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ABSTRACT 

This paper summarizes the changes and enhancements which 
have been added to the macro facility of theSASC System In 
Release 6.OSE and In Release 6.11. These macro enhancements 
are elq)erimental. Examples of the enhanCements will be given in 
the paper. AdcIi1ionally, sample macro examples v.iII be made 
avaiIaIlIe for access using $AS Ins1iIute's InIemet gateway. 

INTRODUCTION 

A new macro statement, %SYSCAU., provides the ability to' 
access $AS CALL routines and SASITOOLICIr- useMVII1Ien 
CAU. routines. There are three new macro funcIions. The 
%SYSEV AlF macro function does floating poinl evaluation. 
%SYSFUNC and %OSYSRJNC macro functions provide macro 
IaciIiIy inteIfaces to $AS IuncIions and to Iunc1ions written willi 
SASITOOLKIT. 

Base SAS software _ will be able to use a set offuncfions for 
DATA step access. extemaIliIe access, and $JSlem functions, . 
simlal'to the SASI~ software Screen Control Language 
func:ticns, through the macro faciIi1y using the new %SYSFUNC 
and %QSYSFUNC macro func:Iions. The MWIy accessible 
functions are listed in an appendix. 

For macro debugging. the %PUT macro statemenI has been 
enhanced to write·macro variable names, sccpe. and values to 
the $AS lag. USing the %PUT statemenI with one of the keywOrds 
..ALL... ...AUTOMATIC ... _USER ... _lOCAl... or _GLOBAL.. give 
macro programmers the abiIiIy to list relevant infoImation for 
debugging macro variables. 

The ability to wrtte macro generated texl to an extemallile In 
ackIition writing it to the $AS log willi OPTION MPRINT was 
ranked highly for macro on recent SASWARE ballots. This macro 
debugging feature haS been added. Users can now write the 
macro generated texl to an extemallile to aiel in macro 
debugging. 

There is a new SAS InsIiIute supplIed automatic macro variable. 
SYSSCPL adds more detail to 1he SYSSCP automatic macro 
variable whictI gives the operating system )'011 are using. 

%SYSCALL STATEMENT 

%SYSCALL catl-toUtine <{caII-Ioutine BIgI1meI'It list»; 

Whwe_ Is Type... And repte8ehts ... 

call·mUline names a $AS System 
or user-writIen CALL 
rou1ine. 

ca1I.mUIine argument list N or C a fist of macro variable 
names separated by 
commas. 

Details 
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The %SYSCALL macro statement can access $AS System CAU. 
routines or user-wrltten CAlL routines created willi 
SASlTOOLKIT. The %$YSCALL macro statemenl can be Inside a 
macro definition or in open code. 

CALL routine Invocation passes the value of a macro variable by 
reference. Call by reference means \hat the CAU. routine can 
modify the value of the macro variable. Each value of each macro 
variable argumenl is fetched and passed to the CALL routine. 
Upon return from 1he CALL routine, the values tor each argument 
are written back to their respecl/Ye macro variables. 

This behavIOr is similar to the behavior Of the %$UPERQ macro 
funcIIOn. Like %SUPERQ, the macro variable In the argument list 
must be the names of macro variables With no leading 
ampersands or macro expressions that produce the names of 
macro variables willi no leading ampersands. But unlike 
%SUPERQ, the arguments to %$YSCALL are not quoted. Note 
\hat 1his syntax of no lead"mg ampersands is not the tracIitionaJ 
macro syn1ax. MO result Y81ue is produoed upon retum from the 
execution of a %SYSCAU. macro statement; the values of macro 
variables that were passed by %SYSCALL are altered. 

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

The LABEL. VNAME, SYMPUT, and EXECUTE CALL routines 
are not accessible using the %SYSCAU. macro SIatement. 

%SYSCALL Example Using the RANUNI Call Routine 

The following macro statements iDustrate the %SYSCAU. 
statement 

'let a = 123456; 
'let b = .; 
'byscall ranuni (a. b); 
'PUt &a &}); 

In !his example, the value of the macro variables A and B are 
char.Icter strings, 123456 and ',' respectively. 

The macro statement %SYSCALL RANUNI(A,B) Invokes the SAS 
CALL RANUNI rou1ine. The SAS CALL RANUNI routine takes two 
arguments: a seed willi an integer value and an X variant that is 
numeric. 

In 1his example, the %SYSCALL macro statemenl converts the A 
and B macro \IaIIabIes' values from c:haracter strings 123456 and 
': to !he data types as required for each argument to the RANUNI 
CAU. routine. The dIarac:\eE SIIing 123456 which is the seed is 
converted to an integer and characler stdng period is converted to 
a numeric missing value lor the x variant. A numeric value is 
stored in IIoaIIng poinl format. The CAU. RANUNI routine 
executes and retums an integer value for 1he seed and a numeric 
value tor the x variate to !he %SYSCALL macro routine. 
%SYSCAU. conveI1S 1I1e newly returned. arguments back from 
integers and numelics to d1araC\er strings, the standard macro 
data type. lhe macro variable values are updated with these new 
character strings. In this example, the macro variable A is updated 
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to the character string 1587033266 and the macro variable 8 has 
the Character string value. of 0.739019954. 

This %PUT 51atement 

I %put &a &b; I 
writes these macro variable values for macro variables A and 8 to 
the $AS log 

1587033266 0.739019954 

If there are problems c:onveIIing the macro variable chaJacter 
string to the appropriate data type for the CALL routine. the 
%SYSCAlL macro statemenI will issue errors or ~ 

For example. the following program: 

'let al = 1.23; 
Uet bl = .8885; 
'syscall ranuni(al.b1I; 
\put &al &bl: 

will have Character SIring$ for A1 and 81 macro vaIiabIe values of 
1.23 and .8885. 

The %SYSCALL macro 51atement Will be lNbIe 10 convert the A 1 
macro variable c:haracter string 1.23 10 an Integer value as 
required for the first argument. the seed, to CALL RANUNI and 
1his warning message will be issued 10 the log: .. 

WARNING: Argument 1 to function IIANIIlII 
referenced by the ,SYSFtIJIC or 'QSYSFtIJIC macro 
function is missing or out of range. 

The value of macro variables A 1 and 81 will remain unaltered and 
the %PUT statement will genel3te una1terecI strings 1.23 and 
.8885. 

%SYSEVALF Fl.OAllNG POINT EVALUAll0N FUNCTION 

%SYSEVALF(expression<,SpeCification) 

Where ... 

DetaOs 

Is type... And represents ... 

N 

C 

may be a IIoa1ing point number. 

may be the following conversion 
operation specifications: 
BOOLEAN, CEl1.. FLOOR, 
INTEGER, TRUNCATE. 

The new %SYSEVALF macro function ~ alilhmetic and 
logical 8lqlreSSions in the macro language performing ftoa1ing 
point arilhmetic. The result of the %SYSEVALF function ariIhmetic 
evaluation is Ionnatted using BEST12. format The result of the 
%SYSEVALF function erithmetiC evaluation can be optionally 
converted by specifications of Boolean, ceil, floor. integer. or 
truncate functions. The %$YSEVALF macro function can be used 
inside a macro defini1ion or in open code. 

The %SYSEV A!.F macro function differs from the traditional 
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%EVA!. macro function in its evaluation of floating point numbers.. 
The fIadiIionaI way 10 evaJuate an expe ssion in the macro facility 
is the expI'lCit or implied use of the %EVAL function. All features in 
the macro language that evaluate uprassions contain an imprrecl 
use of the %EVAL f1.mc:fion. for example. the %IF Sfatement or the 
%DO %UN11L statement. The %EVA!. fUnction performs integer 
arithmetic. Therefore. with %EVAL, caJcuIaIions on fractions are 
not allowed, and the divIslon operation resuJtjng in a fraCtion is 
truncated to an Integer. However, explicit use of the %SYSEVALF 
function will allow IIoaIing point arithmetic. 

Simple Examples Using %SYSEVALF Macro 

Suppose the fIIIIowing macro valiables are defined 

'let a = 100; 
'lee b = 200; 
'let c = 1.597: 

Then the following statement writes the value 300 10 the $AS log: 

I %puc 'eval (&a .. &1:>1; 

The character strings A and B have been converteclto Integers. 
the integer operation performed. and the resulting inIeger is 
comerteclto a clwader SIring. However. conversions of the 
chaIacIer SIring value of the macro variable C from 1.597 10 an 
integer value would fail. The following macro elqX1lSSion: 

I 

I 'puc .. eval (&a .. locI ~ I 
would generated an enor message since the value of C, the 
c:haIacIer string 1.597. could not be c:onverted to an integer. The 
following message would be written to 1he log: 

ERROIl: A character operand was found in the '!:VAL 
function or 'IF con4ition where a numeric 
operanci is required. ':he condition was: 
100 .. 1.597 

By using the %$YSEVALF function Instead of the %EVA!. 
funCtion the following expression would write 101.597 to the log: 

I \puc bysevalf(&a + &cl: 

This evaluation with the %$YSEVALF macro function is 

I 
sue c e sstul because the d1aracter values for both macro variables 
A and C can be comerteclto numeric values. The %SYSEVALF 
macro function does floating point arilhmetic and converts the 
result baCk 10 a character string 101.s97. 

%SYSEVALF and Optional Result Formatting Specification 

Optional specifications 10 the %SYSEVALF function conven the 
results accordingly, For example. 
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%pu~ tsysevalf (loa + loC, boolean); 
'Pu~ tsysevalf(loa + loC, ceil); 
%puc tsysevalf(loa + loc, floor); 
%puc tsysevalf(loa + loc, integer); 
tput tsysevalf(loa + &c. truncate); 

would write 1. 102. 101, 101, and 101 respectively to Ihe log. 

%SYSFUNC AND %aSYSFUNC MACRO FUNcnONS 

%SYSFUNC(nsnction(function argument 1ist)<Jotmat>} 

%QSYSFUNC(function(functiOn argument Iist)<,fonnat» 

Where ••• 

function 

function argument 
list 

Ionnat 

Details 

Is type •• • And represents ••• 

NarC 

c 

is Ihe name of Ihe $AS 
function or user-wrillen 
function to be executed. 

Is a list of arguments to the 
referenced function. 

optionally specifies a $AS 
or user-defined fonnat or 
user.wrltten format to be 
used to format Ihe result of 
the function I8ferenced. 

The %SYSFUNC ancl'%OSYSFUNC macro functions can be 
used to access $AS System functions oruser.wrltten funcIions 
generated with SASlTOOlKlT. The %SYSFUNC and 
%OSYSFUNC macro functions can be used inside a macro 
definition or in open code.. 

These aclCflfional macro functions provide support for cons1lUClS 
thet users of the macro fadIiIy may have had difticuIty O'IeICOming 
in the past. For example, the new macro funeIions can be used to 
obtain tl'Ie option names and values for $AS host, base, and 
graphics options. They can also be used to open $AS DATA sets, 
to obtain atlribute·lnformation, to ctose $AS DATA sets. and to 
read and write to external files. 

Wdh %SYSFUNC and %OSYSFUNC, each argument to Ihe 
I8ferenced SAS function is evaluated and converted to Ihe 
appropdate data type. numeric or charader,as required by the 
referenced function. If necessat)'. an implied %SYSEVALF 
function will convert the macro chaIacler string to a lloating point 
number. The $AS or user·WIi\ten function executes and I8l11ms 
the resultS to Ihe macro facility. The retumed result of the 
I8ferenced funcUon is converted to a ctwacter string. Numeric 
results will be converted to a character sbing using the BESN2. 
format. Character function results are taken as is; no fonnatting or 
translation is necessary. 

All results from functions acceSSed by either the %SYSFUNC or 
%QSYSFUNC macros can be fonnatted using one of the $AS 
System fotmats, any user-defined foimat geneIlllecI by PROC 
FORMAT, or any user-written format created with SASlTOOLKlT. 
This optional second parameter to Ihese SAS functions specifies 
a format. 

If an error condition has occurred, the appropriate re1um value is 
generated .based on whether the result of the funcIion is numeric 
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or character. Numeric error values aI8 missing and converted to a 
missing. '.' character sbing. Chalacter error values are null and 
converted to a null, ", character shing. 

The %QSYSFUNC macrofuncllon is identical to the %SYSFUNC 
macro function except thet the result of the func:lion is quoted. 

AD $AS functions ara accessible with %SYSFUNC or 
%QSYSFUNC except DIM. lAG, DlF, HBOUND. LBOUND, PUT, 
INPUT, SYMGET, and RESOLVE. 

EXAMPLES OF%SYSFUNC AND %QSYSFUNC 

The %SYSFUNC and %OSYSFUNC macro functions allow uselS 
to access SAS functions not previously available through a simple 
interface with the macro facility. This section contains simple 
examples of macro using a variety of system functions to perform 
specific operations that required complex solutions to in the past. 

Embedding Formatted DATEITIME Values Into TITLE 
Example 

The macro facility readily provides the abiTlty to produce the date 
on which a $AS session began tb execute. For elC3lllpJe, the 
automa1ic macro variable SYSDATE Will produce a title with 1Ile 
date on YINch your $AS session started executing in DATES. or 
DATE7. lonna!. 

I title 'On losysdate the SAS Session Began·; I 
would Produce the tilIe 

On 10MAR96 ebe SAS Silssion :Began 

If you wanted the current date, not the date on which your sessiOn 
began. the following macro statement: 

1 'sysfunc (Ilau () ) ; 

would execute the $AS date function and produce the current 
$AS date value. 

I 
To produCe a tille with the current date forma1ted into a form SUCh 
as MarCh 10, 1996, use the DATE function and the WORDDATE. 
IOrmat. 

title ·'sysfunc(llate(),woradate.) 
Is the cu.rrent Date·; 

would pnxIuce the tilIe 

Karch 10. 1996 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 lime, the following macro code would write 
the current time to the log Ionnatted as hh:mm:ss: 

'let time = 'sysfunc(time(»; 
%put 'sysfunclputnl&time. time.»; 
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The first %SYSFUNC function executes 1he TIMe funcfion that 
rewrns lIIe current time of Clay as a BAS time value SUCh as 
53526.08. %SYSFUNC c:onver1s 1he BAS time value to a 
charaCter string as lIIe value of 1he macro variable TIME. The 
%PUT statement Will write to 1he log 1he Character string lIIat is 
returned by 1IIe second %SYSFUNC function. In 1his case, 1he 
%SYSFUNC converts 1he eharacIer value of 1he macro variable 
TIME to a numeric value. The sy5Iem tundion PUTN returns the 
formalIe.d value of 1IIe numeric, using 1he numeric fonnat TIME. 
as a character value that 1he %PUT Slatement writes to 1he log as 
IIle current time, for example, 14:52:06. 

TRANSLATE Function Example 

Using 1he %SYSFUNC function. a user can Interface willi tie 
TRANSlATE function. If you wish to tIanSIate N's to P's In an , 
arbitrary string using a macro (e.g. V01N01 should be translated 
to V01P01), you coukl use a more complicated aIgoIIIhm WIlling a 
sophisticaIed macro COnsidering spec:iaJ Character$, such as a-, 
or you could simply use 1he %SYSFUNC function to access 
TRANSLATE function. 

tlet stringl = 
'sysfune (translate(&stringl.P. N»; 

This simple Slatement WOUld convert 1IIe value of 1he macro 
variable STRINGI from V01NOl to V01P01. It could also convert 
more complex values for STRING 1, suCh as V01 N01-VOl N1 a to 
V01P01-V01Pl0 • 

Example to Determine 1he Existence of an ExtemaI File 

To easily detennine 1IIe existence of an external file, two system 
functionS can be used, FEXIST or FlLEEXlST. selecl1he 
appropriate system function based on 1he manner in which lIIe 
external file reference is to being used. 

If 1he external tile reference uses a SAS filere1 use 1he FEXlST 
system function. 

'-c:ro usagel; 
tif bysfunc(fexist(myref» Uben 

tput External file for filref does exist. 
telse 

tput External file for filref does NOT exist 
tmend usa!lEll; 

If 1he external tile reference is based on 1he physical name of 1he 
eJ.1emal file, 1he FlI..EEXlST system function should be used. 

'hDacro usage2; 
'if 'IIsysfunc(fileexist\myfile.Clat»' 'then 

tput The external does exist. 
'else 

tput Tbe external file does NOT exist. 
'-d. uS8!lEl2 , 

. 

Example Determine Existence of a SAS DATA Set or cata/og 

It may be useful to determine 1he existence of a BAS DATA set or 
catalog for initialization or to conditionally Dypassed code. Two 
system functions are now available to determine 1he existence of 
a SAS DATA set or <:ataolg, EXIST, and CEXlST. 
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For example, to determine if 1he BAS DATA set EXAMPLE exists 
In 1he library GLOBAl. 

'Ima=o usagel: 
tif 'sysfunc:(exist(GI.OlIAL.EXAHPt.EI) ,then 

tpul: Data set GLOBAL.EXAMPLE: does exisl:. 
telse 

tput Data set GLOw,.E:XlUG'I.E does NOT exist. 
tmend usa!lEl3, 

or to determine 1f1he catalog member BASHElP.CBT exists In 
1he c:ataIog BASE In 1he IlbIaJy SASHElP 

'lmac:ro usa!lEl4; 
tif 'sysfunc (exist (SASllELP. BASE:. SASHEU' • CST) ) 

tthen 
tput SASHELP. BASE. SASHEI.P. CST does exist. 

'else 
tput SASHZL?BASE:.SASHE:Ll'.CBT does NOT exist 

tmend usage"; 

Example for Number of Variables and Observations In a 
DATASet 

Many solutions have been generated In lIIe past to obtain the 
number of variables and/or observations present in a BAS DATA 
set. Most past solutions have utilized a combination of _NULL.. 
DATA steps. SET statement with N08S=, and arrays to obtain 
this information. With 1he intIOcIuCIion of 1he OPEN and ATTRN 
system fuIIeIion !his information can be obtained more readily and 
without Interfering with step bouI'IdaIy condi1ions. 

Executing 1he folloWing COde: 

tmac:ro ohsnvars(ds,nvar&p.nobsp); 
tglobal t.nvarsp i'onObsp: 
tlet dsid =tsysfunc(open(&ds»; 
tif &dsid 'then tao, 

'let &nObsp ='IIsysfunc:(attrn(&dsid.NOBS); 
'let &nvarsp='IIsysfunc(attrn(&dsid,~)): 
tlet rc = tsysfunc(c:lose(&dsid»; 

'IIend; 
telse 

tput Open for data set &ds failed -
'IIsysfunc(sysmsg(»; 

tmend obsnvars; 

Clata example. 
arraY a al-&13, 
do i = 1 to S: 

output; 
end; 

run. 

'obsnvars (example.nvars ,nobs) 
'put Data set exuple bas &nvars variable (s) 

and. &Dobs observation (s) • ; 

will generate 1he following 0II\pUt 

Data set example has 14 variable!s) 
and B observation(sl. 



Using the GETOPTION Functions to Obtain the ValueS of 
SYSTEM ·or GRAPHICS Options 

In report genemtion. it is convenient tQ be able to save and to 
restore a set of system options artKind a sectiDn code responsible 
for the report. This can be acoomp\ishecl using a combinatiOn of 
the GETOPTION system function and the OPTION statement to 
save current option seltingS. to reset the oplions to new vaJues 
and to set then option back to 1heir original vatues once the report 
has been generated. 

The foltowing macro code:. 

'tmacro genrep; 
'let ps='sYSfunc(getoPtion(ps,~rdl); 
'let ls='sysfunc(getoPtion(ls,keyword)); 
,puc Saved settings for &ps and &ls; 

opcions ps=32 ls=65; 
'lec nps='sysfunc(geeoption(ps,keywordll; 
'let nls='sysfunc(getoption(ls,keywordll; 
'tput N_ sectings for &lips and tonls; 

,w ReporC Generation occurs here w, 
options &ps &ls; 
'tpuc Restored settings for &ps and &ls; 

'mend, 

'tgenrep 

will generate<lthe following output 

Saved settings for PS=60 and LS=132 
New settings for PS=32 and LS=65 
Restored sectings for PS=60 and LS=132 

%SYSFUNC Using Formatting Speelfication 

The following code produces a user-clefined format X using the 
FORMAT procedure: 

proc fox-t;· 
value x 
Lcw-<O = 'Less Than Zero' 
o = 'Equal To Zero' 
O<-high = 'Greater Than Zero' 
other = 'Missing'; 

run, 

The following macro below is defined to take a parameter PARM 
and write the vatue of !he parameter to the tog using the PUTN 
function. 

'macro czy [paDl) ; 

'puc &P&Dl is 'sysfunc(putn(&pa:m,x.)), 
,mend txy; 

When !he macro %TRY is involcecI. !he %SYSFUNC c:onvens the 
character value of the P ARM macro variable to a numeric value 
for the PUTN runction. l11e PUTN f\IndiOfI re1Ums as a character 
value the formatted value of the numeric: using the user-clefined 
format X. 

51 

Applications DeveloFnent 

Invoking the %TRY macro as 

I ".,,, .. '" tczy(. ) 
'CXYI-.38) 

would Write the following to the log: 

1.02 is Greater Than Zero 
• is Hissing 
-.38 is I.ess Than Zero 

I 
Anonymous FTP File Using New Macro Function Interface 

We have created a set of macro routines using the %SYSFUNC 
macro tuncIion that oorresponcl in name and argument 
specifications to the functions supplied by $AS. This file defines 
macros from %ASS to %ZIPSTATE, which are compatible with 
the BAS functions documented in Chapter , 1. '$AS Functions,' in 
$AS Language: Reference. Version 6, First Edi1ion. These macro 
rcutlries are available in a file. functions.sas, for users who can 
use anonymous file transfer protocol (FTP). See "Appendix l' for 
details. 

examPles from Ihi$ file include the following macro deflllilions: 

\macro abs (argl) ; 
'sysfunc (abs(&arg1ll 

'mend abs; 

\ma=o zipstate(argll; 
'sysfunc(zipstate(&arg1)) 

blend zipstate; 

whieh. when invoked as follows: 

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

I 
For the case of functions that oontain a varying number of 
a~ such as the SUM func:IIon. the ancIl1aryfile contains a 
macro ctefinition forVARARGS. 
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'macro varargs/pa%mbuff; 
'lee arglist = &~ff; 
'lee argn = 1; 
'lee argv = 'qscan(&arglist, 

&argn, 'str((,»); 
'do 'while (teva11&argv ne»; 

'lee arg&argn = &argv; 
'lee argn = 'evall&argn+1); 
'lee argv = 'qscan(&arglise, &argn, 

'serle,)I); 
'ena; 
'lee argn = 'eval(&argn - 1); 
'do i =1 'eo &argn; 

&&&arg&i 
%if 'eva1 (&i < "argn) 'then ., 

'end; 
,mend varargs; 

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

'macro swn/pazmbuff; 
'lee arglise = &~ff; 
'sysfunc (sum I tvarargs l&arglist» I 

'J!Iend sum; 

Invoking the SUM macro 

'sum(1,2.3,4,S.S) 
'sumISODO, 100000, 70, 1.0, 3000, -1) 

would produce 1he vaIue$ 12.8 and 11l8070. 

H you use the func:Iions.sas file available from SAS InsIiIute you 
should check for macro name COllisions with autocall or compiled 
SIored macros used at your site. For example, if you use as a 
function the %SUM macro just described, you should not have a 
%SUM aUlocal1 macro in an aUlocaU library referenced by the 
BASAUTOS= options. 

Error Handling 

Whenever the %SYSCALL macro statement or %SYSEVAu:, 
%SYsFUNC and %QSYSFUNC macro funCtions encounter an 
enor condition, an error message is wriIIen to Ihe Io!i. 
For %SYSFUNC and %QSYSFUNC, a default type of'the Invoked 
system function determines the retum value. Functions that retum 
c:hatacIer strings have an error default value of a lUI string, M. 

Functions 1hat return IIII'IIeric values have an enol' default value 
of a miSSing value ,'.'. . 

For %SYSEVALF error conditions return an error default value of 
a missing value, • -'_ 

For %SYSCALL error conditiOns, no result is re1umed. In an 
cases, macro prac;essing continues. 

In error conditions, 1he following error messages may be wriIIen 10 
lIle log: 

C Argument <argument number> to function <name> referenced 
by lIle %SYSFUNC or %OSYSFUNC macro function is 
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missing or ollt of range. 
C An error OCCUlTed while executing fUnction <name> referenced 

by the %SYSFUNC or %QSYSFUNC macro function. 

C The BAS System could not load the <name> function 
referenced by the %SYSFUNC or %OSYSFUNC macro 
function. The system may be out of memory. An error value 01 
missing r.') or a null string (") Will be supplied in lieu of the lIle 
result of the function. Results of this macro may be incorrect. 

C The <name> function referenced in the %SYSFUNC or 
%OSYSFUNC macro funcliOn is not found. 

c The function <name> referenced by the %SYSFUNC or 
%OSYSFUNC macro funclion has too many arguments. 

c The function <name> referenced by the %SYSFUNC or 
%QSYSFUNC macro function has too few arguments. 

c Argument cargument number> to function cname> referenced 
by the %SYSFUNC or %QSYSFUNC macro function is not a 
number. 

c %SYSEVALF must be folloWed by a parenlhesized 
expression. 

C The MIctiOn <name> referen!:ed by %SYSFUNC, 
%OSYSFUNC, or %SYSCALL cannot be used within the 
MACRO functionlcalJ-rouJine inteJfaces. 

C Invalid da1a for fOrmat <format name>. 

c A number has beOOme too large in %SYSEVALF evaluation. 
C Division by zero in %SYSEVALF is InValid. 
C Unknown%SYSEVALF conversion operand '<conversion 

name>' specified; conversion is tenninated. 
C The %SYSEVALF ROUND conversion opelCltion is not 

supported. 

C A ftoating point overflow has occurred during the %SYSEVALF 
IIoaIing point conversion operation requasJed; conversion is 
terminated. . 

C %SYSEVALF deteCted an invaflCl number, <invalid number>, 
during the conversion operation requasted; conversion is 
tenninaled. 

C Missing values were generated as a I'e$IIIt of performing an 
operation on missing vaJues during %SYSEVALF expression 
evaluation. 

C Mathematical operations could not be performed during 
%SYSFUNC function execution. The result of the operations 
have been set to a missing value. 

D %SYSEVALF deteCted a missing llalue duIIng the conversion 
operation requested; conversion is terminated. 

C %SYSEV ALF function has no expression to evaluate. 

C The %SYSFUNC or %QSYSFUNC macro function has too 
many arguments. The excess arguments Will be ignored. 

%PUT USAGE FOR MACRO VARIABLES, VALUES. AND 
SCOPE 

%PUT <teXt I_ALL..I..AUTOMATIC_ I_GLOBAl..- I_LOCAL I 
_USER_>; 

Where ••• And represents ••• 

is any text. 

writes an the scopes, macro variable names. 
and macro variable llalues whiCh currently 
exist in an nested scopes. incIucf'"9 SAS 
Inslitute supplied base automatic macro 
variables, to the log. TIle scopes are listed in 
!he order of innermOS1 to outermost scope. 



Where ••• And represents ••• 

..AUTOMATlC_ writes all SAS Institute supplied base 
automatic macro variables and their values to 
the log. An automatic macro variatIIe is 
defined by the baSe SAS System ra1her 1han 
by the user. The scope is listed as 
AUTOMATIC. 

writes ati globally sooped macro variableS and 
their values, except SAS Institute supplied 
base automatic macro variables, to the log. 
llle scope is listed as GLOBAL. The global 
scope is the outermost referencing 
environment that exists until the end of the 
SAS session or job. 

writes all local macro variables and their 
values as they currently exiSt duIIng the 
execution of an individual macro. The local 
scope ceases to elI!st when the macro 
creating it completes. The scope is listed as 
the macro name of the macro that creates the 
macro variable. 

writes an the scopes, macro vaIiabIe names, 
and macro vaIiabIe values which exiSt in all 
nested scopes, except SAS Institute supplied 
base automatic macro variables, to the log. 

In Release 6.09E and 6.11, a new experimental feature added to 
the macro facility is designed to assist in debugging macro 
variables. macro variable values, and macro variable scope. 

lllese arguments will write the scope (reterencing envirormenl). 
the macro variable name. and the macro variab1e value to the 
SAS log. If the macro variable's value is null, the value will appear 
blank, but the scope and the macro variable name will be written 
to the log. If the macro variable value has some Chalac:ters that 
are subject to macro quoting; the value will not be unquoted when 
it is written to tile log. If there is no macro variable in the scope 
requested, nothing will be written to tile log and execu60n wID 
continue. 

%PUT _AUTOMATlC_ Example 

Invoking the follOwing statement: 

writes the following automatic macro variables to the log but with 
your. own site information. of course. 
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1 \put ..automati"-.; 
~TIC APDSID.O 
~TIC APDSIIAI!E 
AtlTOHATIC AFLIliI 
AtlTOHATIC AFSTR1 
AOTOHATIC AFSTR2 
AOTOHATIC FSPBOV 
AOTOHATIC SYSBDFFR 
AtlTOHATXC SYSCMD 
AOTOHATXC SYSDATE 10HAR96 
AOTOHATIC SYSDAY Tburs&1y 
AtI'l'OHATIC SYSDE:VIC 
AUTOMATIC SYSDSN ...NllLL_ 
AUTOMATIC SYSENV FORE 
AUTOMATIC SYSERR 0 
AtlTOHA'I'IC SYSFIloRC 0 
AtlTOHATXC SYSXNDEX 0 
AtlTOHATIC SYSINFO 0 
AtlTOHATIC SYSJOBID polzin 
AOTOHATIC SYSLAS'l' ...NULL­
AOTOHATIC SYSLClCRC 0 
AOTOHATIC SYSLXBRC 0 
AUTOMATIC SYSHENV S 
AOTOHATIC SYSIISG 
AtI'l'OHATXC SYSPAlUl 
AOTOHATIC SYSPBUFF 
AO'I'OHA'I'IC SYSRC 0 
AUTOHATIC SYSSCP DEYHOST. 
AUTOHA'I'IC SYSSCPL DEllHOST 
AtlTOMA'l'IC SYSSITE 0000000001 
AUTOHA'l'IC SYSTDIE 16:41 
AtlTOMATIC SYSVER 6.11 
AOTOHATIC SYSVLONG 6.11.0001P123199 

%PUT _USER_ Example 

The following macro statements: 

'let testit = Today is &sysday, 
%ma~ro here(pa~l: 

title ·Report for &parml. &testit·, 
'Put _user_, 

'mend here, 

when invoked as 

I 'here(John Doe) 

writeS the following to the log: 

lllERE pAlUll John Doe 
GLOBAL '1'= Today is Wednesday 

When the macro HERE executes, the %PUT _US~ statement 
determines an user.<fefined macro variables currently in 
exiStence. The innermost scope 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 
global scope. that is written to the log as GLOBAL scope with a 
value of Today is Wednesday. 

I 

I 
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Example of CALL SYMPUT wiIh %PUT_USER.. 

The %PUT _USER_ statement ShouIcI be most useful in 
determining scopes of macro variables as well as Itell' values In 
debugging situations or with complex macro $COping, SUCh as With 
CALL SYMPUT. 

In a more compUcated example, lie user may be confused aboUt 
the CALL SYMPUT rule that creates a macro variable value In lie 
current $COpe available while lie DATA step Is executing, 
provided that environment is not empty. An enWonmenI is not 
empty If it has at least one other macro variable or macro 
stalement label stored in It. 'The scope available to lie DATA step 
is that scope alIailabie when the step boundary is hit, for example, 
the RUN statement If the CUtreIIt macro re(erencIng environment 
is empty, the CALL SYMPUT routine plaCeS the variable In the 
closest available scope that 1$ not empty. 

In the fo1Iowing example, macro ARRGHt contains a complete 
DATA step with the CALL SYMPUT statement: • 

'bIacro arrghi (paraml) , 
dau ,JIull_, 

:x = -a t.oken-: 
c:all $lIlIIPut ('maevarl' .xl: 

blend arrghl: 

When the macro is Invoked and followed by a DATA step as 
follows: 

'kar:rgbl (10) 
data temp, 

y " ·~a:rl·, 
:run, 

a message is generated by the WORK.TEMP DATA step to 
indicate there is no reSOlutiOn of MACVAR. 

WARNING, Apparent symbolic :reference KACVAlU 
not :t:esolved. 

This is because the DATA step is complete wilfUl the local 
referencing scope of ARRGH1, that is not empty beCaUse it 
contains the parameter PARAMt. The loCal $COpe of ARRGH1 
contains the macro variable MACVARt, that does not exist in tile 
global scope when it is referenced. 

You use the %PUT _USEFL statement inside the macro and 
before the DATA step that references MACVAR1 to ilustrate this 

'lmac::ro arr9h1 (paraml.) , 
data ,JIul1_: 

x= -a token-; 
call symput( ·:ma.cvarl' .x\, 

:run: 
'put _user_; 

blend ar%<;Jbl, 

When ARRGH1 is invoked 
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'laugh1 (10) 
'Pit _user_I 
data temp: 

y = • t.macva:r1 • : 

=: 

lie following is printed to the log: 

1 
2 
3 
4 
5 
6 
7 
8 

x= • a token.· .. 
call syaput('macvarl' ,x): 

9 'arrghl(10) 
ARRGH1 l'ARAHl 10 
ARRGHl HACVAal a token 
10 \put _user_, 
11 data t:eIIIPl 
12 Y • • ~-.1.; 
WAltNING: Apparent symbolic: :reference 

. HACVARl not reso1 vec1. 
13 :run: 

NOTE: 'l'be data set WOlUC.'l'EKP has 
1 obse:rvations and 1 variables. 

indicating that the IocaJ scope ARRGH1 c:ontaIns two macro 
variable names, PARAM1 and MACVAA1,1hat will not exist when 
MACVAR1 is lefeJellced In lie global scope. . 

The second %PUT _USEFL SIatBment in the global scope Will 
print IIDII*Ig to the 109 since there is no user.cfefined macro in the 
currenlly active scope, the global scope. 

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

-.::ro arzvb2 (pa:ram2) I 
data .JIUll_; 

x= -a token-. 
call SYlll>l1t ( '_eva:r:! ' • x) , 

'kmend arrgh2: 

When ARRGH2 is InVOked, followed by the RUN statement after 
the mocation. and the DATA step 

b:t:rgb2 (20) 

run, 

data temp, 
y = ~ &macvu2· ; 

run: 

the niacro variable PARAM2 is created in the ARRGH2 local 
scope; but since the DATA step is executed only when the RUN 
statemen! is encountered in open code, the current scope is the 



global scope when CALL SYMPUT executes. The CALL SYMPUT 
routine creates MACVAR2 in the global scope. The macro 
variable MACVAR2 is available in the global scope for the next 
DATA step, and IlOwaming iswrilten to the log. 

1 _=0 arrgh2 lparam2); 
2 dau ...null-; 
3 ~ -a token-; 
:4 call symputl'macvar2' ,x); 
5 bend arrgh2; 
6 
7 "arrgh2 1 20) 
8 
9 run; 

10 
11 dau telllp, 
12 Y = °&macvar2°; 
13 run; 

NO'l'E: The dau set WORK.TEMP bas 
1 observations and 1 variables. 

You can use the %PUT _USER.. statement inside the macro and 
before the DATA step referencing MACVAR2 to iIIusIIate this. 

"macro arrgh2 (param2) , 
&.ta --,,\113..-, 

x= -a token-; 
call symput 1 'mac:var2' ,xl, 
'ilput _user_, 

,mend arrgb2, 

'arrgh2 (20) 

run, 

dau temp; 
y = -&mac:var2-; 

run; 

When ARRGH2 is invoked, the follOwing is printecllo the log: 

1 
2 
3 
4 
S 
6 
7 
8 
ARRG!!2 
9 
10 

'macro arrgb2 (param2) : 
data --""11-: 

x- -a token-: 
call symput ( 'lllaevar2 ' ,xl: 
'PUt _user_I 

'iImend arrgb2: 

!i;arrgh2 (201 
PARJ\loI2 20 

run; 

ind"JCaIing that the local scope ARRGH2 contains one macro 
variable name PARAM2 with a value of 20. When the macro 
finishes execution, 1his IocaJ scope will cease to exist.. 

The second %PUT _USER_ statement in the global scope will 
write 

GLOBAL KACVAR2 a token 
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11 
12 
13 
14 
15 
16 

data temp.: 
y = -&macva.r2-; 

run; 

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

to the log since 1his example creates the macro variable 
MACV AR2 in the global scope. The subsequent reference to the 
MACV AR2 macro variable will resolve in the temp DATA step. 

WRITE MACRO GENERATED TEXT TO EXTERNAL FIlE 

In 6..09E and 6.11, there is the abili1yto write macro generated 
text to an external file. Traditionally, OPTION MPRINT displays 
SAS source statements generated by macro execution on the 
SAS log. These statements are built token by token in the SAS 
tokenizer. Each statement begins on a new line with a prefix with 
one space separating each token and ends with a semic:olon. 

IIPRINT (macroname): tokenl token2 token3 : 

OPTION RESERVEDB1, in conjurdon with OPTION MPRlNT, 
will write the macro generated $AS statements to an extemaIliIe 
in addition to writing them to the SAS log. The external file must 
be assigned by the fileref MPRINT. II) the extemaJ file, the prefix 
of MPRlNT(macroname): win be stripped. This technique will be a· 
useful macro debugging tool for users who wish to examine or 
separately run macro generated lex!. The use of a reserved 
binary option, OPTION RESERVeOB1, made baekporling of this 
feature from 6.11 to 6.09E possible. 

The syntaxis 

FILENAME HPRINT ';rour-pathname'; 
OP'l'IONS HPRINT RESERVEDB1; I 

The extemaJ liIe must be assigned by the fileref MPRINT. All 
macro generated statements will be WIitten to the external file unlt1 
the SAS session terminetes. 

For example, if we had a macro named %FILENAME whith 
generatetl a filename statement appropriate for unique operating 
systems, the following code: 

FILENAME MPRINT 'scratth/external.sas'; 
onIONS HPRINT RESli:lWEtJBl; 
"FILENA!IE(testl, here) 

writes to the SASlog the macro generated text from the macro 
%FlLENAME using the MPAINT prefix and a note indicating the 
external file. . 

. 

MPRINT (FILENAME) : FlLENAIIE 'l'BST1 °here" 
NOT2: The macro generated output from !!PRINT 

will also be written to external 
file Ilocal/u/xxx/scratth/external.sas 
while OPTIONS MPRINT and RESERVEDa1 
are set .. 

MWSUG '97 Proceedings 



Applications Development 

Also. an extemal file will be created. In WS case 
"ocaI/ulxxxlscratchfexternal.sas. which will COIlIain 1IIe macro 
generated text and an subseqUent.macro generated test in the 
session. 

~ HO -bere- ; 

If MPRINT is not assigned as a fiIeI'8f or If the file camet be 
accessed. wamlng$ will be written t:) the log and RESERVEOB1 
will be set to off. To attempt 10 use the ceature again one must 
reset RESERVEDB1. The lilstmessage wII be tom the HOST 
operating system. for 8lC8IIIPIe. 

WARNING: No logical assign for fil ........ HPRDIT. 

or 

EMOR: Physical file does not exist. 
Ilocal/u/fake/fooliShlnothere/plaoe. 

Macro will Issue the following note and turn off RESERVED81 

NOTE, 'ro store .aero genezated text in an external 
Ule. assign the £11_ XPlWI'l' to a valid 
_cexnal file. '1'0 attempt to access this 
maero c1ebugging feature again. reset OPTION 
RESEIlVEDBl. 

By default OPTIONS MPRINT and RESERVED81 are off. To_ 
the value of RESERVED81 use PROC OPTIONS INTERNAL. 

SYSSCPL MACRO VARIABLE 

The automatic macro variable SYSSCP reIums an abbreviaIion of 
the opeJa1iIlg system you are 1ISlng. The new auIcma'6c macro 
variable SYSSCPL retums the name of the specific operating 
system you are using. BollI values are read only. 

ExampleS Include 

PJatfann... SYSSCP wi... SYSSCPL value 

MAC68000 MAC MACJ,t68 

MACPowerPC MAC MAC.,MPP 

MVS OS MVS 

SOLARISZ SUN 4 SOIaris 

VMICMS CMS VM..ESA 
WlNOOWS32S WIN WlN~ 

WlNOOWS95 WIN WlN_9S 

WlNOOWSINT WIN WlNJff 

CONCLUSION 

We have added some 8lCCitIng new experimanlal fea1urBs to the 
macro facility In release 6.09E and 6.11 which we hape )'011 will 
find useful. 'The %SYSCALL macro SIatemeI d can be II$4Id t:) call 
SAS CALL and SASfTOOUCIT CALL rouIInes. %SYSEVALF is a 
new macro 1unction 1I'Iat perfonns Ioating point aJitIImetic. 
'%SYSFUNC and %OSYSFUNC are macro functions which 
provide ac:cess to SAS base functions. SCI.. functions and 
SASfGRAPH functions. 8$ well 8$ SASlTOOLJ<IT function$. We 
have provided acce:u with anonymous FTP 10 sample p!OgI8III$ 
using these new features. . 
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In veISion 6.09E and 6.11. there a'l! new keywoRIs which can be 
optionally added to the %Pl1T statement to dow macro variable 
names, scope. and values t:) be printed io the SAS log. Perhaps 
the most useful to the macro programmer will be the %PUT 
_USER.. which will liSt an the user-defined macro variables in an 
nested referencing envirorvnents that are acIive When It is 
executed. "PUT ..ALL.. will genBnlte even more macro variable 
infoImatIon by alSo liSting the $AS automatic macro VIII'iabIes 8$ 

wall 8$ the user-defined macro variables. The keywords 
J.OCAI..., _GI.08A1.... and ,J\UTOMATlC_ will write local scope, 
global scope and automatic macro variables and values to the 
$AS log. If this should be needed during develcpment of macro 
systems. 

The new macro debugging aid will write macro generated text to 
an external file. This was very popular on laSt year's SASWARE 
ballot and might be a useful macro debugging trick. The new 
automatic macro variable value SYSSCPL will add more speci1ic 
operating system values. 
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AppendIx 1 

Appencix 1 provides information for accessing the sample 61es we 
are making available which Wusllate more macros using the new 
macro statement %SYSCAU.. and the new macro functions 
%SYSEVALF. %SYSFUNC, and %Q$YSFUNC. 

The following files have been stored on $AS Institute's Internet 
gateway (sas.com): 

funcIion.sas Creates corresponding macro functions. 
g1ptest.sas Creates sec:oncl graphics example in paper. 
gtptest1.sas Creates ~ graphics example in paper. 
mactest sas Gives simple examples of new macro functions. 
mactest1.sas Gives examples of new macro functiOnS with 

funC\iOnS in Chaper 2. 
opttest.sas IJIus1rates getting option vaJues. 

You can download these files if YOII have access to the Intemet. 
To download these files. c:onne<:I to ftp.sas.com. Once yoII are 
connected. enter the following responses 8$ prompted: 



Name (fep;sas.eOlll: useria): anonymous . 
Passwora: your e-mail address 

All SUGI 21 files are stored in the foUowing direetory: 

Ipub/sugi21 

There is one sutxflfeClOly for each SUGI 21 paper !hat has files. 
DownlOad the follOwing Iile in /pu1llsugi21 for a complete index of 
all files in /puIllsugi21: 

READIIE. index 

The file README.indeX had a description of each d"lfeCIory. The 
description will contain the tiUe of the paper and the directory 
name where the files are stored. 

Appendix 2 

Appendix 2 provides an aIphabelieaIlist of aI DATA sel access, 
external file access and system funcIiDns and call routine now 
available. It is not within the scope of this paper to document them 
aU. Please eontact SAS InStitute for appropriate doeumentalion in 
a system function and c:aU routine dictionaIy: 

ATTRC A1TRN CEXIST CLOSE CUROBS OCL.OSE DINFO 
DNUM OOPEN OOPTNAME OOPTNUM DREAD OROPNOTE 
DSNAME EXIST FAPPENO FCLOSE FCOI. FOE1.ETE FETCH 
FETCHOBS FEXlST FGET FlLEEXIST FILENAME FlLEREF 
FINFO FNOTE FOPEN FOPTNAME FOPTNUM FPOINT FPOS 
FPUT FREAD FREWIND FRLEN FSEP FWRITE GETOPTION 
GETVARC GETVARN LlBNAME LlSREF MOPEN NOTE OPEN 
PATHNAME POIffr REWIND RXCHANGE RXFREE RXMATCH 
RXPARSE RXSUBSTR SET SYSMSG SYSRC VARFMT 
VARINFMT VARlABEL VARLEN VARNAME VARNUM 
VARTYPE 

SAS, SASlAF, and SASITOOLKIT are registered trademar1<s or 
trademar1<s of SAS Institute Inc. in the USA and other countries. -
indieates USA registration. 

Other brancI and product names are registered trademar1<s Dr 
trademarlcs of their respective companies. 

Jeff Polzin, SAS.1nsIItute Inc., $AS Campus Dr~ cary NC 27513, 
(919) 677-8000 x7679, poIzin@unxAScom 

Susan O"Connor, SAS Institute Inc., SAS campus Drq cary NC 
27513, (919) 677-8000 x7671, sassmo@unx.sas.com 
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