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Abstract

This paper summarizes the major changes and enhancements that
have been added to the macro facility of the SAS® System in
Release 6.11. These macro enhancements are experimental in
Release 6.11. Examples of these enhancements will be given in
the paper. Additionally, sample macro examples are availabie for
access using SAS Institute’s Internet gateway.

intraduction

A new macro staternent, %SYSCALL, provides the ability to access
SAS CALL routines and SAS/TOOLKIT® user-written CALL routines.
There are three new macro functions. The %SYSEVALF macro
function does floating point avaluation. %SYSFUNC and

%G SYSFUNC macro functions provide macro facility interfaces
to SAS functions and to functions written with SAS/TOOLKIT.

The %PUT macro statement has been enhanced to write all macro
variable names, their referencing environments, and their values to
the SAS log. Using the %PUT statement with ene of the keyword's
_ALL , _AUTOMATIC_, _USER_, _LOGAL_ or_GLOBAL_ will
give macro programmers the ability 1o list alt macro variable
names, all automatic macro variable names, alf user-defined
macro variable names, all macro variables in a local scope, or all

macro variables in a global scope.

Base SAS software users will be able to access a set of functions
similar to the SAS/AF® software Screen Control Language furc-
tions through the macro facility using the new %SYSFUNC and
%QS8YSFUNC macro functions. Some of the newly accessible
functicns are included in an appendix.

%SYSCALL Macro Statement

The %SYSCALL macro statement can access SAS Sysiem CALL
routines or user-written CALL routines created with SAS/TOOLKIT.
In order 1o avoid macro name collisions with the names of users'
existing macros, the SAS System uses the reserved prefix lefters
8YS. The %SYSCALL macro staternent ¢an be inside a macro
definition or in open code.

The form of the %SYSCALL statement is:
%SYSCALL cafl-routine <{call-rautine argument fist)>;

where
call-routine names a SAS System or user-
written CALL routine.
call-routine argument list a list of macro variable names

separated by commas.

CALL routine invocation passes the value of a macro variable by
reference. Call by reference means that the CALL routine can mod-
ify the value of the macro variable. Each value of each macro vari-
able argument is fetched and passed to the CALL routine. Upon
retum from the CALL routine, the values for each argument are
written back to their respective macro variables.

This behavior is similar to the behavior of the %SUPERQ macro
function. Like %SUPERQ, the macro variable in the argument #ist
must be the names of macro variables with no leading ampersands
or macro expressions that produce the names of macro variables
with no leading ampersands. But unlike %SUPERQ, the arguments
to %SYSCALL are not guoted. Note that this syntax of no leading
ampersands is not the traditional macro syniax. No result value is
produced upon retum from the execution of a %SYSCALL macro
statement; the values of macro variables that were passed by
%SYSCALL are altered.

OPTION MLOGIC will issue an informational message for the
%SYSCALL statement during macro execution, as it does for
other macro statements.

The LABEL, VNAME, SYMPUT, and EXECUTE CALL routines are
not accessible using the %SYSCALL macro statement,

Examples of the $%SYSCALL Macro Statement

The following macro statements flustrate the %SYSCALL statement:

%let a = 123456;

3let b= ,;

$syscall ranuni(a,b);
fput &a, &b}

In this example, the value of the macro variables A and B are
character strings, 123456 and *.’ respectively. The macro state-
ment %SYSCALL RANUNI(A,B) invokes the SAS CALL
RANUNI routine. As a reminder, the SAS CALL RANUNI routine
takes two arguments:

RANUNI{sead x)

where
seed Is an integer. If seedis less than 0 or equal ta Q, the
time of day is used to initialize the seed stream. A
new value for seedis retumed each time CALL
RAMUNI is executed.,

X is a numeric value. A new value for the random variate
% is relumed each time CALL RANUNI is executed.

In this example, the %SYSCALL macro statement converts the A
and B magcro variables’ values from character strings 123456 and
‘.’ to the data types as required for each argument to the RANUNI
CALL routine. The character string 123456 is converted to an inte-
ger and the period is converted 1o a numeric missing value. A
numeric vaiue is stored in floating point format. The CALL RANLUNI
routine executes and retums an integer value for the seed and a
numeric value for the x variate to the %SYSCALL macro routine.
%SYSCALL converts the newly retumed arguments back from
integers and numerics to character strings, the standard macro
data type. The macro variable values are updated with these new
character strings. In this example, the macro variable A is updated
to the character string 1587033266 and the macro variable B has
the character string value of 0.739019954.

This %PUT statement:
tput &a &b;

writes these macro variable values for macro variables A and B to
the SAS log

1587033266 0.739019954

If there are problems converting the macro variable character
string to the appropriate data type for the CALL routine, the
%SYSCALL macro statement will issue errors or wamings,

For exampie, the following program:

tlet al = 1,23}

tlet bl = .8885;
S$gyscall ranuni{al,bl);
%put &al &bl;

will have character strings for A1 and B1 macro variable values of
1.23 and .8885.
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The %SYSCALL macro statemnent will be unable 1o convert the Al
macro variable character string 1.23 to an integer value as required
for the first argument, the seed, to CALL RANUNI and this waming
message will be issued fo the log:

WARNING: Argument 1 to function RANUNI referenced

by the %SYSFURC or %QSYSFUNC macro function is
missing or out of range.

The value of macro variables A1 and B1 will remain unaliered and
the %PUT statement will generate unaiterad strings 1.23 and .8885.

°.SYSEVALF Macro Floating Point Evaluation Function

The new %SYSEVALF macro function evaluates arithmetic and
logical expressions in the macro language performing floating
point arithmetic. The result of the %SYSEVALF function arithmetic
evaluation is formatted using BEST12. format. The result of the
%SYSEVALF function arithmetic evaluation can be optionally con-
verted by specifications of Boolean, ceil, floor, integer, or truncaie
functions. In arder to avoid macro name collisions with the names
of users’ existing macros, the SAS System uses the reserved pre-
fix letters SY'S. The %SYSEVALF macro function can be used
inside a macro definition or in open cods.

The form of the %SYSEVALF function is:
SYSEVALF(expression<,specification=)

where

expression may be a floating point number.

specification may be the following conversion operation
specifications: BOOLEAN, CEiL, FLOOR,
INTEGER, TRUNCATE.

The %SYSEVALF macro function differs from the traditional %EVAL
macro function in its gvaluation of floating point numbers. The tra-
ditional way to evaluate an expression in the macro facility is the
explicit or implied use of the %EVAL function. All features in the
macro language that evaiuate expressions contain an implied

. %EVAL. The %EVAL function performs integer arithmetic. Therefore,
with %EVAL, calculations on fractions are not allowed, and the
division operation resuliing in a fraction is truncated to an integer.

Explicit use of the %SYSEVALF function will allow flcating point
arithmetic.
Example Using the %SYSEVALF Function

Suppose the following macro variables are defined:

tlet a = 100;
tlet b = 200;
tlet ¢ = 1.597;

Then the following statement writes the value 300 to the SAS log:
sput teval(&a +&b);

The character strings A and B have been converted to integers,
the integer operation performed, and the resulting integer is con-
verted to a character string. However, conversions of the character
string value of the macro variable C from 1.597 to an integer value
would fail. The following macro expression:

sput feval{sa + &c);

would generate an error message since the value of C, the charac-
ter string 1.597, could not be converied 1o an integer. The following
message would be written to the log:

ERROR: A character operand was found in the

$EVAL function or %#IF condition where a

numeric operand is required. The condition
was: 100 + 1.597

By using the %SYSEVALF function instead of the %EVAL function
the following expression would write 101.587 1o the log:

tput tsysevalf(ia +&¢):

This evaluation with the %SYSEVALF macro function is successful
because the character values for both macro variables A and C
can be converled to numeric values. The %SYSEVALF macro
function does floating point arithmetic and converts the result back
to a character string 101.597.

Optional specifications to the %SYSEVALF function convert the
results accordingly. For example,

tput tsysevalf{sa +&e, boolean);

tput tsysevalf(sa +ac, ceil);

tput tsysevalf(sa +ac, floor);

tput kgysevalf(éa +4¢, integer);

fput tsysevalf{ia +ic, truncate);

would write 1, 102, 101, 101, and 101 respectively to the log.
%SYSFUNC and %QSYSFUNC Macro Functions

The %SYSFUNC and %Q08YSFUNC macro functions can be used
to access SAS System functions or user-written functions generated
with SAS/TOOLKIT,

In order 1o avoid macro name collisions with the names of users’
existing macros, the SAS Sysiem uses the reserved prefix letters
SYS for the %SYSFUNC function. Beware of the potential for a
macro name collision with %QSYSFUNC. The %SYSFUNC and
%QSYSFUNC macro functions can be used inside a macro defini-
tion or in open code.

These additional macro functions provide support for constructs
that users of the macro facility may have had difficuity overcoming
in the past. The new macro functions can be used to oblain the
option names and values for SAS host, base, and graphics
options, They can aiso be used 1o open SAS data sets, 10 obtain
attribute information, 1o close SAS data sets, and to read and write
to extenal files.

The form of the functions is:
%SYSFUNC (function(function argument list)<,format>}
2% QSYSFUNC (function{function argument list)<,format>)

where
function is the name of the SAS
function or user-written
function to be executed.

is a list of arguments to
the referenced function.

format optionaily specifies a SAS
or user-defined format or
user-written format to be
used 1o format the result
of the function referenced.

With 9%SYSFUNC and %QSYSFUNC, each argument to the refer-
enced SAS function is evaluated and converted to the appropriate
data type, numeric or character, as required by the referenced
function. if necessary, an implied %SYSEVALF function will con-
vert the magcro ¢haracter string to a floating point number. The
SAS or user-written function executes and retums the resulls to
the magro facility. The retumed result of the referenced function is
converied to a character string, the standard macro variable value
type. Numeric results will be converted to a character string using
the BEST42. format. Characier function results are taken as is; no
formatting or translation is necessary.

All results from either the %SYSFUNC or%QSYSFUNC macros
can be formatted using one of the SAS System formats, any user-
defined farmat generated by PROC FORMAT, or any user-written
format created with SAS/TOOLKIT. This optional second parame-
ter to these SAS functions specifies a format that overrides the
function’s default format.

The number of arguments required by the referenced function is
checked, and an appropriate error messages are generated when
necessary. Type conversion errors are aiso generated when
detected, and execution of the function terminates.

function argument list
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If an error cordition has accurred, the appropriate retumn value is
generated based on whether the result of the function is numeric or
character. Numeric error values are missing and converted toa *.'
character string. Character error values are null and converted to a
 character string.

The %QOSYSFUNC macro function is identical to the %SYSFUNC
macro function except that the result of the function is quoted.

All SAS functions are accessible with %SYSFUNC crfeQSYSFUNC
except: DIM, LAG, DIF, HBOUND, LBOUND, PUT, INPUT, SYMGET,
and RESOLVE.

Simple Examples of %SYSFUNC

The %SYSFUNC and %QSYSFUNC macra functions allow users
1o access SAS funciions not previously available through a simple
interface with the macro facility. This section containg simple exam-
ples of the macro facility using the SAS DATE(), TIME(}, and
TRANSLATE() functions as macro functions.

The macro facility readily provides the ability to produce the date on
which & SAS session began to execute. For example, the automat-
ic macro variable SYSDATE will produce a title with the date on which
your SAS session started executing in DATEB. orDATE?. format.

title ~isysdate Is the Date This 5ession Began~;

would produce the titie
15APR95 Is the Date This Sessicon Began

If you wanted the current date, not the date on which your session
began, the follawing macro statement:

¥sysfunc(date(});

would execute the SAS date function and produce the current SAS
date value.

To produce a titie with the current date formatted into a form such
as April 15, 1995, use DATE() and the WORDDATE. fermat.

title “%sysfunc(date(),worddate.) Is the Current
Date”;

would preduce the title
April 15, 1995 Is the Current Date

The automatic macro variable SYSTIME produces the time the
SAS program started executing in TIMES.format, as in 14:17. But if
you want the current time, the following macro code would write
the current time to the log formatted as hh:mm:ss:

%let time = ¥sysfunc(time()):
tput Ssysfunc{putn(stime, time.)):;

The first %SYSFUNC function executes the TIME() function that
retums the current time of day as a SAS time value such as
53526.08. %SYSFUNC converts the SAS time value to a character
string as the value of the macro variable TIME. The %PUT state-
ment will write io the log the character string that is retumed by the
second %SYSFUNC function. In this case, the %SYSFUNC con-
veris the character value of the macro variable TIME to a numeric
value. The system function PUTN retusns the formatted value of
the numeric, using the numeric format TIME. as a character value
that the %PUT statement writes to the log as the current time, for
example, 14:52:06.

There is no simple TRANSLATE macro function available in the
macro facility. However, using the %SYSFUNC function, a user
can interface with the TRANSLATE() function. If you wish 1o trans-
late N's to P's in an arbitrary string using a macro (e.g. VO1NO1
should be translated to VO1PQ1), you ¢ould use a more complicat-
ed algorithm writing a sophisticated macro considering special
characters, such as a -, or you could simply use the %SYSFUNC
function to access TRANSLATE ():

tlet stringl = %¥sysfunc(translate(&stringl,P, N));

This simple statement would convert the value of the macro vari-
able STRING1 from VO1NO1 to VO1P01. it could alse convert more
complex valugs for STRING1, such as VOTNO01-VO1IN10 to
VD1P01-VO1P10.

[y

Simple Example of %SYSFUNC Using User-defined Format

The following code produces a user-defined format X using the
FOQRMAT procedure:

proc format;
value x
Low~<Q0 = ’‘Less Than Zero’
0 = ‘Equal To Zero’
p<-high = ‘Greater Than Zero’
other = ‘Missing’;
run;

The following macro below is defined to take a parameter PARM
and write ihe value of the parameter to the log using the PUTN
function.:

Smacro try(parm);
gput &parm is $sysfunc(putn{sparm,x.));
$mend;

When the macro %TRY is invoked, the %SYSFUNC converts the

character value of the PARM macro variabie 1o a numeric value for
the PUTN function. The PUTN function returns as a characler value
the formatied value of the numeric using the user-defined format X.

Invoking the %TRY macro as:

$try(1.02)
try(.})
stry(~.38)

waould write the following 1o the log:

1.02 is Greater Than Zerc
. is Migsing
-.38 is Less Than Zero

Ancnymous FTP File Using New Macro Function Interface

We have created a set of macro routines using the %SYSFUNC
macro function that correspond in name and argument specifica-
tions to the functions supplied by SAS. This file defines macros from
%ABS(} to %ZIPSTATE(), which are compatible with the SAS func-
tions documented in Chapier 11, “SAS Functions,” in Language:
Reference, Vearsion 8, First Edition.

These macro routines are available in a file, functions.sas, for
users who can use anonymous file transfer protocol (FTP). See
“Appendix 2" for details.

Examples from this file include the following macro definitions:

tmacro abs{argl);
tsysfunci(abs(sargl))
tmend abs;

$macro zipstate(argl};
ssyafunc(zipstate(aargl))
$mend zipstate;

which, when invoked as follows:

%abs{-3);
$zipstate(27511)

will produce the strings 3 and NC, respectively, and appear to be
macro functions fully compatible with SAS functions.

For the case of functions that contain a varying number of argu-
ments, such as the SUM function, the anciflary file contains a
macro definition for VARARGS:

tmacro varargs/parmbuff;
%let arglist = &syspbuff;
$let argn = 1;
tlet argv = fgscan(sarglist, &argn, $str((,))):
$do %while (%eval{&argv ne));
$let argéargn = &argv;
$let argn = Seval{sargn+l);
%tlet argv = %gscan(&arglist, &argn, %str((,)));
tend;
glet argn = %eval(&argn - 1);
tdo i =1 $to sargn;
&&sargai
%if seval({&i < sargn) %then ,:;
$end;
tmend varargs;

Proceedings of MWSUG '95

Applications Development



When creating a macro definition for %SUM, the %VARARGS
macro will handle the issue of a varying number of arguments.
For exampie,

Smacre sum/parmbuff;
tlet arglist = &ssyspbuff;
ssysfunc(sum{¥varargs(&arglist)))
fmend sum;

fnvoking the SUM macro

$sum{1,2.3,4,5.5)
fsum ({5000, 100000, 70, 1.0, 3000, -1);

would produce the values 12.8 and 108070.

If you use the functions.sas file available from SAS Institute you
should check for macrc name cellisions with autocall macros used
at your site. For example, if you use as a function the %SUM
macro just described, you should not have a %SUM autocall macro
in an autocall fibrary referenced by the SASAUTOS= options.

Using Graphics Functions with %SYSFUNC

The %SYSFUNC macro function can execute SAS/GRAPH graph-
ics functions. In the following example, the macro %DRAWCIR
uses %SYSFUNC to execute the GKS functions to draw a circle
where each degree of arc is colored with a different color band.

SAS: Groph

" goption device=xcolor;

smacro drawcir:
slet re = $sysfune(ginit{));
%let rc = ssysfunc{graph{clear));
tlet rc = taysfunc({gset(filtype,s0lid)):
#do i = 0 %to 130;
tlet color =
H¥sysfunc(putn(teval {§i*2),hexd.))B0BO;
tlet rec = %sysfunc(gset(colrep,
feval (&isl), &color)y;
tlet rc = $sysfunc(gset(filceler,
teval(ai+l)));
tlet rc = ssysfunc(gdraw(pie, 50, 50, 25,
Seval(&i*2),%eval(&i*2+2)));
tend;
t%let re = $sysfunc(graph{update));
flat rc = tsysfunc(gterm(});
Smend drawcir;

Sdrawcir

SAS: GRAPHI~-WORK. GSEG. GRAPH1
f:?il- Bdit View Localz Globaly Haip
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Ancther example of %SYSFUNC using the graphics functions is pro-
vided in an anonymous FTP file, grptest{.sas. This graph is created
with the %GRAPH macro in Relaase 6.11 with the following code.

SAS: PROGRAM EOITOR~grptest. sas
File Edit Viev Locals Globale Help

@i0%* gption devicesxcolor;
20002

—

oy
0023 ¥macro graph; g__i
5008+
[e Han]
86
20437
SO0HE
00003
oG 1y
[l oR R
250012
8013
BOO 14
00015
#0018

%lat roc = Isysiunclginiti));
%let rc = Ysysfunci{graph{clear, GRAPHL, gke303});

%tet e = Usysiuncigdrawloessage, Uppar Left));

Zlet rc = Zaysfunc{gsst{asZ, lintype, bundled});

%ier vc = Ysystuncigset(asZ, linwidth, bundled});

%iet rc = %Ysysfunc{gset{linrap, 1, 1, 1, VJ);

%let r& * Yovstunclgsev(iinindex, 1});

%ler re = Zsysiuncigset{iincoler, 11);

%lat tc = Zsvsfunciedrawlline. 5. 1.49.49,1,1, §$1,51,99,99,51))
ToolBox: LOG=Unided

Error Handling

Whenever the %SYSCALL macro statement or%SYSFUNC and
%QSYSFUNC macro functions encounter an error condition, an
efror message is written to the log. For %SYSFUNC and %Q8YS-
FUNC, a default type of the function determines the retum value.

Functions that return character strings have an efror default
value of a null string, . Functions that retum numeric values
have an error default value of a missing value , .". For
%SYSCALL error conditions, no result is returned. In all cases,
magcro processing continues.

The following error messages may be written to the log:

The minimum number of arguments regquired by the
function or call routine is not specified.

The number of arguments passed to the function is
greater than the maximum allowed.

An argqument to the call routine or functions that
cannot be properly resolved, evaluated, or convert-
ed.

An error condition was detected during the execu-
tion of the requested call routine or function.

New Access to Macro Variables, Referencing Environments,
and Values

In Release 6.11, a new experimentai feature added to the macro
facility is designed to assist in debugging macro variabies, macro
variable values, and macro variable scope.

The %PUT statement writes text to the SAS leg. It can be used
inside a macro definition or in open code. The syntax is:

%PUT text;

where
text

In release 6.11, you can use the following arguments as text to the
%PUT statement: _ALL_, _AUTOMATIC_, _GLOBAL_, _LOCAL_
or _USER_.

These argumnents will write the referencing environment, the
macro variable name, and the macro variable value to the SAS
log. If the macro variable's value is null, the value will appear
blank, but the referencing environment and the macro variable
name will be written to the log. if the macro variable value has
some characters that are subject 1o macro quoting, the value will
not be unquoted when it is written to the log. If there is no macro
variable in the referencing environment requested, nothing will be
written to the log and execution will continue.

is any text.
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%PUT <text | _ALL_| _AUTOMATIC_ | _GLOBAL_| _LOCAL_I
_USER_>;

where
text is any text.

_ALL_ writes all the scopes, macro variable
names, and macro variable values which
currently exist in all nested referencing
environments, inciuding automatic macro
variables, 1o the log. The referencing envi-
ronments are listed in the order of inner-
most 1o outermost scope.

_AUTOMATIC_  writes all automatic macro variables and
their values to the log. An automatic
macro variable is defined by the SAS
System rather than by the user. The scope
is isted as AUTOMATIC.

writes all global referencing environment
macro variables and their values, except
automatic macro variables, 1o the log. The
scope is listed as GLOBAL. The global
referencing environment is the outermost
referencing environment that exists until
the end of the SAS session or job.

writes all local macre variables and their
values as they currently exist during the
execution of an individual macro. The
tocal referencing environment ceases to
exist when the macro creating it completes.
The scope is listed as the macro name of
the macro that creates the macro variable.

GLOBAL_

_LOCAL _

_USER_ writes all the scopes, macro variable names,
and macro variable values which exist in
all nested referencing environments, except
automatic macro variables, to the log.

%PUT _AUTOMATIC_ Example
Invoking the following statement:
fput _automatic_;

writes the following automatic macro variables to the log but with
your own site information, of course:

SAS: LOG~Untitled
{File Edit View Globala Help %

HOTE: Copyrighe (e} 19891835 by 5AS Inmgtitura Inc., Cary, NO. USa.
NOTE: 5AS (r) Proprietary Suftware Releuse §.11.090'0123199
Licensed w0 Sa5 Institute Inc., S1te (OGLOGGGS: .

NTE: Rumming on DEVHDST Madel 9600/718 Serial Number 29121719,

1 Zput _autamatic_;
AUTOMATIC AFDSID ©
AUTCHATIC AFDSNAME
AUTOMATIC AFLID
AUTOMATIC AFSIR?
AUPOMATIC AFSTR2
AUTOMATIC FEPRDV

SYSQMD
AUTOMATIC SYSDATE Z0JAN9S
AUTOMATIC SYSDAY Friday

AUTOMATIC IVSEILRC ©
AUTOMATIC SYSINDEX ©
AUTOMATIC SYSIKFQ @
AUTOMATIC SYSJOBID sassmo
UL

AUTOMATIC SYSLIERC ©
AUTOMATIC SYSMENV §
AUTOMATIC SYSMSCG
AUTOMATIC SYSPARM
AUTOMATIC SYSFBUFF
AUTOMATIC SYSRC @
AUTOMATIC SYSSCF DEVHOST
AUTOMATIC SYSSCPL DEVHOST
AUTOMATIC SYSSITE 0060600001
AUTQMATIC SYSTIME 15:39
AUTOMATIC SYSVER 6.11

AUTOHATIC SYSVLONG 6.11.90010123193 bt
ToulBoee LOG=Untitled

N

AUTOMATIC SYSJOBID host specified job or process id
AUTOMATIC SYSSCP host specific operating system family
AUTOMATIC SYSSCPL Host specific operating system name
AUTOMATIC SYSSITE your site number

%PUT _USER_ Example

The following macro statements:

$let testit = Today is &sysday;
$macro here(parml);
title “Report for &parml. &testit”;
tpot _user ;
tmend here;

when invoked as:
$here(John Doe)

wriles the following o the log:

HERE PARM1 John Doe
GLOBAL TESTIT Today is Wednesday

When the macro HERE executes, the %PUT _USER_ siatement
determines all user-defined macro variables currently in existence.
The innerinost referencing environment of the executing macro
HERE contains the macro variable PARM1 with a value of John
Doe. The macro variable TESTIT was created in open code in the
giobat referencing environment, that is written to the log as GLOBAL
scope with a value of Today is Wednesday.

SAS: LOG=Untitlad
[ File Edit View Globals Help i

NOTE: Jopyrigat (€) '989-13%% 3y 545 Iprtitute Inc., Cary, NI, Vss.
WOTE: SaS (r) Troprievary Softeare Relaase 6.11,00010122199
Licensed tn SAS Institnte fnc.. Five 2393000401,

ROPE: Bunning on DEVHDST Madel 9093/715 Serial NWumber IR121119.
2z

Zlet testit = Today is &sysday;
¥macro hers{parat);
title “Report for fparm?. Btestit”;
Yput _user_;
Zmend here;
%hera{John Doe)
HERE PARM1 John Doe
GLOBAL TESTIT Today is Monday

f

Cu e -

Example of CALL SYMPUT with %PUT _USER_

The %PUT _USER_ statement shouid be most uselul in determining
scopes of macro variables as well as their values in debugging situa-
tions or with complex macro scoping, such as with CALL SYMPUT.

In a more complicated example, the user may be confused about
the CALL SYMPUT rule that creates a macro variable vaiue in the
current referencing environment available while the DATA step is
executing, provided that environment is not empty. An environ-
ment is not empty i it has at least one other macro variable or
macro statement tabel stored in it. The referencing environment
available to the DATA step is that environment available when the
step boundary is hit, for example, the RUN statement. If the cur-
rent macro referencing environment is empty, the CALL SYMPUT
routine places the variable in the closest available referencing
environment that is not empty.

In the following example, macro ARRGH1 contains a complete
DATA step with the CALL SYMPUT statement:

fmacro arrghl({paraml}):
data _null ;
X = "a token";
call symput(’macvarl’,x});
run;
$mend arrghl;

When the macro is invoked and followed by a DATA step as foliows:

%arrghl{10)
data temp;

y = “&macvarl”;
run;
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a message is generated by the WORK. TEMP DATA step to indi-
cate there is no resolution of MACVAR:

WARNING: Apparent symbolic reference MACVARL
not resclved.

This is because the DATA step is complete within the local refer-
encing environment of ARRGH1, thal is not empty because it con-
tains the parameter PARAM1. The local referencing environment
of ARRGH1 contains the macro variable MACVAR1, that does not
exist in the global referencing environment when it is referenced.

You use the %PUT _USER_ statement inside the macro and
before the DATA step that references MACVART to illustrate this:

$macroe arrghl{paraml);
data _null ;
X= “a token”;
call symput('macvarl’,x);
Tun;
fput user ;
Smend arrghl;

When ARRGH]1 is inveked:

farrghl{10}
fput _user_;
data temp;
y = “emacvarl”;
un;

the following is printed 1o the log:

ToolBox: LOG=Untitlad

| File Edit View Glo

: Copyright (e} 1983-193% by S5 Imsrtizute Inc., Cary, NG, O A
+ 545 (r} Proprietary Software Reloase 6.11.00810123139
Licensed to SAS Institute Iac., Site 0009200993,

: Running on DEVHOST Medel 2006/715 Sexrisl Mumber 20123339,

%macro arrghi{parani);
data _null_;
x= “a token";
£all symputl’macvarl’,x);
run;
%put _user.;
%mend arrghl;

%arrgh1(19)

NOTE: The DATA statement used 9:00:05.¢ real 0:00:00.49 cpu.

wowoubtwn =N

ARRGH? PARAMY 16

ARRGH1 MACVAR! a token

18 %put _user.;

11 data temp;

12 ¥ = "Smacvari”;

WaRNING: Apparent symbolic reZference MACVAR! not rasclved.
13 TUnR;

HOTE: The data set WORK.TEMP has 1| observations and 1 varisbles.
NOTE: The TATA statement used 0:60:03.¢ real 9:00:63.18 cpu.
j4}

In the following example, the DATA step is not complete within the
macro ARRGH2 because there is no RUN staiement in the macro:

smacro arrgh2{param2);

data _null :

= “a token”;

sall symput{‘macvarl’,x);
smend arrgh2;

When ARRGH2 is invoked, followed by the RUN statement after
the ivocation, and the DATA step

sarrgh2{20)

Iuans:

data temp;

¥ = “&macvar2T;

runs
the macro variable PARAM2 is created in the ARRGH2 local refer-
encing environment; but since the DATA step is executed only
when the RUN statement is encouniered in open code, the current
environment is the: global environment when CALL SYMPUT exe-
cutes. The CALL SYMPUT routine creales MACVARZ in the global
referencing environment. The macro variable MACVARZ is avail-
able in the global environment for ihe next DATA step, and no
warning is written: to the log.

SAS: LOG—Untitled
%File Edit View Globals Help 1

NGTE: Copyright {c) 196%=-1395 by S4% Institute Inc., Csary, HC, USAE
NOTE: 5aS5 (r) Proprietary Software Releage 6.11.0081D123199
Licensed to 5AS Institute Inc., Site QEDQOG2E0I,

NOTE: Running on DEVHOST Medel 9000/715 Serial Number 20121113,

%macro arrgh2{param2);

-1

2 data _null_;

3 %= "a token";

& call symput{’macvar2’,x};
3 %¥put _user_;

6 %mend arrghZ; 1

7

8

Yarrgh2(2¢)
ARRGHZ PARAMZ 20

19 run;

NCIE: The [ATA statament used 0:00:02.0 real 0:09:80.10 cpu.

GLOBAL MACVARZ a token

12 %put _user_;

13

1% data temp;

15 y = "Bmacvar2";

6 ran;

NOTE: The data set WORK.TEMP has 1 observations and ' variables.

NOTE: The DATA statement used £:00:81.9 real 8:00:80.1¢ cpu. -
¥

<] Y

You can use the %PUT _USER_ statement inside the macro and
before the DATA step referencing MACVARR to illustrate this:
$macre arrgh2{param?};
data null ;
x= “a token”;
call symput{ 'macvar2‘,x);
sput _user_;
smend arrgh;

sarrgh2(20)
run;

tput _user ;
data temp;

y = “smacvar2”;
run;

When ARRGH?2 is invoked, the following is printed to the log:
ARRGH2 PARAM2 20

indicating that the local referencing environment ARRGH2 con-
tains one macro variable name PARAM2 with a value of 20. When
the macro finishes execution, this local referencing environment
will cease 1o exist.

The second %PUT _USER_ statement in the global referencing
environment will write

GLOBAL MACVAR2 a token

1o the log since this example creates the macro variable MACVARZ
in the global referencing environment. The subsequent reference
1o the MACVARZ rmacro variable will resolve in the temp DATA step.

Conclusion

SAS Institute has added some exciting new experimental features
to the macro facility in release 6.11 that you may find useful. The
2,SYSCALL macro siatement can be used to call SAS CALL and
SAS/TOOLKIT CALL routines. %SYSEVALF is a new macro func-
tion that performs fioating point arithmetic. %SYSFUNC and
°,QSYSFUNC are macro functions which provide access to SAS
System functions. The Institute has provided access with anony-
mous FTP 1o sample programs using these new features.

In version 6.11, there are new keyword's that can be optionally
added to the %PUT statement {o allow macro variable names, ref-
erencing envirenments, and values to be printed to the SAS log.
Perhaps the most useful to the macro programmer will be %PUT
_USER_, that will list afl the user-defined macro variables in all
nested referencing environments that are active when it is execut-
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ed. %PUT _ALL_ will generate even more macro variabie informa-
tion by alse listing the SAS automatic macro variables as well as
the user-defined macro variables. The keyword’s _LOCAL _,
_GLOBAL_, and _AUTOMATIC_ will write local scope, global
scope, and automatic macro variabies and values to the SAS log,
if this should be needed during development of macro systems.
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Appendix 1

The following describes an additional set of SAS system functions
that are supplied with the 6.11 SAS System. These functions are
similar in‘behavior as those found in the SCL programming envi-
ronment-with the same names. These new functions are accessi-
ble using the new macro features as well as in other SAS program-
ming fanguage environments. Almost all of the functions available
to the SAS DATA siep are also available 1o the new macro
enhancements, %SYSFUNC and %SYSCALL.

ATTRC Retums the value of a character attribute for 2 SAS
data set.

atir-value = ATTRC {data-set-id,attr-name);

where
atir-valve The value of the character attribute.

data-set-id  The identifier assigned when the data set
was opened. If dala-sef-id is invalid, the func-
tion retums an emor condition.

attr-name The attribute name. If atir-name is invalid, a
missing value is returned for it attr-value,

ATTRN Retums the value of a numeric attribute for the speci-
fied SAS data set.

attr-value = ATTRN(data-set-id, altr-name);

where
aftr-value The value of the numeric attribute.

data-set-id The identifier assigned when the data set
was opened. if data-set-id is invalid, the func-
tien retums an ermor condition.

atir-name The numeric attribute. If atir-name is invalid,
a missing value is returned for aftr-value.

CLOSE Closes a SAS DATA set.
sysrc = CLOSE (data-set-id);

where
sysrc Whether the operation was successful:

0 if successiul
non-zero i not successiul,

dala-set-id The identifier assigned when the data set
was opened. If data-set-id is invalid, the func-
tion retums an error condition.

CUROBS Retumns the observation number of the current
observation.

obs_number= CUROBS(data-set-id);

where
obs-number  The current observation number.

data-set-id The data set identifier assigned when the data
set was opened. If data-set-id is invalid, the
function retums an error condition,

DROPNOTE Deletes a note marker from a SAS data set
and/or an external file.

rc = DROPNOTE (data-set-id / file-id, note-id);

where
rc Whether the operation was successful:

0 if successiul
non-zere  if not successiul

data-sef-id / file-id The identifier assigned when the data
set or exiernal file was opened. If
data-set-id or file-id is invalid, the

function returns an error condition.

note-id The identifier assigned by the NOTE
or FNOTE function.

DSNAME Retums the data set name associated with a data
set identifier.

datasat-name = DSNAME (dala-set-id);

where
dataset-name Daia set name associated with the spe-

cific identifier-vaiue.

data-get-id The identifier assigned when the data
set was apened. If data-set-id is invalid,
the funclion returns an error condition,
EXIST Verifies the existence of a SAS data library member.
rc = EXIST {member-name<,member-lype>};
where :
rc Whether the library member exists.
member-name Name of the SAS data library member.
member-type The type of data library member.
ACCESS member is an access
: descriptor using
SAS/ACCESS software.
CATALOG member is a SAS cata-
DATA member is 2 SAS data
file. This is the default,
VIEW member is a SAS data
view.
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FETCH Reads the next nondeleted
observation from a SAS
data set.

sysrc = FETCH(data-set-id <,NOSET>);
where
sysre Whether the operation was successful:
0 if successiul
non-zerc  if not successful
-1 if end of the data set has been
reached (no more observations
to fetch)
data-set-id The data set identifier returned by the OPEN

function. If the data-set-id argument is invalid,
the function returns an error condition.

NOSET The instruction to prevent the automatic
passing of SAS data set variable values to
macro variables.

FETCHOBS Reads a specified observation from & SAS data
set into the Data Set Data Vector.

sysrc = FETCHOBS( data-set-id,obs-number <,options>),

where
sysrc Whether the operation was successful:
0 if successful
non-zero  if not successful
-1 if end of the data set has been
reached {no more cbhservations to
fetch).
data-sel-id The identifier assigned when the data set

was opened. If data-set-idis invalid, the func-
tion retumns an error condition,

obs-number  The number of the observation to read.
options One or more options, separated by blanks:

‘ABS’ The value of obs-numberis
absolute; that is, deleted observa-
tions are counted.

‘NOSET  The instruction to prevent the
automatic passing of SAS data set

variable values to MACRO vari-
ables.
GETVARC Assigns the value of a SAS data set variable 1o a
character variable.
cval = GETVARC( data-set-id, var-num};
where
eval The value of the character variable identified
by the var-num argument.
dala-set-id The identifier assigned when the data set
was opened. If data-set-id is invalid, the
function returns an error condition.
var-num The number of the variable in the dataset.

This value can be obtained using the VARNUM
function. In addition, this value is listed next
1o the variable when you use the CONTENTS
procedure.

GETVARN Assigns the value of a SAS data set variable to a
numeric variable.
nval = GETVARNY{ data-setf-id, var-num);
where
nval The value of the numeric variable identified
by the var-num argument.
data-set-id The identifier assigned when the data set
was opened.
var-num The number of the variable in the dataset.
This value can be obtained using the VAR-
NUM function. In addition, this value is listed
next to the variable when you use the CON-
TENTS procedure.
NOTE Retums an observation 1D for the current observa-
tion of a SAS data set.
note-id = NOTE(data-set-id},
where
note-id The identifier assigned to the observation.
data-sel-id The identifier assigned when the data set
was opened. If data-set-id is invalid, the
{unction returns an error condition.
OPEN Opens a SAS data set.
data-set-id = OPEN(< data-sel-name<, mode>>);
where
data-sel-id The data set identifier or 0 if the data set

could not be opened.

data-set-name The SAS data set to be opened. The default
value for data-set-nameis _LAST_, which is
the last data set created in the current SAS
session. If the libref is omitted, WORK is

assumed.
POINT Locates an observation identified by the NOTE furction.
sysrc = POINT( data-set-Id, note-id);
where
sysrc Whether the operation was suctessful:
v) if successiul

non-zero  if not successful
data-set-id  The identifier assigned when the data set

was opened.
note-id The identifier assigned to the observation by
the NOTE function.
REWIND Positions the data set pointer to the beginning of 2
SAS data set,
sysrc = REWINDY( data-set-id);
where
sysre Whether the operation was successful:
0 if successful

non-zero  if not successful

data-set-id  The identifier assigned when the data sel
was opened. If data-sel-id is invalid, the func-
tion returns an grror condition.
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SET Links SAS data set variables to variables of the same

name and data type.
CALL SET(data-set-id),
where
data-set-id  The identifier assigned when the data set was
opened. If data-set-id is invalid, the function
raturns an error condition.
SYSMSG Retumns the text of error messages.
cval= SYSMSG{);
where
cval Text of the error message produced by these
functions.
SYSRC Returns a system error number or the exit status of
the most recently called entry.
c=8SYSRC();
where
1] The SAS System retumn code for the most
recent error.
VARFMT Retumns the format assigned 1o a SAS data set variable.
format = VARFMT (data-set-id, var-numj;
where
format The format assigned 1o the specified variable.
data-set-id The identifier assigned when the data set
was opened. If data-set-id is invalid, the func-
tion retums an error condition.
var-num Number of the variable’s position in the SAS
data set. This number is next to the variable
in the list produced by the CONTENTS pro-
cedure. The VARNUM function retums this
number.
VARINFMT Returns the informat assigned to a SAS data set
variable.
inforrnat = VARINFMT (data-set-id, var-numj;
where
informat The informat assigned to the variable.
data-set-id The identifier assigned when the data set
was opened. If dala-set-id is invalid, the
function retums an error condition.
var-num The number of the variable’s position in the
SAS data sel. This number is next to the
variable in the list produced by the CON-
TENTS procedure. The VARNUM funciion
returns this number.
VARLABEL Retums the label assigned to a SAS data set
variable.
cval = VARLABEL (daia-set-id, var-num);
where
eval The label assigned to the specified variable.
data-set-id The identifier assigned when the data set
was opened. f data-set-id is invalid, the
functions retums an error condition.
var-num The number of the variable’s position in the

SAS data set. This number is next to the
variable in the list produced by the CON-
TENTS procedure. The VARNUM function
retumns this number.

VARLEN Retums the length of 2 SAS data set variable.
nval2 = VARLEN(data-set-id, var-numy;
where
nval2 The length of the variable.
data-sel-id The identifier assigned when the data set
was opened.
var-num The numnber of the variable in a SAS data set.
VARNAME Returns name of 2 SAS data set variable.
cval = VARNAME (data-sel-id, var-num),
where
cval A variable's hame.
data-set-id The identifier assigned when the data set
was opened. If data-set-idis invalid, the
function retums an error condition.
var-num The number of the variable in a SAS data set.
VARNUM Retums the number of a SAS data set variable.
var-num = VARNUM( data-set-id, cval);
where
var-num The number of the specified SAS data set
variable or 0 if the variable is not in the SAS
data set.
data-set-id The identifier assigned when the data set
was opened. I data-set-id is invalid, the
function retums an error condition.
cval The variable’s name.
VARTYPE  Retums the data type of a SAS data sel variable.
lype = VARTYPE(data-set-id, var-num),
where
tvpe The variable's type:
C for a character variable
N for a numeric variable
data-set-id The identifier assigned when the data set
was opened. If data-set-id Is invalid, the
function returns an error condition.
var-num The number of the variable in a SAS data

set.
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Appendix 2

Appendix 2 provides information for accessing the sample files we

are making available which illustrate more macros using the new
_macro statement %SYSCALL and the new macro functions

% SYSEVALF, %SYSFUNC, and %QSYSFUNC.

The fallowing files have been stored on SAS Institute’s Intemet
gateway {sas.com}.

function.sas /* Creates corresponding macro functions. *
grplestsas  /* Creates second graphics example in paper. *f
grptest1.sas /* Creates second graphics exampie in paper. *f
mactest.sas / Gives simple examples of new macro functions. */

mactest1.sas /* Gives examples of new macro functions with ~ */
* functions in appendix 1. *f

opttest.sas  /* lliustrates getting option values. /

You can download these files if you have access to the intemet, To
download these files, connect o ftp.sas.com. Cnce you are con-
nected, enter the foliowing responses as prompted:

Name (ftp.sas.com: userig): anonymous
Password: your e-mail address

All SUGH 20 files are stared in the following directory:
/pub/sugi20

There is one subdirectory for each SUGI 20 paper that has files.
Download the following file in /pub/sugi20 fora complete index of
alll files in fpub/sugi20:

README.index

The file README:index had a description of each directory. The
description will contain the title of the paper and the directory name
where the files are stored.

SAS, SAS/AF, SAS/GRAPH, and SAS/TOOLKIT are registered trademarks or Irademarks
of SAS instilule Inc.in the USA and other countries. ® indicales USA registration

Other orand and product names are registered trademarks or trademarks of their
respeclive companies.
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