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Overview

All the macro variables we have seen so far have been referenced
using a single ampersand. This is known as direct referencing.
These macros have resolved at 'the first attempt' or have not
resolved at all.

Ed Program Editor, - m5_1 EEX
Command ===> ~
00001 %let muar = testl;
00002 %put &muar;
00003 ~
< >
Line Comment
00001 The %let statement creates the macro
variable mvar with value test1.
00002 The %put statement calls the macro
variable mvar using a single ampersand.
The resolved value is written to the Log.

However, various programming issues often require macro
variables to be referenced using multiple ampersands. This is
known as indirect referencing. This chapter examines how these
macros are identified and processed.

Multiple Ampersands and Staggered Resolution

Consider the following code. What will &&dsn&n resolve to?

B3/Program Editor - m5_2

Command ===> ~
dsn=clinics;

clinics5=How did | get here;

n=5;

denS=surprise;

g&dsngkn;

Multiple ampersands are resolved using the following strategy:

. Start at the left-hand side and group ampersands into
two’s.

. Each set of double ampersands (&&) is resolved to a
single ampersand (&& => &)

. Each & followed by a character string is resolved as a
macro variable

e A freestanding string remains unchanged.

. Repeat the above steps until all ampersands have been
removed.

The above code is processed as follows:

00001- | %let statements create macro variables.
00004
00006 | Call on &&dsné&n for staggered resolution:

First pass: receives &&dsn&n
resolves to: && 2 &
dsn = dsn
&n>5
Second pass:

receives  &dsn5

resolves to: surprise

BiLog - (Untitled)

Command ===>

1 %let dsn=clinics;

2 %let clinicsS=How did | get here;
3 %let n=5;

H %let dsnS=surprise;

5

& Yput 2&dsn&n;

surprise

<

Now, how will &&&dsn&n resolve?

B Program Editor - m5_3
Command ===> ~

00001 %let dsn=clinics;

00002 Xlet clinics5=How did | get here;

00003 Xlet n=5;

00004 Xlet dsnS=surprise:

00005

00006 Xput 2&&dsnin;

00007 @
< >
00001- | %let statements create macro variables.

00004

00006 | Call on &&&dsné&n for staggered resolution:

First pass: receives &&&dsn&n
resolves to: && 2 &
&dsn = clinics

&n =5

Second pass: receives  &clinics5

resolves to: How did | get

here

B Log - (Untitled)

Command ===>

T %let dsn=clinics:

] %let clinics5=How did | get here:

19 %let n=5;

10 %let dsnS=surprise;

11

12 “put ag&&dsnan:

How did | get here

< 3

Examples of the form (&&&mvar) are rare whereas the generation
of multiple macro variables using &&root&suffix to give &root1, etc.
are quite common. Any number of ampersands can be used.
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As a final example, changing the value of i causes different macro
variables to be referenced. This is used to print different titles.

B Program Editor - m5_4

Command ===> ~
00001 Xlet titlel=First Title for Saved.demograf;

00002 Xlet title2=Second Title for Saved.demograf;

00003 Xlet title3=Yet Another Title for Saved.demograf;
00004

00005 Xlet i=1;

00006

00007 title “a&titlesi™;

00008 proc tabulate data=saved.demograf;

00009 class status gender:

00010 var salary;

00011 table status, gender=salary:

00012 run;

< >

B Output - (Untitled) [®9l=13]
Command ===3 ~
First Title for Saved.demograf
gender
F M
salary salary
Sum Sum
status
D B00D.00 20000.00
M 1321600.00 118300.00
s 43000.00 17800.00
SEP 18000.00 12000.00
W 30000.00
< > z

Symbol Tables

This module examines the concept of symbol tables in greater
depth. It has already been pointed out that macros live in symbol
tables. It is critical to know which symbol table receives a macro.

Correct use of macro values requires the programmer to know how
to change or avoid changing macro variable values in specific
symbol tables.

This module develops the default rules for placing macro variables
into global and local symbol tables. However, sometimes the default
rules are not what the programmer needs. After examining default
placement rules, this module looks at how to assure that macro
variables are written to the symbol table of the programmer’s
choice.

Symbol Table Rules

At SAS invocation time, the Automatic Symbol Table (AST) is built
containing most of the automatic macro variables.

An executing macro builds a symbol table local to it. This symbol
table is deleted once the macro has ceased execution.

Just like the Data Step, the macro first compiles (when defined) and
then executes (when called).

The %macro statement signals the start of the macro definition.
The macro processor takes all the code that follows until it reaches
the %mend statement, compiling the code and saving it in the Work

library.

The default location for a %macro - %mend bundle is the Sasmacr
catalog in the Work library.

The 'compiled’ form is a mixture of compiled statements and
constant text.

Upon a macro call, the macro processor retrieves the compiled
macro code from the Work library and executes it, placing any
generated code upon the SAS input stack as text.

During macro execution, the macro processor may pause while text
placed upon the input stack is processed. That is to say, once a full
step is placed upon the input stack, there will be a pause while it is
executed.

However, macro execution does one further thing. It creates a
symbol table local to the executing macro for the duration of the
execution of that macro. Once the execution of the macro has
completed, the local symbol table is deleted.

In addition, we now know another way of defining macro variables —
as parameters (either positional or keyword) in the definition of a
macro. The macro variables defined in this way are always and only
placed in the symbol table local to the macro. So, during the macro
execution, there is access to two symbol tables - the local one and
the global one. The local table is always searched before the global
one. We shall return to this subject in the next module.

In this section, we illustrate the rules for the following:

e  Writing to the various symbol tables during the execution
of a macro

. Reading from the symbol tables.

There are several factors to keep in mind when working through the
following examples.
These include the following:

How is the macro variable defined?

1. %let statement,
2. parameter,
3. otherwise....

Where is the macro variable defined?

1. Inopen code
2. Within a macro bundle

What is the name of the macro variable?

1. Same as an already-existing macro variable
2. Atotally new name

Example 1

(%] Program Editor - m9_1

Command ===>

00003 ¥macro fiscal;

00004 Zlet quarter=1;
00005 Yput =xsQquarterxxx;
00006 Xmend fiscal;

EIBIX

00009 “fiscal

00011 Zput *xx@quarterxxx;

00004 The %let statement defines a macro inside a
macro bundle.

00005 The %put statement tests the value of &quarter
inside the macro bundle.

00011 The %put statements tests the value of
&quarter after the macro bundle has finished
executing.
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The log is displayed below.

B Log - (Untitled)

ICommand ===> ~
55 ¥macro fiscal;

56 %Xlet quarter=1;

5T Zput =xxQquarterxxx;

43 ¥mend fiscal

53

60

61 “fiscal

LR

62

63 Zput xxxZquarterx=x;

WARNING: Apparent symbolic reference QUARTER not resolved.
ExxZquarterxxx ~
< >
Explanation

When %fiscal executes a symbol table local to the macro fiscal is
established. With the local symbol table in place, the %let statement
does the following:

Checks the most local table for the existence of a macro variable
called quarter.

If a macro variable called quarter is found, its value is overwritten in
that symbol table.

If a macro variable called quarter is not found, the macro processor
checks the next higher table (i.e., here, the global symbol table) for
the existence of a macro variable called quarter.

If a macro variable called quarter is found in the next higher table,
its value is overwritten in that table.

If a macro variable called quarter is not found, the process of
checking the next higher symbol table continues. If a macro
variable called quarter is never found, a macro variable is created
and its value assigned in the most local table (i.e., the first table
searched).

So, in this example the macro called quarter is established in the
table local to fiscal.

The %put statements now read from the tables. During the
execution of %fiscal, the macro processor will do the following:

e  Search the local table for the presence of &quarter, find it
and report on the value. The %put statement inside the
macro fiscal will therefore write the value of quarter to the
log.

e When %fiscal completes the local symbol table is deleted.
Therefore quarter no longer exists. An error occurs when
the %put statement outside the macro fiscal attempts to
write a nonexistent macro. .

Before During Execution After Execution
Execution
Global Global Symbol Table | Global Symbol
Symbol Table Table
Local Symbol Table
FISCAL
Quarter = 1
Example 2
Ed Program Editor - m9_2 [[=1[E3]
Command ===> ~
00001 %let month=January;
ooo0o02
00003 Xmacro fiscal:
oo004 %let quarter=1;
00005 Aput =xxZquarterxxx;
00006 Aput =xxZmonth=xx;
00007 ¥Ymend fiscal;
00008
00009
00010 %fiscal
00011
00012 Xput *xx@quarterxxx;
00013 Xput =xxZmonthxxx; a
< >

Line Comment

00001 The %let statement defines a macro in
open code.

00004 The %let statement defines a macro inside

a macro bundle.

Two %put statements test the value of
&quarter and &month inside the macro
bundle.

Two %put statements test the value of
&quarter and &month after the macro
bundle has finished executing.

00005, 00006

00012, 00013

B Log - (Untitled)
Command ===>
86 #fiscal
% %% | %% %
xxxJanuaryxxs
87

EBEX

88 Aput ==xRquarterwxx;

WARNING: Apparent symbolic reference QUARTER not resolued.
Exx2quarterxxx

89 Aput *xx&monthxxx;

ExxJanuaryxxx 3
< >

Explanation

When the first %let statement executes in open code it writes to the
global symbol table. Therefore, the macro variable month is defined
in the global symbol table with a value of January.

When %fiscal executes another scope is established, which is the
symbol table local to the macro fiscal. With the local symbol table in
place, the second %let statement operates as described previously.

In this example then, the macro variable month is established in the
global symbol table whereas quarter is established in the table local
to fiscal.

The %put statements now read from the tables. During the
execution of %fiscal, the macro processor will do the following:

e  Search the local table for the presence of &month.

. Upon failing to find it, macro processor will now search
the global table, find it, and report the value.

e  Search the local table for the presence of &quarter, find it
and report on the value.

e When %fiscal completes, the local symbol table is
deleted, so that the final %put statements have only the
global table left to search. So, &month is found but
&quarter is not.

During After Execution
Execution

Global

Before Execution
Global Symbol Table

Global Symbol
Symbol Table
Table

Month =
January
Local
Symbol
Table
FISCAL
Quarter =
1

Month = January Month = January
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Example 3

00001 The keyword parameter defines a macro

B Program Editor - m9_3 (=13 associated with the macro bundle.

Command ===> o 00002 | The %put statement tests the value of &region
gggg; “let month=lanuary; inside the macro bundle.

00003 %macro fiscal; 00007 | The %put statements tests the value of &region
00004 Zlet month=1; after the macro bundle has finished executing.

00005 Aput exExEmonthexs;
00006 Ymend fiscal;

00007 Bl Log - (Untitled) [i=1ES]
00008 Command ===>
00009 “fiscal 117 ¥macro stats(region=);
00010 118 Zput ==xfregionzxs;
00011 Xput #ExZmonthx*xx; 119 ¥mend stats;
nnniz v 120 )
< > 121 ¥stats(region=CT)
X XEXCTHxX
122
H 123 ¥put &region;
UARNINE: ﬁppaaent symbolic reference REGION not resolved.
00001 The %let statement defines a macro in open |&region
code. < >
00004 The %let statement defines a macro with the .
same name inside a macro bundle. Explanation
00005 The %put statement tests the value of &month
inside the macro bundle. Macro variables created as parameters are placed only and always
00011 The %put statement tests the value of &month in the table most local to the macro (except for read-write automatic
after the macro bundle has finished executing. macros, see example 7).
B Log_ (Untitled] Before Execution During Execution After
Execution
Global Symbol Table | Global Symbol Global
109 ¥out x¥egmonthxws Table Symbol
LU mon H
w1k - Table
< >
Local Symbol
Explanation Table STATS
Region = CT
The sequence of logic is the same here as for the previous
example: Example 5
Macro variable month with value January is written to the global B3 Program Editor - m9_5 EEX
table. Command === =
00001 %let region=CT;
. 00002
Upon macro execution, the processor checks the most local 00003 ¥macro stats(region=);
environment for a macro variable called month. Failing to find it, it O e put xaxfregionxxs;
checks the next higher table(s). Upon finding a macro variable 00006 ’
month in the global symbol table, the old value (January) is ggggg “stats(region=AZ)
overwritten with the new value of 7. 00009 Yput *x*@regionwxxs;
00010 v
< >

Both %put statements report from the global table, the 'inner' one

checking the local table first. .

Before Execution During After Execution 00001 | The %let statement defines a macro in open
Execution code. ‘
Global Symbol Global Global Symbol 00003 | The keyword parameter defines a macro of the
Table Symbol Table same name associated with the macro bundle.
Table 00004 | The %put statement tests the value of &region
Month = January Month = 1 Month = 1 inside the macro bundle. i
Local 00009 | The %put statement tests the value of &region
Symbol after the macro bundle has finished executing.
Table
FISCAL B Log - (Untitled)
Command ===> ~
130 ¥stats(region=AZ)
% X % [\ 7 % % %
131
Example 4 132 ¥Yput xxxQregionxxx*;
% %% CT %% »
Ed Program Editor, - m9_4 < 2
Command ===> ~
00001 “macro stats(region=); Explanation
00002 Zput ==xZregion®xx;
00003 Ymend stats; X
00004 ] Although the %let statement has already established the macro
ooa0e “stats(region=CT) variable region in the global environment, the value is not
00007 Xput Sregion; overwritten by the parameter. Macro variables created as
o i parameters are placed only and always in the table most local to the

macro (except for read-write automatic macros, see example 7).
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This example also illustrates the read sequence: the most local
symbol table is always read first with the global and automatic
tables last.

Before Execution

During
Execution

After
Execution

Global Symbol Global Symbol Global
Table Table Symbol Table
Region = CT Region = CT Region = CT
Local Symbol
Table STATS
Region = AZ
Example 6

E3 Program Editor. - m9_6

Command ===>

00001 %let sysdate9=15apr2003;
00002

00003 ¥macro testB;

00004 ¥%let sysdated=01jan2003;
00005

00006 Yput &sysdated:

00007

00008 ¥mend test6;

00009

00010 Xtesté

00011

00012 ¥put &sysdate9;
<

00001

The %let statement attempts to define a
macro variable using the name of a read-
only automatic macro.

B Log - (Untitled)

Command ===)

ERROR: Attempt to assign & value to @ read-only symbolic variable
(SYSDATES ).

26 #let sysdated=15apr2003;

27

28  Ymacro tests;

23 “let sysdated=01 |an2003;

30

(31 Zput Zsysdated;

32

33 “mend testE;

chl

35 Atest6

[ERROR: Attempt to assign a value to a read-only symbolic variable
[ SYSDATES ).

04HARZ003

36

37 Yput Lsysdated;

04MARZ003 |

< ¥

Explanation

&sysdate9 is set by the system and is read only. The %let
statement follows the standard write logic and the error message is

given.

NOTE: Do not give your variables the same name as read-only

automatic variables!

Before Execution

During

After

Execution

Execution

Automatic Symbol Automatic Automatic
Table Symbol Table Symbol
Table
Sysdate9 = 04MAR2003 | Sysdate9 = Sysdate9 =
04MAR2003 04MAR2003
Global Symbol Table Global Symbol Global
Table Symbol
Table

Example 7

Ed Program Editor, - m9_7 Q@E\
Command ===> A
00001 Xput &syslast;
go002
00003 ¥macro testT(syslast=);
00004 Yput Zsyslast;
00005 ¥“mend testT:
00006
00007 %test7(syslast=whatever)
00008
00009 Xput 2syslast: v
nnAin
>
Line Comment
00001 | The %put statement tests the value of &syslast, a

read-write automatic macro variable, before the
bundle executes.

00003 | The keyword parameter defines a macro with the
same name as the automatic macro.

00004 | The %put statement tests the value of &syslast
inside the macro bundle.

00009 | The %put statement tests the value of &syslast

after the macro bundle has finished executing.

B Log - (Untitled)

213 Xput &syslast;
WORK .DEMOGRAF

214

215 ¥macro test7(syslast=);
216 fput &syslast;
217 ¥mend testT:

218

219 ftestT(syslast=whatever)
WORK .whatever

221 ¥put &syslast:
WORK .whatever

< >

Explanation

&syslast is set by the system but is a read-write macro variable. The
parameter to the bundle has the same name. The read sequence is
the same as that discussed: the most local table is read first with
the global and automatic tables read last. The difference in this
example is that the value of the automatic variable is overwritten.

Before Execution During After Execution
Execution

Automatic Symbol Automatic Automatic

Table Symbol Table | Symbol Table

Syslast = Syslast = Syslast =

work.demograf work.whatever | work.whatever

Global Symbol Table | Global Global Symbol
Symbol Table | Table

Nested Macros

A nested macro refers to a macro invoked within another macro.
Nested macros allow increased flexibility and control over program
flow.

There are two basic structures for creating nested macros. In the
first technique, one macro is completely defined within a second
macro.
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B Program Editor - m10_1

Command === -~
00001 ¥macro both(ds,by,out);

00002

00003 ¥macro sortit(dset,byl,out);

00004 proc sort data=saved.&dset out=work.2out;

00005 by &byl;

00006 run;

00007 Ymend sortit;

00008

00009 Xsortit(&ds.&by.&out)

00010

00011

00012 ¥macro printit(dset,by):

00013 title "Header Information for Data Set Work.Rout™;
00014 proc contents data=work.&out;

00015 run;

00016 title "Data Set Work.Zout Sorted By &by™;

00017 proc print data=work.&out;

Q0018 run;

00019 title:;

00020 Xmend printit;

00021

00022 Xprintit(&ds,&by)

00023

00024

00025 Xmend both;

00026

00027 ¥both(demograf ,gender ,demograf) 2

<

Such a structure will work, but is inefficient. The inner macros are
stored as text instead of being compiled. Each time the outer macro
executes the inner macros are compiled.

A more efficient technique is to define each macro separately and
then invoke the compiled macros:

Ed Program Editor - m10_2
Command =
00001 ¥macro sortit(dset,byl,out);

00002 proc sort data=saved.&dset out=work.&out:
00003 by gbyi:

00004 run;

00005 Ymend sortit;

00006

00007 ¥macro printit{dset,by);

00003 title "Header Information for Data Set Work.2out™;
00009 proc contents data=work.out:

00010 run;

00011 title "Data Set Work.2out Sorted By &by™;
00012 proc print data=work.&out;

00013 run;

00014 title;

00015 ¥mend printit:

00016

00017 ¥macro both(ds,by,out);

00018
00019
00020

“sortit(&ds,&by ,2out)
“printit(ads.&by)
Ymend both;

Yboth(demograf ,gender ,demograf)

Because all the macros are defined separately, they all compile.
Here are the referencing environments:

When the outer macro, both, is executing, the referencing
environment is:

The symbol table local to both plus the global table.

When the middle macro, sortit, is executing, the referencing
environment is:

e  The symbol table local to sortit, the symbol table local to
both, plus the global table.

When the inner macro, printit, is executing, the referencing
environment is:

The symbol table local to printit, the symbol table local to
sortit, the symbol table local to both, plus the global table.

Note that as a macro's execution terminates, the symbol tables are
deleted and the referencing environment is reduced again.

Controlling the Placement of Macro Variables

So far, we have seen default rules for placement of macro variables
into symbol tables. These rules help the programmer determine the
value passed to the program. Often the default rules permit efficient
coding possibilities.

In contrast, there are times when the default rules for placement will
work against the goals of the programmer.

A macro variable might go global and replace a value needed for
reference in later portions of the program.

Conversely, the programmer might wish to confine a macro variable
to a local symbol table. This strategy would help minimize the size
of the global table over the course of the SAS session. Local tables
are destroyed after the macro finishes executing.

Restricting as many macro variables to the local tables as possible
helps increase efficiency in the SAS session.

This section examines situations where the default rules for
placement of macro variables are at odds with programming goals.

The programmer seeks to keep a macro variable in the local table
where otherwise it would go to the global table. The reverse case
can also be true: the macro variable should be written to the global
table but would be written locally by default.

Directing a Macro Variable to the Global Table
Sometimes a variable will be made local when the programmer

seeks to place it in the GST. To allow its value to be used in another
step, consider the following code:

[Untiled)

run;
#mend subset;

#macro primtit;
title "Subset of Demogius where Status = Retatus..”;

proc print datasistatus [(whores(status="&status"]);
rum;
#mend printit;

#aubset
#printit

By default, the %let statement assigns the macro
variable status to the most local table. The macro
variable is unavailable during the execution of
Y%printit.

The Log window shows the reason the program fails to print and
create the correct title.

B 1 og - Pisistiedy
130 xsubsot

: Thore were G2 obsorvations rosd from the dstssot SAVED.DEMOGIUS,
RE us="H";

ot WORK.M has 62 obsorvations and 16 varisblos.
mont used:
1.43 soconds

WARMING: Apparent symbolic reference STATUS not resolved.
#printit
: Line gencrated by the invoked macro “PRINTIT™.
proc print datazistatus

2z

16
1311 [wheres(atatuas"
WARMING: Apparent auw
WARMING: Apparent aimb

8" )] rung
reference STATUS not resolued.
reference STATUS not resolued.

ERROR 22-322: Expecting a mame.

ERROR TE-322: Syntax error, statement will be |gnared.

MOTE:
MOTE:

The SAS Syates stopped processing this step because of errors.
PROCEDURE PRINT used:
real time ©.48 seconds

| |
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How might this programming objective be realized? T e genderer by
put lessigondoress;
:;:lrlll
3 Program Edsios - [Unbitied] 135 Xmacro genderd;
Command ===3 - 136 Xput Zesskgondorens;
Soges FaIcoRl etatus; 135 e heans datazssued.denogius mean:
00043 Xmacro subast; 138 here genter = "agender;
00005  Clmra amtetim; 141 #put Jsaskgenderass; )
00006 sot saved.demogius [where=(status=""detatus™)); M3 x“::"éu"ur";
00T run; 144
g:s:g #¥nend subsst; 145 Kput YEEsRgendoress;
el HERsFEEs
::::T :‘I:T;‘l"gzé:;;‘éf DOIOQIU. where Status = ketatus..”; EEE le;:‘rutngmusri da -
::s:g proc print datazéstatus (whore=(status="&status™]);: 149 nrp':c Iulnl"::" l:le.dunngluo LI L
00014 run; 150 var salar _ -
00015 Xmend printi': 151 where gender =
00016 }52 Es:t Geanigenders:
20018 Hpringit 1S4 xnend genderr:
Gooig 156  Yput Tassigendersas;
00020 ¥put _global_; TEREFERE
DO0E1
DOOEE title; ::; ¥gendert
D‘?OES | . " CHRRFEES
PR 2
: . ! i
Line Comment
00001 | The %global statement directs the creation of a
. . . . MNOTE: There were 64 cbservations roed Trom the detaset SAVED,.DEMOGIUS, :l
macro variable (in this case status) in the global | WHERE gender="H";
. . MOTE: PROCEDURE MEANS usod:
table. The value of the variable is null. real tine 1.98 secands
00004 | The %let statement inside %subset follows the 153 zput Brsssgenderses;
default rules. The GST receives the value for [ —
status, just as the programmer had intended. EHHH
. . . MHOTE : ;::;E ::::e;i.:':?:nerua!mnl read from the datasset SAVED.DEMDSIUS.
Directing a Macro Variable to the Local Table T Dl time S YR 6 sccands
. ) 162  Xput Sesskgendersss;
The programmer may also want a macro variable to be written to peanats -
the local symbol table. L ' af

This step would assure that a value in the global symbol table would The default rules have worked against the goals of the program.

not be overwritten. . .
The global macro variable gender was given a new value. To

assure that the value of a macro variable is written to the local table,

Also, the global table would not become cluttered with macro :
include syntax as shown.

variables used on a one-time basis.

I Frogram Edslen - [Unliled]

I Frowam Edter - [Unbtied] Command ===3 -
Command ===3 i 00001 Xlet gender=F;

00001 Xlet genderzF; | 00002 Hput I¥ERRgQEndoraEE;

DO00E Hput THERRgEnder#eE; 00003

00003 00004 ¥macro gonderH;

00004 ¥macro genderH; 00005 ¥put TEERBgENDErEEE:

00005 ¥put ZEFFRgENDErEEE; 00006 Xlocal gender;

00006 Xlet gender=H; ) 00007 Xiet gender=H;

p0007 proc means datazsaved.demogius mean; B0008 proc moans datazssved.demogius mean;
00008 var ealary; 00003 var salary;

o003 whore gendor = “&geondor’; 00010 where gender = “kgender’;
soolo *put INEFRQENDErEEE; 00011 Xput Iessigenderses;

00011 run; 00012 run;

00012 Xmend genderH; 00013 ¥nend genderH;

00013 oo0iy

0001Y Hput HEERBgenderEEE; 00015 ¥put YEERRgENDEr#EE;

00015 00016

00016 ¥macro genderF; 00017 ¥macro genderf;

00017 Hput SEEFEgQERCEFEEE ] 00018 Hput GassBgenderass;

00018 proc mesne dsta=esved.denogius mean; 00019 proc means datazsaved.denogius mean;
00019 var salary; 0000 var salary:

o000 whore gendar = “&gender®; DO0E1 where gender = “kgender’;
00021 %put Gasshgondoress; 00022 #put GREFBgERdorEEE;

000z run; 00023 Fun

00023 ¥mend genderf; 00024 Hmend genderf;

ooozy 00025

00025 Hput TRERBgEnderakE; D00BE Xput Tesshgenderess;

00026 00027

00027 ¥genderd 00028 HgenderM

D00EE Xput BessngEnderes; Q00ZS Hput BRERRQOADSrERE;

00023 00030

00030 XgendarF 00031 HgendorF

00031 Xput Sessgenderses; 00032 Xput SEERRgERDEFEEE;

00032 - 00033

00001 | The %let statement in open code creates the 00006 | The %local statement creates a macro variable
macro variable gender in the GST with value F. gender in the symbol table local to %genderM.
00006 | The %let statement replaces the GST value of The value of gender is null.
gender with M. This value is what the programmer 00007 | The default placement rules write the value to the
wanted for the %genderM macro bundle. local symbol table. The macro variable gender in
00020 | The &gender resolves to M, not F as the the GST remains F.
programmer had wanted.

Overview

This module looks at how the Data Step can create macro
variables, often out of a data set variable. The Call Symput routine
is used to create a macro variable from within the data step.

In addition, this module looks at the Symget function for bringing a
macro variable into the Data Step.
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Call Symput Routine
Of all the macro syntax options, Call Symput is one of the most
important and most useful. With Call Symput, we have another way
of creating a macro variable and giving it a value, this time during
data step execution.
The syntax for call symput is:

Call symput (macro variable name, macro value);
Note:

. Call Symput is used exclusively in the Data Step.

. Call symput works at data step execution time (not
compile time).

. The macro variable is not available until the data step
creating it completes execution (i.e., until after the run
statement).

Another issue to be aware is if the arguments are in quotes or not.
Briefly, any argument enclosed in quotes is taken as the literal
name or value. Any argument not in quotes is treated as a variable
and the argument is the value of that variable.

Several examples follow illustrating this last point.

Example 1

Untiled)

Command =» EI
00001 date _null_; I
00002 call symput( "nowmacro®,"hello’);

00003 run;

Doy

00005 Xput HEFRACWMACIONER;
00006

4 o

Comment

00002 | Both arguments are in quotes. Argument one
creates a macro variable newmacro with the value
hello.

Example 2

00005
DO00E Hput EEsRavarses;
ooy

Comment

First argument unquoted and second argument
quoted. Argument one references the data set
variable ‘x’, which has the value of ‘mvar’.
Argument one creates a macro variable mvar with
the value greetings.

00003

Example 3

3 Frogram Edilon - [Unbiled]

00003 ¥ = "Honday';
D000y call symputix,w):
00008 run;

00006

D000T Hput wesEmuaress;
00008

4 o

Neither argument is in quotes. Arguments one
and two reference data set variables ‘x’ and ‘y’
respectively. Both data set variables have values.
Argument one creates a macro variable mvar with
the value Monday.

Example 4

V0006 Xput sssfxess;
00eT

p o

00003

Only the first argument is in quotes. Argument two
references a data set variable ‘y’ with value
‘Monday’. Argument one creates a macro variable
‘X’ with the value Monday.

These are the four variations in the Call Symput routine.

Now note the timing of creating the macro variable with Call
Symput.

Comt

00001 data _mull_;

(T 1 = "January™;
00003 gall symputl “manth™,z1];
Bo08d Hput I##sEmanthsss;

00006
00007 Hput ZHskEmonthess;
0008

i | o

00004 | The %put inside the Data Step will not resolve
since the macro variable has not been created.
00007 | The %put after the Data Step will resolve.

Using the Call Symput Routine

Application of the Call Symput routine displays its programming
power.

To illustrate, let’s create macro variables and values for frequencies
of distinct values in a data set.

3 Frogram Edilon - [Untiled]

Command ===3 =
00001 proc Treq datazeaved.demogius order=Treq; I
o000z table status # noprint out=work.stats

00003 whore=(status ne " *

00004 keep=status count);

o
00007 proc print dataswork.stats; run;
00008
00003 data _null_;
soolo =et work.stats;
00011 call symput(etatus, count]);
00012 Fun;
00013
00014 Xput HEERMERN;
00015 Xput KEsBdEEs;
00016 Xput sesharss;
00017 Xput EEEEPEEE;
00018 Xput sssRusss;

00019 -
4 of

00011 Each loop of the incoming SAS data set
work.stats creates a new macro. The macro name
is determined by the value in the status variable.
The macro value is determined by the value in the
count variable.

Analyze the following additional programs to see the power of the
Call Symput routine.

Example 1:

Create output as shown. It requires both a string and numeric value
reflecting the average salary of the data set.

Format the string to use in a title statement.

Use the numeric value in a Where statement to subset the top half
earners into a new data set.
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Command ===3 -
00001 proo means datassaved.desoglus mean moprint:
war mslary;
autput outswork.summery (keop=mosnssl ] moansmosnsal;
000 Fumg

0006 deta _null_;
0007 soT Work.sumRary;

call symput{ 'meansal’
el call symputl ‘avgssl’
0 rung

Jmeansal )
JPutimeanss | dol lari0.2));

titio

“Avorage Salary e Bavgsal.
titiez

z

3 "Subsct of Population with granur than average |ncome.

"

§ data work.tophaif;

3 et saved.demogius (Where=(sslary gt &eeansal )

T KEepE nane sblary statrnol;

B run;

E]
0 proc print detaswerk.tophaif;

0oz var namo staTTno salary;

ooz2 format smalary dollariz.2;

0623 run;

P . o

00001-00004 | Proc Means is used to calculate the mean
of the variable salary. An output data set is
created (work.summary) with a variable
(meansal) that is the mean of salary.

The data step is used to read in the data
set created by Proc Means. Call symput is
used to create macro variables meansal

00006-00010

and avgsal.

00012 Macro variable avgsal is used in Title
statement.

00016 Macro variable meansal is used in where

clause to subset data.

Average Salary |a SEI.382.19. E.

Subset of Population with groater than auersge |incoms.

obs HAME STAFFND SALARY
1 dulia Pendliebury o052 B25,410.00
z Holen Cindarford, 0054 BZE,200.00
3 Mark Chapei o019 230,360.00
4 dulic Jemnings 00BH 225,700,060
5 David Dullay 0066 229,700.00
B Dawn Duvet 0085 %26,375.00
T Brlan Ellous 0083 224,500.00
] Detcrah 8ciling 0071 237,600.00
8 Terence Lafte o002 35,200.00
10 Aian Pasticthuaite 0034 ®33,520.00
11 Colis Frosbody 005 223,023.00
12 Agnes Fortesque-Smyt 0051 25,410,060
13 Susan Mcorath 0017 353,370.00
L] David C. Andersen 0079 22 ,950.00
15 Elaine H. Allen 00B0 226,050 .00
16 Carl M. Fischar 0031 4T ,E20.00
17 Deborah Rando iph 0077 ®27,950.00
18 Lols Bare [ 35,650 .00
19 Mark Mancini 00101 B29,200.00
ﬁo Pamala Hiant 0080 *£8,660.00 | ;’ﬂ

Example 2:

Create macro variables to show average age by gender values.
Show one average age for males, another for females.

3 Peugram Edtor - [Untited)
Commang =E83 -
00001 proc sort dsta=ssved.donogius

00002 ut=work.demog lus;
00003 by gender;
BO0eN Fun;

5
20086 prog mesns deteswork.denogius mesn noprint

age
by poaaer
output Sut=work. sgostate [hncn rﬂnuur moan
3 where={gender ne " *1)
1 mesn=mosn
2 runi

deta _nul
5T MOPR sgEutat
Sal 1 mymputigandar , 1att{mean)

HpUT RERETEEE |
Hput sasRmess |

- . o

00001-00003 | The data set saved.demogius is sorted by
gender.

Proc Means calculates the mean age for
each gender. An output data set is created
(work.agestats) with two observations; the
first with the mean age for Females and
the second with the mean age for Males.
The data step reads in the data set
containing the mean age values. Call
symput is used to create a macro variable.
The name of the macro variable is given by
the value of the gender variable. The
value of the macro variable is given by the
value of the variable mean. Because there
are two observations in work.agestats, two
macro variables are created, one for
Females and the second for Males.

%put is used to write the value of the
macro variables to the Log

-
5
&
T run
o
a
0
1

00006-00012

00014-
00017

00019-
00020

Bl Log - (Untitled)

Command ===>

60

61 “put *i*&fi*i,
%%%37.2

62 Xput ***&m***,
%%%38.78125 xR

< >

Example 3:

The idea is to archive observations more than 30 days old. This
example could be adapted to any dynamic file (say one under
FSEDIT control) where it was important to move old observations
into some archive or backup file.

[

[Unistled)
Cannand ===%
00001 data work.nowW; I

o002 input 21 date dated.
00003 readingi
00004 reading?;
00005 datallines;

00006 0lsepld86 1oz 150
00007 19augl336 a8 143
00008 05may1887 120 a4y
00003 E2laugld36 33 66
00010 1imayl886 13 &7
00011 run;

o001

00013 data work.oldrecs;

o001y sot work.now
d00is IT todaw( )} - date » 30 then output work.oldrecs;
00016 run;

00017

00018 data _null_

00019 ST work. ©0ldrocs nobssRURODS ;

00T 0 call symput( 'append’, left(nunobs)];

00021 stop

00022 run;

00023

00024 #macro archive;

B0025 XIT Bappond ne 0 Xtheon Xdos

00026 proc append base=saved.arch data=work.oldrecs;

00027 run;

00028 ¥end:

00023 Xolso Xput Nn arehlulng required;

00030 ¥mend archiw

00031

00032 Xarchive:

00033 -
il | e

00001-00011 Create original data set.

00013-00016 | Create work.oldrecs with observations
more than 30 days old.

Use data set option NOBS to create
variable NUMOBS. The value of NUMOBS
is the number of observations in data set
work.oldrecs. Call symput is used to
create a macro variable (append) with the
number of observations in the data set
work.oldrecs.

Macro bundle archive is created. If the
value of the append macro is not zero
(therefore there are observations in the
work.oldrecs data set) the Proc Append
code is generated and executed.
Otherwise the Proc Append code is not
generated and executed.

00018-
00022

00024-
00030

Example 4:

Subset a data set so that each distinct value of a variable is written
to a new data set bearing the value name.

[ Frogram £

[Uniitied)
Command
o0onl
00002
00003 & Croste 8 |ist of dll'lnb' values af the byuar;

00004 proc Treq datazkinputds

00005 tables byvar ~ nopr-lnt sut=wark.nunbys [Keep=kbyvar);
00006 run;

00007

00008 xe Create a series of macro variables with count values;
00003 data _n :

o001 s8T work.numbys end=x;

00011 call symput{ muar’||left{put{_n_,2.]]},

onniE leftiputispyuar,3.]));

00013 iT x then call symput( numobs’,put{_n_,2.));

00014 Fun;

0001s

00016 ¥# Usm the Data Step to namo now data sots and subsot;
00017 data
oo018
00018
ooo0zo
00021 .
noozz set Rinputds;

00023 xlet olse=;

ooozy #de | = 1 Xto Bnumabs;

00025 &olse if Bbyvar=B&mvarki then output Sprofixt&mvarki;

00026 %let clscsclise;

00027 *end;

00028 run;

oo0z3

00030 Hmend split;

00031

00032 Xeplit (esaved.bpl, patient, ds)

00033 -
4] e

>
o eplit [ Inputde.

byvar, prefix];

¥do i=1 ¥to Enumobs;
Lpraf | xkEmuars |
Hend;
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00004-00006 | Use Proc Freq to create a data set
containing all unique values of variable
defined by &byvar.

Create a series of macro variables called
mvar1, mvar2, etc. The values of these
macros are given by the value of the
macro &byvar. The macro variable
Numobs that is created has a value equal
to the number of unique values of &byvar.

00009-00014

00017- Use a %do loop to create the data set

00021 names in the data statement.

00023 Create macro variable else and set its
value to null

00024- Use a %do loop to generate a series of if,

00028 else if statements. Based on the value of
&byvar the observation is written to the
appropriate data set.

Example 5:

Let us assume that the programmer wants a title statement to spell
out the results determined from data set summarization.

For example, if there are more males in the population than
females, the title should read, “Males outnumber Females”. If the
reverse is true, the title should read, “Females outnumber Males”.
How can the programmer tell SAS which title to select?

Ed Program Editor - m12_11 Q@E|
Command ===> ~
00001 %macro males;

00002 title Males outnumber Females’;

00003 titlez “&m to &f";

00004 “let order = descending;

00005 Xmend males;

00006

00007 “macro females;

00008 title ’Females outnumber Males’;

00009 title2 "&f to &m";

00010 #let order =;

00011 “mend females;

00012

00013 “macro size;

00014 #global order;

00015 options nodate nonumber;

00016 title;

00017

00018 data _null_;

00019 set saved.demogius (keep = gender

00020 where =(gender he ” 7))

00021 ehd=end;

00022 retain f m ;

00023 if gender = F” then f+1;

00024 else m+1;

00025

00026 if end then do;

00027 call symput(gender, compress(put(f, 3.)));

00028 call symput(gender, compress(put(m, 3.)));

00029 end;

00030 run; 3
< >
Ed Program Editor - m12_11 Q@E|
Command ===> ~
00032 “iT &m gt &F XZthen Zmales;

00033 #else Zfemales;

00034

00035 proc sort data=saved.demogius

00036 out=work.demogius;

00037 by &order gender;

00038 run;

00039

00040 proc print dataswork.demogius;

00041 run;

ogo4z

00043 *mend size;

00044

00045 Xsize e
< >

Comment

The %macro - %mend bundle males
supplies the title to use if males outnumber
females. If so, the data set is sorted in
descending order to show the males at the
top. The second title statement will show
the actual values (derived below).

The %macro - %mend bundle females
supplies the title to use if females
outnumber males. If so, the data set is
sorted in ascending order to show the
females at the top. The second title
statement will show the actual values
(derived below).

Line
00001-00005

00007-00011

00014 The %global statement creates a slot for
the order macro. The value is supplied
when the macro %male or %female is
invoked conditionally below.

00016 Because titles are used, all previously

existing titles are removed.

The sum statements F+1 and M+1 count
the number of observations read into the
Data Step.

The Call Symput routines create macro
variables F and M at then end of the data
step execution.

The %if...%then condition invokes either
%males or %females based on values of
the macro variables. At this point the title
statements are ready and the Global
Symbol Table holds a value of either
descending or <null> for the macro
variable order.

The order macro variable resolves from the
Global Symbol Table.

00022-00025

00027-00029

00033-00035

00039

Frequently Asked Questions about Call Symput
(a) To which symbol table does the macro variable belong?

Most macro variables created by the use of the Call Symput routine
are placed in the global table. However, the variable will be placed
in the nearest symbol table in the current referencing environment
of the data step, providing that symbol table is not empty. If it is
empty, it will be placed in the next higher symbol table, providing it
is not empty and so on.

(b) When is the macro variable available for use?

The most common mistake with the use of the Call Symput routine
is to forget that the macro variable is only available after the data
step completes execution!

(c) How does the Call Symput format character values?

The default format is $w. where w is the width of the variable.
Hence trailing blanks may also be transferred. Avoid this by the use

of the trim function with the second argument:

call symput('mvar1’, trim(datavar));
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(d) How does Call SYMPUT format numeric values?

The default format is BEST12. with the number being right justified.

You may need to use the left and put functions to get your desired
result:

call symput('mvar1’, left(put(datavar, 3.));

Symget Function

The purpose of the Symget function is to pass values from a symbol

table in the current referencing environment to the data step
variable in the program data vector:

Symbol Table
mvar1 Value1
mvar2 Value2
Program Data Vector
VarA VarB VarC VarD VarE
Value2

Note several important features about the Symget function:
. It is used exclusively in the data step.
e It works at data step execution time (not compile time).
e  Symget always retrieves a character variable.

e  The data step variable created by symget is a character
string with a default length of 200.

The syntax for the symget function is;
Variable=symget(argument);

Three types of arguments are accepted by symget:
. Name of a macro variable in single quotes.

e  Adata step character variable whose value is the name
of a macro variable.

e A data step character expression.

Use of the Symget function is quite versatile.

B Program Editor - m12_12
ommand ===3

00003 Xlet values=M;

00004 Xlet title="Mr

00005

00006 data work.demogius;

00007 set saved.demogius (where=(status=symget('uvalue’}));
00008 if gendar = symget('valua’) then title = symget('titla");
00003 run;

goolo

00011 proc print date=swork.demogius;

oooi2 var status gender title;
00013 run;

4 »

00007 The Symget function used in a
where option

00008 The Symget function used in a
conditional assignment

In contrast, consider the following attempt to use the Symget
function.

Warning: This program contains syntax errors!

I Program Edion m lithed]

Command = -
50001 1at valuas
00002 Xliet title:
D003

nuoo* data symget'value']:

sot saved.denogius (wheros(statusssyngot( ‘valus’

IT gender = symget(‘value’] then title = symget(’ tltl: 1

00009 proc print datassymget( ‘value’):
o001 var statue gender title;

00011 where status = symget( "value”);
00012 run;

00013

|

! o

00004 The Symget function is incorrectly used to
name the data set (which is done at compile
time).

00009, The Symget function incorrectly used outside

00011 the Data Step.

The Log window shows several problems.

EE!IylEIWllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllEIiia

20 xiet titiganr

HHJ—

e
ERROR E2-Ti Inwalid option name 'walue’.

sat [wnaresi Cwatuet 1)
IT gender = symgeti‘valun’] then titie = symgat( titia"] |
n

HOTC: The 563 Susten stigeed processing this stes becsues of errers,
WOTE: OATA sfatoment used
£.52 soconcs

238
B30 proc print catazayegetl‘value’):

ERROR P18 WORK,.SYMOCT onm ﬂo:l net exist.
CRROR nwalid option nana

z37 wr onnn ﬂundnf titie
238 whe gt ‘valua®

WARNING: Mo da Tl o ERL orocnesing.
230 run;

WOTC: The Sns
HaTe

Syaten sto ppod processing this step becsuse of errors.
PROCEOURE PRINT uaoa:
real time 0.33 seconcs

" A

How might the problem in the above syntax be solved?

ul ua:
00002 i’let tltiesHr.

0000" dats fusiue;

00005 sot saved.demogius (wheres(statusssumget('value’]]);

00006 iT gender = symget(‘value’) then title = symget( "titie') ;
00007 Fun;

00008
60068 proc print datastualue;

o001 var statue gender titie;
00011 where status = "Bvalue™;
00012 run;

00013

00014

d o

00004, 00009,
00011

Unlike the Symget function, invoking a
macro variable value using &value does
not depend on the Data Step nor on
execute time.

Dynamic Change to the Macro Variable Name

The most common use of the Symget function is to make dynamic
changes to the macro variable name.

B Program Editor - m12_15

Command ===

00001 %let muarl = first;

00002 Xlet mvar2 = second;

00003 Xlet mvar3 = third;

oooo04y

00005 data work.newds;:

00006 do i =1 to 3;

00007 datavar = symget( 'mvar’||put(i,1.)]);
00008 output:

00009 end;

00010 run:

o0oo011

00012 proc print data=work.newds;

00013 run: v
< »
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Line | Comment

00001- The three %let statement created sequentially

00003 named macro variables.

00006- The do.. .to; ...... end; syntax provides the

00009 numbered portion of the macro variable
names.

The distinction between the two syntax options of the Symget
function is in the use of quotes!

Placing the first argument in quotes indicates a literal; the string
inside the quotes is the macro variable name.

When the first argument is not in quotes, it indicates a data set
variable; the value of the data set variable supplies the name of the
macro variable.

Creation of Numeric Variables

Another point to note is that the Symget function creates a macro
that is a character string. What are the implications of this?

Consider the following syntax that appears to be quite similar. The
syntax uses the Input function to convert a character variable to a
numeric variable.

3 Frogram Edilon - [Untiled]

Command ===3 -
00001 sassas Gonersl Use of the Input Function ssssss

00002 data changes;

00003 input a s;

00004 z = Inputia.T.);

00005 datalines;

00006 TZ11684

00007 SB21

00003 run;

=
=
—=a
cwm
-

00011 proc contents dsta=changes; runm;
00012 prac print deataschanges: run;
13
L)
00015 #HEE%% Input Function with Symget Fessss
16
00017 Hiet scale = 20;
18
00019 data Justify;
zo comtl = input{kscale,z.):
(T eostZ = input(symget ‘ecale’ ),2.);

000EE coetd = input(20,2.):
a0023 costd = input("20".2.);

DOOEY Fum;

DO02E proc contents datas=justify; runs
0002T prac print datasjustify;: run;
28

00020- The derived variables cost1 to cost4 seem to

00023 follow the same syntax. They do not. Explore
the differences in the Input statements
below.

Why these differences in results?

Remember that the Input function uses a character value as the first
argument. Both Symget and ‘20’ provide the correct variable type,
and thus the correct justification (to the left). These two examples
work as predicted.

In contrast, &scale and 20 are numeric values. The Log window
states that numeric values have been converted to character.
However, the automatic conversion used the Best12. format. As a
result, the numbers were converted to strings as “ 20”. What
part of the string contributed to the values of cost1 and cost3?
Answer: the first two (blank) spaces. As a result, the values for
cost1 and cost3 are missing.

Remember the result from the Symget function is a character string
of default length 200. It will be left justified and therefore works as a
literal string.
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