: data set name “f
. VAR =. /*vertical list: variable in data set */
;DELIMITR=%STR( ).<%str{{)]&!$*%str()) - /%>\/*deliniter of horiz-list */
) /PARMBUFF; /* see SYSPBUFF usage in error msg -------c--u-cveccccnncn. */
%IF “BRARAYNAME" ne ""“/*- case 1: ARAYNAME & ITEMLIST «--ccvcevccccncnn */

and "&ITEMLIST" ne ""

and %length(ZARAYNAME) le 4 %THEN %DO;
%local I ITEM;

%LET I = 1;

%LET ITEM = %scan(&ITEMLIST,&I.,&DELIMITR);
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%D0 %Suntil (&ITEM = );
%global &ARAYNAME.&I;
%LET SARAYNAME . &I
%LET 1
%LET ITEM

&ITEM. ;

%eval{&I + 1);

%scan(&ITEMLIST,&I. ,RDELINITR);
/* %DO %until*/ %END;

%global DIM_&ARAYNAME;

SLET DIM_ZARAYNAME = %eval(&I - 1);

%PUT macro proc ARRAY returns array: &ARAYNAME, din=8&DIM_&ARAYNAME. ;
%PUT from list <&ITEMLIST.>;

™ et ananasasanccnssananans wesssrnvenass ARAYNAME & ITEMLIST */ %END;
%ELSE %IF "&ARAYNAME" ne "* /*- case 2: ARAYNAME & (DATA & VAR) ------ *f
and "&ITEMLIST" eq *"
and "&DATA" ne “."
and "&VAR" ne "."

and %length(ZARAYNAME) le 4 STHEN %DO;

It

proc CONTENTS data = &DATA  (keep = &VAR.) noprint
out CONTENTS (keep = Nobs 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 _SARAYNAME", trim(left{put(Nobs,32.))));
stop; run;
%local I;
%D0 I = 1 %TO &8DIM_SKARAYNAME.; %global RARAYNAME.&I.; %END;
DATA _NULL_;

retain I 0}

do until (EndoFile);

set &DATA end = EndoFile;

1+1;
call symput("&ARAYNAME" !! left(put(l y 7.0 )),
trim{left(
%IF “S&VARTYPE" = "N" %THEN put{&VAR,bes132.16) H
%ELSE &VAR H

/*symput closure*/ }});
/*do until(EndoFile)*/ end;
stop; run;
%PUT macro proc ARRAY returns array:!: ZARAYNAME, dim=&&DIM SARAYNAME.;
%PUT from data = &DATA, var = EVAR.;
J* canvnecanrsnnaosssannnsssacrsccaccenssc ARAYNAME & (DATA & VAR)*/ %END;
%ELSE %DO0;/* print error msg -----------esreccnccrencascccacancnes cenatf
%PUT ERROR: in macro ARRAY:;
%PUT array-name @ required;
%PUT array-elements may be list, or (data and var};
%PUT 1ist t ARRAY (ARAYNAME, ITEM-LIST);
%PUT data+var: ARRAY({ARAYNAME ,DATA=DATA-NAME,VAR=VAR-NAME);
%IF %length(&ARAYNAME) gt 4 %VHEN
%PUT length (ARAYNAME) must be <= 4;
%PUT parmlist: <&SYSPBUFF.>;/*from /PARMBUFF macro statement option*/
%PUT parm: ARAYNAME = <&ARAYNAME.> length = <%length(SARAYNAME)>;
%PYT parm: ITEMLIST = <EITEMLIST.>;

%PUT parm: DATA = <gDATA.> 3
%PUT parm: VAR = <&VAR.> 3
I e enenrananns Ceetiesensnaessriarressnsansrsenenss ANY ERRORS*/ %END;
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I  eteenanenassamennosnssnmrsvrrrmanmossosrrsrranrranrance ARRAY */ %MEND;
/*-test data ------------ enable by ending this line with slash (/) **
%MACRC DEMO{ITEMLIST);* typical usage re-eccccccccrscnccnnaancrecsnans *s

%ARRAY (VAR , SITEMLIST. )}
%D0 I = 1 %TO0 &DIM_VAR.; %PUT VAR&I. :: &RVARRI.; %END;
E i usdeerrrsreasaersrarrasrsaneataaanas Nreeacans esese. DEMO *; %MEND;

%DEMO (Q04A Q04B QO4C) ;%PUT _user_;

DATA TEST;

input @1 Variable $chars.;

cards;

Qo4A

ao48

Q04cC

;RUN;

%ARRAY(F ,DATA = TEST,VAR = Variable):;%PUT _user_;
%SARRAY(G); *see error mnsg;

%ARRAY(TOOBIG,A B C D E);*see error msg;

L cannasnesns +« END TEST DATA*/
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