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Overview

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

The %lef statement creates the macro
variable mvar with value lest1.
The %put statement calls the macro

variable mvar using a single ampersand.
The resolved value is writlen 1o 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 &&dsnén resolve to?

w2

den=clinice;
ciiniceSatow did | get here;

dsnS=surprise;

2edsnn

Multiple ampersands are resolved using the following sirategy:
e  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

magcro varisble

A freestanding string remains unchanged.

o  Repeat the above steps until all ampersands have been

removed.

The above code Is processed as follows:

Line Comment
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
&5
Second pass: redeives &dsns

resolves to: surprise

63 1 op - theditted)
Command
%let dsn=clinics;
%let clinicsS=How did | get hare;
#let n=5;
¥tet dasnS=surprise;

B Zput &tdsnin:
lsurprise

Now, how will &8&dsn&n resolve?

i dilne ol

d ===>

%iat danzclinlea;
%lat ctinicsB=How did | gat here;
xlat n=E;

Xlet dsnSzsurprise;

Xput LEEdenbanj

00001- | %let statements create macro variables.
00004
00006 | Call on &&&dsné&n for staggered resolution:
First pass: receives  &&8&dsn&n
resolves to: 8& 9 &
&dsn =¥ clinics
&n>5
Second pass: receives  &clinicss
_ resolves to: How did | get
here

oy - pntitled)

%
Ylet ¢linicsSsHow did | get hars;
%let n=5;

%let denS=surprise;

Yput 2822dan2n;
ow did | get here

Examples of the form {(&&&mvar) are rare whereas the generation
of multiple macro variables using &&root8&suffix to give &roott, 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.

nd

Zlet titielzFirst Title for Saved.demograf;

%let titie2sSecond Title for Saved.demograf;

%let title3=Yet Another Title for Saved.demograf;

%let 1=1;

title "82tiIt1a81";

proc tabulete datazosved.demograf;
cloon stotus gonder;
var salary;
teble status, genderssalary;

Firet Title fer Seved.demograf
gender
F L]
salary salary
Sum Sum
status
1] 8000 .00 20000.00
® 131600.00 t16308.00
8 43000.00 17600.00
sep 18500.00 12000.00
30000.0¢

Symbol Tables

This module examines the concept of symbol tables in greater
depth. It has already been pointed out that macros live in symbol
1ables. It is critical to know which symbol table receives a macro.

Correct use of macro values requires the pragrammer 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
inte global and local symbol tables. However, sometimes the default
rules are not what the programmer needs. Afler examining default
placement rules, this module looks at how to assure that macro -
variables are writien 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 axecuting macro buiids a symbul table local fo it. This symbao!
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 bundie is the Sasmacr
catalog in the Work library.

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

Upon a macro cali, the macro processor retrieves the compiled
macro code from the Work library and executes if, 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. Se, during the macro
execution, there is access o ftwo symbol tables - the local one and
the global one. The local table is always searched before the giobal
one. We shall return to this subject in the next module.

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

s Vriting to the various symbol tables during the execution

of a macro
s  Reading from the symbol tables.
There are several factors to keep in mind when werking 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.
2.

In cpen code
Wihthin 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

A Program Lditer - m% 1

00003 Xmacro fiscal:
00 Zlat quarter=ti;
“put sandquartersns;
“mand fiscol;

]
“fiscal
[]

t wuugquartersas;
£l

00004 The %let statement defines 2 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
gxecuting,
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The log is displayed below.

znlcro fiscal:

“let quartlr 13

Lput wesquarteress;
%mend Tlsaal;

%fiscal
L1

: ut ssedquartaruns;
-HRMIR% Apperent |uubor}c referance QUARTER not resoived
--&qulrtoriil

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 fotlowing:

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

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

If a macro variable called quarteris 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 2 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
chacking the next higher symbeol table continues. If a macro
variable calied quarter is never found, a macre 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 guarfer is established in the
1able local to fiscal.

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

«  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 guarter to the
leg.

»  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 Exceution
Execution
Global Globai Symbol Table | Global Symbol
Symbol Table Table

Local Symbol Table

FISCAL

Quarter = 1

Example 2

Qlu-ﬁ«h}ﬁum—rnau
Command =3=>
00001 %iet month=January;
#mocro fiscal;
%let guarter=i;
Zput #saBquartersss;

“put wasfmonthx=s;
“mend fiscal:

9
; #flacal

00012 Yput wesaRguarteress;
00013 #put I--Enonthili

00001 The %ilet 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
&quarler and &month inside the macro

00005, 00006

Two %i:ut statements test the value of
S&quarter and &month after the macro

pundie nias finished executing, |

00012, 60013

8 Aput weNRquUEFtersns;
IARNING: Apparant swebolic reference GUART&R rot resolvad.
#elquartarans
29 Zput swsfmonthese;
wlanuarynns

Explanation

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

When %fiscal executes ancther scope is established, which is the
symbol table local 1o the macro fiscal. With the local symbol table in
place, the second %lef 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 processer will do the following:

»  Search the local tabie for the presence of &month.

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

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

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

After Execution

During

Execution
Global Gilobal Symbol
Symbol Table

Table
Menth =
January
Local
Symbol
Table
FISCAL
Quarler =
1

Before Exectition
Global Symboi Table

Month = January Month = January
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Example 3 Line Comment

00001 | The keyword parameter defines a macro

Fd Program | ditoe ¥, LR associated with the macro bundie.

3 d ==2) 00002 | The %put statement fests the value of &region

ommah &
00001 %lst month=ianuary; 5 ingide the macro bundle.

00003 Xmacro fiscal; i 00007 | The %put statements tests the value of &region
0004 Zlet month=1; after the macro bundie has finished exacuting

Zput wesZmonthwaw;

0005 Xmend fiscel:

oRMmBNG === .
117 Zmacro stets{region=);
118 Yput mux@reglonnes;
118 Zmend atatis;

120

121 ¥stata{reglion=CT)

ANCTHRS

122

123 “put Zregion;

ARNING: Appsrent symha!ic rafersnce REGION not resplved.

00001 The %let statement defines a macro in open reglon
code.
00004 The %let statement defines a macro with the .
name inside a macro bundle. Explanation
00005 The %put statement tests the value of &month : .
ingide the macro bundte. 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).
Before Execution During Execution After
Execution
Global Symbol Yable | Global Symbol
Table Symbol
fga‘.z{gut #andmonthuxs; ‘ Table
Local Symbol
Explanation Table STATS
Region = CT

The sequence of logic is the same here as for the previous
example: Example §

1 Progyam bditor m% 5

Macro variable month with value January is written to the global
table.

Upon macro execution, the processor checks the most local
environment for a macro variable called month. Failing to find it, it
checks the next higher table(s). Upon finding a macro variable
month in the global symbol table, the old value ( January ) is
overwritten with the new value of 7.

00003 “macro stats{reglon=);
0000y “put wwagragionwss;
00005 Zmend stets;

60806

00007 Xetats(reglon=AZ)
Q0go8

00009 Jput »walraglonwss;

Both %put statements report from the global table, the 'inner’ one
checking the local tabte first.

Line Comment

Before Execution During After Execution 00001 | The %iet 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 bundie.
Table 00004 | The %put statement tests the value of &region
Month = January Morth=1 | Month=1 ipside the macro bundle. ,
Local 00009 | The %put statement tests the value of &region
Symbol after the maero bundle has finished executing,
Table :
FISCAL rﬂ e iliniiled)
ommend ===
130 Xstats(reglon=AZ)

N nRZenn
131

132  Yput swndreglonsen;
[eanCTrun

&

00001 nacro stats{ragion=); Explanation
00002 Zput sesgroglionnss;

0003 ¥mand stats:
oty Although the %ot statement has already established the macro

pooos #stats(reglon=CT) ' variable region in the global environment, the value is not

00007 Xput &reglon; overwritten by the parameter. Macro variables created as

¥ 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 After
Execution Execution
Global Symbol Global Symbol Global
Table Table Symbol Table
Region =CT Region = CT Region =CT
Local Symbol
Table STATS
Region = AZ
Example 6

EX Frogram §diter -mi &

Command =am
00001 Xiet sysdsted=I15aprz003d;
04002

00003 Zmacro tasth:
0004 Alat sysdated=01]an2003;

00005

00006 Zput Zsyadeted:
jooooT
[00008 “mand tast6;

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

ax fatlal) ) R
nd ane) o
R: Attempt to assign s value to & read-only sumbolic varleble
(SYSDATEY ),

#let sysdated=iSapra0dd;

Ymacro testd;
¥let sysdates=01jan2003;

Xput Ssysdeted;
Zmend test6;
Xtesté '
FRROR: Attempt to masign a value io a read-only symbolie varieble
{SYSDATE? ).
IlgHﬁRiUlI!

Yout Lsysdated;

Explanation

&sysdated is set by the system and is read only. The %let
statement follows the standard write logic and the erroer message is
given.

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

Befere Execution During After
Execution Execution
Automatic Symbol Automatic
Table Symbol Table Symbol
Table
Sysdaied = 04MAR2003 | Sysdate9 = Sysdate9 =
04MAR2003 04MAR2003
Global Symbol Table Global Symbol | Global
Table Symboi
Table

0001 Zput Ssyslast;
000062
Ymacro testT(sysimst=);

Zput Baysiast;
“mend test?;

YtestT(sysiest=whataver)

Yput Ssyslast;

LR

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.
M bop |Linlilled)
Command ===

213 gEut Ssyslast;
ORK . DEMOGRAF
o 1y
fgg ¥macro test7{syslast=);

“put Ssyslast;
217 Ymend tesi7;
18

19 ZtestTisyslestswhatever)
IORK .whatavar

20
21
IORK

xnut Esyslast;
whataver

Explanation

&syslast is set by the system but is a read-write macro variable. The
paramaeter t¢ 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 Giobal Symbol
Symbo! Table | Table

Nested Macros

A nested macro refers to & 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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Commend )

00041 Xmecre boihids,by,cut);
00DGE

000¢3 “macre soriii{dset,byl,cut);
pree sori dastazdsved.fdaet outework.fout;
by sbyl;

Znand lcrtli.

8
s “sortit(8ds ,8by . dout)

Zmacro printit{dsat,by);
3 title "Hesder Informstion for Dats Set Work.fout™;
proc conients dataswork.Bout

run;
title "Dsta Set Work.Rout Sorted By Rby™;
proc print detaswork,.Rout;

poc1s  titia;
00020 Zmend printit;

0 1
0002% Zprintit(dds.8hy)

N
H %mend both;

T ,gender ,demegraf )
£k £

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

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

Py Y umldul i 7

'000I xnacro sortit(dsst byl ,out):
jo0002 proc sort date=ssusd.2dsei out=work.bout;
0 by 8byl;

run;
Ymend cortlt.

5
00001 “macro printit(dset. by};
00008 title "Header Information for Dats 501 Work .8out
proc contents datamwork.fout;
run;
title "Dats Set Work.Zout Sorted By 8by™;
proc print datazwork.Zout;
runj

4 title;

H Zmend printit;

Zmecro both{ds,by.out);
Yyortlt(dds .ol g Lout)

) ¥printit(Sds,.Sby)

00020 Z“mend both;

gaoz 1
00022 xboth(d d

,demograf)

i

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 ta both plus the global table.

When the middle macro, sort#, 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 t¢ printit, the symbol table local to
sorfit, 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 1o the program. Often the default rules permit efficient
coding possibilities.

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

A macro variable might go glabal 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 afler the macro finishes executing.

Restricting as many macro variables to the local tables as possible
hetps 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 ctherwise 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 defauit.

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:

=3
"“l mn =r- ubwet
danez ZiB¢ mtaruam;
[l data Retmetus
ONIH -f waved.dwmogluve (whwre={wtetus="Sstatue™));

ae0ns
i ﬂmm ﬂlb..h
*okT

SD08 Xmasrs printity
:NI titie ot nf Demogius whera Stetus = Retatus.

e1e

811 proc print detestststus (whars=(atetus="letatus™));
4#12 run)

89013 xmand printit)

9
BWU0IE XBUDBDT
:"t'.f Xprintit

By default, the %/ef statement assigns the macro
variable stafus to the most local table. The macro
variable is unavailable during the execution of
Geprintit.

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

0 re wars B2 obsarvatlons resd Trom the datasst SAUED.DEMOSIUS.
WHERE wtntuss’K®|
NOTE: Tha dats wot WORK.M haw 62 cbwervstione and 16 varisbiem,
i oATA atatement uaed:
resl tine .43 ssconde

N1#0: Ap:iurwni wynt | ie reler phtta STATUR not resoived.
III
!z "tlm gonerated by tha |nvaxed macro “PRINTIT”,

prae print datashkatatus
ee
"

[1311 fwhere=(wtstus="utetue™1): rum:

PMARNIHE ¢ fpparent avaboilc rafarsnce STATUS rot rowoivaed.

inmml Apparant aumballe rareranca STATUS nat ran:wu

ENROR ZE-32E: Expsuting b nawe.

TRRROR 15-222: Syntex srror, statewant will ba ignorsd.

#OTE: The sas ZYNTAN -ngpn pracesaing this atep bacauwe of srrers.

NOTE: PROCEOURE PRINT usBd

real tise 48 soconds
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How might this programming objective be realized?

1 ot
“B:ll ¥#global wtatus;

(04003 xmacro subent

; ‘b“ Aimt stetuecs)

09 dst» nhtu-s
savad.cemoaius (where:(ststue="dwtatus™)};

3014 dmacro EIMIH
nMH titlm ibent of Danzgius mhere Status c bkstatus..™:

=:n|z prue print datexletaius (whern= (st HHZ"ROTATUS")];
’hooi: INEna printity

i

unl l:prlmlt

Men Xput _glonai_s
VEE +111ms

Line Comment

00001 | The %globai statement directs the creation of a
macro variable (in this case status) in the global
table. The value of the variable is null.

The %iet statement inside %subse! follows the
default rules. The GST receives the value for
status, jusi as tha programmer had intended.

00004

Directing a Macro Variable to the Local Table

The programmer may also want a macro variabie to be written to
the local symbol table.

This step would assure that a value in the global symbol table would
not be overwritten.

Also, the global table would not become cluttered with macro
variabies used on a one-time basis.

Conmand saay
[co00t Xlot ?nnm?;
uooa Hput Ifsasgendarsse;
:gl mgrguzmm.""
"7": gander=H;
14 0 ADEnS oataswsveoc.desoglus acan)

L e wor salary;
xpur zu-:;m.r-uw o

012 Xmend gmulrm

[

::'1 NPyt HHRISQEUNCECENS
018 Xmacro genderF;

" ¥put Hsistgondarsss;

aen proc lllﬂ' datazesausd.denog lUS MBSR;
aeBE var esiary;

aeb2 m gnw A "Rgrnaar
a :lI #put Sesadgandarsss, b !

ChGGGAGbAEOBEDE.
- H
-

t Xput TERSRQWRINTEES |
ET Xgunderd
lg Xput HHESRgENdErERE )

639 XgondnrF
s;; Kput SHRERHANCGErERE

FE0R000D0a®
: ey

Line Comment
0000t | The %lef statement in cpen code creates the
macro variable gender in the GST with value F.
The %let statement replaces the GST value of
gender with M. This value is what the programmer
wanted for the %genderM macro bundle.
The &gender resolves to M, not Fas the

rammer had wanted.

00008

00020

19E Xlwt F

183 Hput innq:w'uﬂu;

A peerous

5 xmacro gundery

. Hlpui lnnmd.ﬂn‘

37 Xlet gondara

n proc nllnl ﬂnnnuu demugius mEen;
:: ver salary -

a1 Xput Besa orasa;” '

NE Mgt MERERQONCerIae;

a2

147 Xmaore ponder®y

] xpue BEsa:

ui proc mmane dn.-uvw denngiue ARR}
L1 usr e4lary:

B uhira gumll “"Sgender=;

13 Xput I"'aa-nﬂlmn

£un)
B4 Xmwnd gundarf;

1 k8 t TEEARgAncarsEE |
"nrm o
1

168 srd
TREErasa

= el

1.48 esporde

“:'mm.n.n AeRERQENIOrEAR )

HOTE: There wers lu n!-ru-“um resd from tho datssot SAUED.OENOGILE.

m‘ %“ﬂ “m ““‘; 0% esconds

! mi AP REROARARISEE ;

The default rules have worked against the goals of the pregram.

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,
include syntax as shown,

]
prac n-u- dl1l=uu-1 demoglue newn)

Xput !::l wld-ruo.l“" or™s

rum
XZnand genderi;
Hput HYEERGENIErEEE
Xmagrop gonderF|
xput snnm
proc meane a-u-um donoglus moen;
ary;

wr aal
whara =ln¢m— = “hgendsr™
Xpul BesRRgondarsn;

run;
H Xnand genderk;
£8 xput Tesupondarass ;

HARIGN-oMEIANELN o8

W xpenaerd
b 5: Yput Pressgendsrass;

131 XgenderF
:; Xput -BysRRgenderars
't

00006 | The %flocal statement creaies a macro variable
gendoer in the symbol table local to %genderi.
The value of gender is null.
00007 | The default placemant rules write the value o the
locat symbol table. The macro variable gender in
the GST remains F.
Overview

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

In addition, this module locks at the Symgst 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 literat
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

Jhatlat);

41 da Snull
o |T symput( "newmacro”
93 run;

1t 1Enkneunanrobis

S b v N

Both arguments are in quotes. Argument one
creates a macro variable newmacro with the vaiue

Example 4

BES)
:ﬂ ﬂnl ull_
383

- :ll! -wpu{("x" Wi

Kpul BORRNAE |

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

These are the four variations in the Call Symput routine.

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

Pl_|
' =z e nu
coil suymput F::unﬂ\ N
ApUT 1AEFARORTRISE;

Line Comment

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. )

d ===
ac freq datasssund.domopius ardersfreg;
table atatus # NOPrint AUTRNOFN.STItR
{uhoreaistatus na
(1] KpgpIatatUs BOUNT )|
i ron
g:: proc print Ghtaswori.Atats; run;

Hput EestmEad;
91§ Xput sRapdesa;
016 Xput ensheese;
017 HpUT HEERpRES,
418 Xput $RARWRA |

First argument unguoted 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. :

mool duh a iy
ﬂna * = "mvar”|

g-ll wm¥(x i
runy

Xpul mssknvarsss

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

Each lcop 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
Cal! Symput routine.

Example 1:

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

Fomat 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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[ Cammend uaa
4351 pres esne datssssved.dmnspius mean noprint)

o ry)
83| aurpui -u"n w { 13 [
rung

b4 dl“'l ]
b4 ot work. uml’y

it nesl "
:: g:ll -#guuti lue-l puel-nnzll dcliarie.eln
run

T3 ritim "nu-r..l Enlary iw havges

:g titiae ‘supsat o Populstion ul‘th uru"' than aversga Incons.’y
b4 date nl’hu:.u’ph.lfl

99 ot e denog lus Im(ulory ot Ko g

83 hens eaidry’ otarrng

rung

proc print astaawerk. |-ph.l1|
var nans eiaffno salsry

9BE Fornat maters Ga0 ariE

"IH runi

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 fo read in the data
set created by Proc Means. Call symput is
used to create macro variables meansal
and avgsal

Macro variable avgsal is used in Title
statement.

Macro variable meansal is used in where
clause 1o subset data.

00006-C0010

00012

00016

Eabd r satary Im JISE .19 -
sut of Pepulstion with grester then sversge intume.

Db NASSE FTRAFFND PALARY
ulla Pendisbury (4153
mien Clngervord, L4 )
o te
tle Jonnings ol
-ul: Bl s
et

HITLITLLE

Example 2:

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

=
¥ proc .urt d-fll..llw SOBREG | Us
tauori.dencg fus;

. wws n-n- aata=work.denoglius mesn noprint;

JRws
bvc":“"{ wors sgestate (KeonEs
outs
e Mhares onmur e "t

apansanan|
run;

dats _mul

wat nﬂs qguout..

onil eymput(pender, avtisaan)]),
uhAy

”
¥pur seEavess:
spug

e BAiRMiNA-CAeIBRIGN

The data set saved.demogius is sorted by
ender.

00001-00003

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.

00006-00012

00014-
00017

The data step reads in the data set
containing the mean age values. Caill
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.

00019- %put is used to write the value of the

00020 magcro variables to the Log

Hrop tUnbilied)
amaand ===}
1]

-1} T RRAKTHNE;
il!??gu ey

13
5838.781286

Xput HEERmEEE;
-

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 okl observations
info some archive or backup file.

date work. -Idmc

"1 MK

11' taday{ ) - deto > 90 then output work.dldvece;
W

ta _mall_

--I work ulurssu nubeznunobs

nlll eynput( "sppand’, IIﬂlmunn-n
top)

i

#nscro archivi

21T sappond "84 xthen Xdo
proc append Lasutspusd. LIpre— aldrece;
run;

100 ‘ 1uing |
18061 Jolem Fput B arshiving requires
939 nend ,.bl': a :

0
IE Xarchlve;
21

Comment
Create priginal data set.

Line
00001-00011

Create work.cldrecs with observations
more than 30 days old.

00013-00016

00018-
00022

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

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.
Ctherwise the Proc Append code is not

00024-
00030

generated and executed.

Example 4;

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

G606

SO0 00:

s2acoscssssssudas o

*p11t (Inputas, dyvar, prafix);
eaate 4 Sint Af ul-!lnn? vatuss af tha byvar|

L] fr d-uﬂll\w
m " s Ayvar in\ outangric.nunbye (kKsepahbyvar);
I

X# Croata a sorios of mecrs variables ulth count values;
cate Jwll_;
wat work.nunbys
oali eymput(® mr ||II"(|:I.1|(_|'\T E.)l,
laT
mlf % then call -ynpui( ‘numobe * pu'[_n.. 2.3

X® Uss tho Dats Step to nassa rew deta sote and subweet;
Xdo i=| %ia &nunobe;
sprativainvarsl
Hand;
0 ||npum-
:un ° ' T ¥to anu

woieo IT wyu.r-luunl TRASA DUTPUT BPPFET IXERNUACL ]}
Xlet slsnzolee;

Z|
]
=

* wtng wpiit;
B kspllt (ssusa.bpl, patient, us)
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Line Comment

00004-00006 | Use Proc Freq fo create a data set
containing ali unique values of variable
defined by &byvar.

00009-00014 | Create a series of macro variables called
mvari, mvar2, etc. The values of these
macros are given by the value of the
macre &byvar. The macro variable
Numohs that is created has a value equal
{0 the number of unique values of &byvar.

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 writlen o the
appropriate data set.

Example 5:

Let us assume that the programmer wanis a title statement to spelt
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 outhumber Males”.
How can the programmer tell SAS which title to select?

00001 Xmacra malas;
0 titio "Hales autnunbor Femalos';
titia2 “gm ta &T";

®iat ordsr = desoending;
¥mand males;

Xmanro Temales;
titla 'Feamalas outnusber Maiaas';
titia2 "kf to am™;
xigt order =;

Xmend Temales;

Xmacro slze;
%global orasr;
aptions nodate nonumber;
titie;

data _null_;
sot savod.demogius (keop = pender
whars -?gundar ne " "))
end=end;
ratain T » ;
If gendar = “F™ then fe};
eied n+l;

|f'|:nu tha:[cuaﬂ. (putl? ‘a

ca AYApLY ander, compr-essipu . i
"L' a?mguﬂgander, coupppau(:ut[n: !.B};
end;

Fommand ===3>
XIiT & gt &T XZthen ZMalew;
“alss Jfanalss;

proc sort datazssved.dsanglus
aut=work.damoglue;
hy Sarder gander;
run;

P

90037
00039
00039
00040
00041
00042
00043 Xnend size;
g0044

00045 Xwlza

proc print dataswork.demogius;
run;

Line

00001-00005

Comment

The %macro - %emend 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 fitle statement will show
the actual values (derived below).

00007-00011

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
slatement will show the actual vaiues
(derived below),

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.

00022-00025

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

00027-00029

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

00033-00035

The %if...%then condition invokes either
%rnalas or %fornales based on values of
the macro variables. At this point the title
statemnents are ready and the Global
Symbol Table holds a value of either
descending or <nulf> for the macro
variable order. )

00039

The order macro variable resolves from the
Global Symbol Table.

Frequently Asked Questions About Call Symput

(@} To which symbeol 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 symbot table in the current referencing environment

of the data step, providing that symbol table is not empty. Ifit is

empty, it will be placed in the next higher symbol table, providing it

is not emply 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 Sw. 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('mvart’, trim{datavar));
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{d) How does Call SYMPUT format numeric values?

Connand azcy
8081 K(et ualussN;
D409E Xiet titigsNr.;

The default format is BEST12. with the number being right justified. Bned arts eymget( uaive’ J; L
You may need to use the left and put functions to get your desired adsen m:r‘g...-.‘ gemslat (e ;'3:.*.:.":#7!'2‘.;.’:;2&?3!5..-; ‘

result:

e prrint aunwnll 'unu- n
wvor statue gunder
whora stitus 3 spegat(* llll\-’J

call symput{'mvar1’, left(put(datavar, 3.)), ":i runs

Symget Function I
00004 Th fon is i

e Symgei function is incorrectly used to

Th clion i
e purpose of the Symget function is {o pass values frem a symbol name the data set (which is done at compile

table in the current referencing environment to the data step

. variable in the program data vector: time). __ :
00009, The Symget function incorrectly used outside
Symbol Table 00011 the Daia Step.
mvari Value1 X
mvar2 Value2 The Log window shows saveral problems.

£EY DETR =i
Kot thttemkr
aats sympat(vaiuety;

Program Data Veclor
VarA VarB varC VarD VarE
Value2

3 =2
zawoR z2-7: Inualid opflon nane “valus”

Bg U [ wh-de{ wtatum: it
F_TF'.}.'E Syt S‘J... it gt I

Note several important features about the Symaget function: + D, 118 Bytian siogeed crovmseing this vion brewse of wrrrs.

Pron primt sataveympetl“vaiue’ 1y

= It is used exclusively in the data step.

: O rot mclat.
R 2617 e 18 wﬂ-n ne “valum®.
var I*Ilul itle

+ ltworks at data step execution time (not compile time).

ara ata M,I'
. nﬂ Eataisve quati hr WHERE zrocavsing.

Tha EAS Syatan Stappad pracassing this Atap BeOsuss oF Ervors.
| :mﬂgl"::ﬂ"ﬂ’ weear " g

s  Symget always retrieves a character variable.

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

The syntax for the symget function is; R é-.:m.,

. ) ]
Vanable=symget(afgument); 3 dn:a:“:::n senoglus (uheres(ststusssyngotl ‘ualus"))); !
i g A il e 1 i A T
Three types of arguments are accepied by symget: 38 oros print detestvatusr
+  Name of a macro variable in single quotes. i m;;:r:'::‘."..!'."ﬂz.:""'

1
13
1

= A data step character varigble whose value is the name
of a macro variable.

00004, 00008,
00011

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

» A data step character expression.

Use of the Symget function is quite versatile.

anna 2let veluesH; Dynamic Change to the Macro Variable Name

[ogo0% Xlet titles"Mr.™

32§$ dote wark. dﬁ"ﬂ""': borasiotat ) —— The most common use of the Symget function is to make dynamic
[ sel sau b L] SEYRGS N

ggog f gand:r -':;2;:::5:;75:'3'th-:'tf’¢'|! = s;:g::[ title'ls changes to the macro variable name.

. 09 ¥un;

jageta

uu:l proc print dataswerk domylu’.
00 var status gender tlitle;
00001 J'Iat mvaril = flrst;
00802 %let muar2 = second;
00003 Xlet mvar3 = third;

Line Comment
00007 The Symget function used in a dete work.newds:
whera oplicn datavar = ;yngcil'alur'l tput{l ,1.));
00008 The Symget function used in a output;
conditional assignment pansnds
In contrast, consider the following attempt to use the Symget 00012 proc print datazwork.newds;
function.

Warning: This program contains syntax errors!
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Line Comment

00001- The three %/ef statement created sequentially

00003 named macro variables.

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

00008 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 creales a macro
that is a character string. What are the implicaticns of this?

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

¥
[gaes1 sasasa panaral Use oY tha Input Funotimn sswee/
(G090 date ahengos;
£ input a 8

prac contants dataschanges: run;
Proo pript GETICREnges| Fun)

Z4083% Input Functlon with Synget SEaaa.
Xiat ecale = 79|

asts Ju"lr%;
cost] = nput[h‘cﬂl T
castd = input -yngl'f'nrll').!.];

eOStd B IRPUT[E8,2.)
oowtd = |::u1{'!a‘.l:h
un;

proc contente detamjustify; run
proc print cateajus¥ify; rung

The derived variables cost1 to cosi4 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
waork 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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