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Review...

SAS is a compiled, not interpreted, language

SAS does fjust i n timeo compi
compiled program

http://en.wikipedia.org/wiki/Just-in-time compilation

http://www.gnu.org/software/dotgnu/libjit-
doc/libjit 1.html

Compilation occurs at step boundaries, then compiled code
object is executed. !

Most novice macro errors | see are timing errors due to a
lack of understanding of the compiled nature of a SAS
program.

1 See Steven First, Katie Ronk, SUGI 31, Paper 107-31, p. 1 for more details.
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Review (cont)...

Four phases in a SAS program compilation:

Macro compilation
Macro execution
SAS code compilation *

SAS code execution

1 Technically a PROC step is code parsing, not compilation.

Source: lan Whitlock, SUGI 30, Paper 252-30, p. 2.




So what is a macro?

A macro is analogous to pre-compiler directives in say
C/C++ (but much more powerful)

http://www.devarticles.com/c/a/Cplusplus/C-plus-plus-
Preprocessor-The-Code-in-the-Middle/

rBefore the compiler interprets your code, the preprocessor handles it.
Its task is to scan through your code and to look for preprocessor
Instructions; these can for example be used to replace certain
tokens with string or numerical values, or to blank out complete
sections of the code before the compiler sees it. You can recognize
these instructions from the pound (#) symbol that needs to precede
every preprocessor i nstruction.,

AVe'll first look at what the preprocessor is used for most: string
substitution and conditional compilation. 0

Sound familiar?
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So what Is a macro? (cont.)

S0, a macro...

Controls the code that gets passed to the
compiler

Conditional code generation and execution

Can use SAS data as metadata via the data
step and PROC SQL interfaces, almost
always for use in the next step boundary.

It is this last point that makes macro so
powerful...but also more complex due to
timing issues and intermixing of two distinct
languages.




How does SAS compile a program?

Input Stack

Word Scanner

Tokenization (process done by Word Scanner)

Macro Processor

SAS Compiler

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071826.htm
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How does SAS compile a program?

[DDATA Siep Compiler SCL Ceompiler Mz Provesseor Command Provessor

Yord Scanper

Impuk Skack

dakta zalesx {drop=lazbyrl:
infile inl:
inpuk ml-mlZ lazbyr: bokal=mlZ+laszkyr:
un:
tlek lizk=ml m7 mlZ bokal:
proc prink:
var Elizk:

Tun:
. . Baoich or
Dsplay Manager . S Compile - )
S bl Commancd SCL Submil Hlacok Command ann.i.:r.m;:hv:
Submission

TDhisplay Manager
Command [.inz

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071826.htm
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How does SAS compile a program?

word Soammer

Impukt Zkback

daka =alex sdrop=la=twrl:

1nfile 1ml:

inpuk ml -ml=2 laz=kwvwr:
Eokbal =sml Z+ 1la=kty1:!

I1l1ma:

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071821.htm
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How does SAS compile a program?

(- ompller -\ { tord &amer )
k - zalex

tdrap

 Lastyr .

\
f?lpul: Skack

{

infile 1nl:

input ml-ml2 laskyr:
tobal=ml2tlaztyr:
iy

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071821.htm
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How does SAS compile a program?

i Compl let \W ff "ord Scammer A
DaT3 S3LBY © DROP = LASTER 1 t O
[HFILE THL:
[HAUT ML - H13 CSTER
RN

. VRN J

[oput Jtack

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071821.htm
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How does SAS compile a program?

The Macro Processor and Symbol Table
(r Conpiler \I - Yord Scammer R

k j Jynbol Table

9YORY  Friday

( Macro Procesaor

Impuk Ztack

(Blek file=inl:

daka salex {drop=lazktyri:
input ml-ml3 lazkyr:
Eokal=mlZ+laztyr:

n:

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071824.htm
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How does SAS compile a program?

The Macro Processor Examines LET

( Conpiler -\ " “ord Scammer ™
k J Synbol Table
SYSTAY  Fridar
UL jj\“
(_ Macto Procesacr
Ioput 3Jtack
lek) f1le=inl:

daka zalex idrop=lazbyri:
infile &f1le:

irput ml-ml2 laskvr:
Eobal=ml 2+ lazbyr:

Im:

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071824.htm
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How does SAS compile a program?

The Macro Processor Writes to the Symbol Table

(

r/- Yord Scammer -\]

Conpiler

N

\I
J Synbol Table

SYSDAY  Priday
FILE

- /

N

( Macro Frocessor

I[opuk Jtack

daka =alex idrop=lazkyrl:
infile &file:
irpuk ml-mlZ lazbyr:
bokal=mlZtlaskyr:

n:

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071824.htm
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How does SAS compile a program?

The Word Scanner Resumes Tokenization

( Conpiler

\

g

word Jcamper -\"

nhbol Table

s ek E:'r

td rop SFUDAY  Friday

= FILE ml

laztyrl
N —

<_ [Macro Progesaor )
Imput Ztack

D

infile &file:
inpuk ml-mlZ lazktyr:
bokbal=mlZ+laztyr:

Im:

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071824.htm
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How does SAS compile a program?

The Macro Processor Examines &FILE

r’ Compiler \I i “word Soamer A
k]:l.:'.T.:'. SALEY f DROP = LAUTYR 1 ¢ J
ynbol Table
UFUDAY  Friday
. FILE inl
]infl].E
e

[facro Procesaor )

/fl'./u/pul: Jtack

inpuk ml-ml2 lazbyr:
bokal=mlZ+laskyr:
Tun!

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071824.htm
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How does SAS compile a program?

The Macro Processor Generates Text to the Input Stack

I/ Conpl ler W 4 Yord Scammer

LIL:'.T.:'. UaLEY { DROP = LAZTYR 1 : J

Symbol Table

4¥a0aY  Fridar
ILE inl

infile

input ml-mlZ laszkyr:
bobtal=mlZ+laxkyr:
Tun:

What if the token had been &&FILE&I? (&FILE1=inl, &I=1)

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071824.htm
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How does SAS compile a program?

The Word Scanner Completes Processing

. .
4 Conpller \' word Jcamper -ﬁ
DaTa #a[BY ¢ DROP = LAYTER 1 * ron
' C} Syrnbol Tab e
THPILE THL ° -
DHEUT M1 - M12 LASTYR: SFUDAY  Friday
TTL = H1Z + LAUTYR: FILE inl
\_ I
. /

( Macro Prooesacr _>

Input 3tack

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001071824.htm
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How does SAS compile a program?

Summary:

Macro processor interacts with the input stack, word
scanner, and symbol table.

It does not directly interact with the compiler
(indirectly through the input stack).

It therefore does affect the code seen by the compiler.
ALL macro processor interaction is TEXT.
In fact, | tend to think of it as without data type

You MUST understand how SAS compiles a
program, and the timing issues involved, to
successfully use macro.




Typical novice error

data two;
set one;
by keyvar;
retain num O;
if last.keyvar then do;

num+1;

call symputx("mvar”|[put(num,best.

call symputx("num",num);
end;
If &&mvar&num > 100 then stop;

run;

- L),var);




Macro Quoting

Macro quoting is NOT the same as data step quoting.

Data step quoting is a directive to the compiler that this
token is a character constant.

Macro quoting is the use of macro functions to hide
macro processor directives from the macro processor.

Non-printing control characters, called delta
characters, are used to accomplish this. !

Sure sign of a macro newbie:
%l F AN&VARO = fAsomet hingo

Need to consider two environments:
Macro compile time

Macro execution time

1 Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001061351.htm
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Macro Special Characters

fViacro quoting functions tell the macro processor
to interpret special characters and mnemonics as

t ext

rat her

t han

Special characters and mnemonics:

as par

blank ) = NE

( | LE
- + # LT
A -- AND GE
= * OR GT
, (comma) |/ NOT

< IN

> EQ

1 Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/tw3514-overvwat.htm
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Summary of Special Characters and Macro Quoting Functions

Macro Quoting
By Item Group ltems Functions

A + - *[<S=N~;, # all
blank AND OR NOT
EQ NE LE LT GE GT
IN

B &% %NRSTR,
%NRBQUOTE,
%SUPERQ,
%NRQUOTE

C unmatched' "() %BQUOTE,
%NRBQUOTE,
%SUPERQ, %STR*,
%NRSTRY,
%QUOTE?,
%NRQUOTE*

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001061345.htm
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By Funciion Affects Groups

%STR A, C*
%NRSTR A, B, C*
%BQUOTE A, C
%NRBQUOTE A B,C
%SUPERQ A B, C
%QUOTE A, C*
%NRQUOTE A, B, C*

macro compilation
macro compilation
macro execution
macro execution

macro execution (prevents
resolution)

macro execution. Requires
unmatched quotation marks
and parentheses to be
marked with a percent sign
(%).

macro execution. Requires
unmatched quotation marks
and parentheses to be
marked with a percent sign
(%).

*Unmatched quotation marks and parentheses must be marked with a percent sign (%)
when used with %STR, %NRSTR, %QUOTE, and %NRQUOTE.

Source: http://support.sas.com/onlinedoc/913/getDoc/en/mcrolref.hlp/a001061345.htm
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Macro Quoting Functions

Mnemonics that help me remember the quoting functions:

NnBoOo = A mactoexeaution time

Or simply, %STR and %NRSTR are macro
compilation time, all others are macro execution time

ANRO = nAno r esol-¥ek (1 te
Function Mnemonic Masks Timing
%STR Nothing (not B) A, C* Macro compilation
%QUOTE Nothing (not B) A, C* Macro execution
(therebs al ways an e
%BQUOTE AiB0O = Abatc|AC Macro execution
%NRSTR Nothing (not B) A, B, C* | Macro compilation
ANRO = fAno
%NRQUOTE Nothing (not B) A, B, C* Macro execution
ANRO = fino (another exception to the rule)
%NRBQUOTE AB0O = Abatc|ADBC Macro execution
ANRO = fAno
%SUPERQ N/A-t hi s onedANDB/C Macro execution (prevents resolution)
ASuper 0!




%
%
%
%
%

Sample Program w/o macro token

et mvar=A,

et str=%str(A);

et nrstr=%nrstr(A);

et quote=%quote(A);

et unquote=%unquote(&str);

%let example=
%nrbquote( 1 + 1 = 3 Today's Test and More );

* continued ... ;




Sample Program w/o macro token

proc sql;
select
name,
value,
value as hexvalue format=$hex8.
from
dictionary.macros
where
name in
( A MVARO,
OEXAMPLE

0
0

quit; /* See footnote */

Avoids I mplicit macro variabl e
above value which were subject to macro quoting have been
unguoted for printing.o

Source: http://www.listserv.uga.edu/cqi-bin/wa?A2=ind0605D&L =sas-1&D=0&P=59246

HUGE thread on macro quoting.

STRO, ONRSTRO, 0 QUOT E ¢
)

ujn
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Sample Program w/o macro token

proc sql;
select
name,
value
from
dictionary.macros
where
name = nNAO;

quit;

%symdel MVAR STR NRSTR QUOTE UNQUOTE;




Sample Program Results




