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The views expressed hereafter are mine and do not
necessarily reflect those of my company.

Due to the short timeframe, | won't explain the details
of all the statements, functions, options, or procedures
| will mention. Please refer to my paper, SAS Help or
other reference materials for details.
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|dentify column headers based on number & max
length of “blank tields” ( =2 spaces)

b | Fiole B?::k

Block i Field
| Hidth | 7
BHI=Body Hass Index, BSA=Body Surface Avea, IND=Investigational Mew Drug, IA=Interin Analysis, F=Fenale, H=Hale, 0 0 2
Hax=Haxinun, Hin=Hininun, PBO=Placebo, Q4H=Every 4 Hours, (Q8H=Every & Hours, SD=Standard Deviation, pctile=Percentile. FOOTHOTE 0 0 2
Hote: Only data assessed during blinded treatnent is presented in this table. FOOTHOTE 0 0 2
4 References: Listing 2.1.1, Listing 2.3.1 FOOTHOTE 0 0 2
: FOOTHOTE | EHPTY 0 0 2
A Progran: t_dn211, 2019-09-01 at 14:24 Page 2 of 10000 FOOTHOTE 1 69 2
FOOTHOTE | EHPTY 0 0 2
0 0 2
1 103 3
10000 IHVESTIGATIONAL HEH DRUG / Indicat ion 1 a0 3
10000 81§ sT0012 TITLE 0 0 3
10000 82 Table 2.1.1 TITLE 0 0 3
10000 83 Denographics and Baseline Characteristics by Period 2 Treatnent Group 0 0 3
10000 84 Analysis Set: Safety Set 0 0 3
10000 85 EHPTY 0 0 3
10000 a6 Period 2 Treatnent Group HERDER 0 0 3
10000 8 HEADER 0 0 3
10000 8 IND 2.5ng Q4H/  IND 4.S5nq = IND 2.5ng = IND 2.5nq HERDER COLHEADER 3 3
10000 8 IHD 2.5ng Q4H + Q4H/ Q4H/ Q4H/ HERDER COLHEADER 3 9 3
10000 9 IND 2.5ng Q4H/  IND 4.5ng = IHD 2.5ng = IND 4.5nq HERDER COLHEADER 3 9 3
10000 9 PBO/PBO IHD 4.5ng (Q8H Q4H Q4H (8H All Subjects HERDER COLHEADER 5 10 3
10000 984 Yariable Statistic H=40 H=40 H=49 H=20 H=20 H=169 HERDER COLHEADER 7 2 3
10000 9 HERDER EAPTY 1 0 3
10000 94 “Heignht Lkg) BULY 0 0 3
10000 a5 Hin - 33.3pctile n (%) 10 (25.00 16 (40.0) 16 (32.7) 6 (30.0) 6 (30.00 54 (32.00 BODY 12 11 3




Pattern matching with CALL PRXNEXT

2 or more spaces, not immediately following a
space, nor immediately followed by a space

pattern = '/[(BRINS)\s (2, }(ZINE/ "' ;

PRXPARSE compiles a regular expression (pattern)}

prx = PRXPARSE (pattern) ; \that can then be used for pattern matching.

start = 1; stop = lengthn(text); pos = 0; len = 0;
matchnum = 0;

maxlen = 0;

if (stop > 0) then do until(pos = 0);
CALL PRXNEXT (prx, start, stop, text, pos, len);
1f (len>0) then matchnum + 1;
1f (len>maxlen) then maxlen = len;

end; ~ ~
CALL PRXNEXT searches a string 'text' for a pattern match multiple times, between the

'start’' and the 'stop' positions. When a match is found, the position 'pos' and length 'len' of
the matched substring are updated; the 'start' for the next search is positioned after the
Kend of the match. When no match is found, the position 'pos' and length 'len' are set to O.

)

Copyright 2019 © - All rights reserved - Confidential 7




PROC FCMP: Define custom functions (1)

function PRXNMATCH (pattern $, text $) ;

prx=PRXPARSE (pattern) ;
start = 1; stop = lengthn(text); pos = 0; len = 0;
matchnum = 0;

if (stop > 0) then do until (pos = 0);
CALL PRXNEXT (prx, start, stop, text, pos, len);

1f (len>0) then matchnum+1l;

end;
RETURN (matchnum) ;

endsub;




PROC FCMP: Define custom functions (2)

function PRXMAXMATCHLEN (pattern $, text $) ;
prx=PRXPARSE (pattern) ;
start = 1; stop = lengthn(text); pos = 0; len = 0;

maxlen = 0;
if (stop > 0) then do until (pos = 0);
CALL PRXNEXT (prx, start, stop, text, pos, len);

1f (len>maxlen) then maxlen = len;
end;

RETURN (maxlen) ;

endsub;




Data Step calling FCMP tunctions

blankFieldsNum = PRXNMATCH ('/(2?2<!'\s)\s{2,}(?2'\s)/', cats(line));

maxBlFieldWidth = PRXMAXMATCHLEN ('/(?<'\s)\s{2,}(?2!'\s)/', cats(line));

The use of FCMP functions is advocated in SAS Online Help as a way to keep code blocks
independent, reusable and making a program easier to read, write, and modify.

~/

Most DATA step statements and functions can be used in PROC FCMP functions and
routines. PROC FCMP has however some (scarcely documented) limitations.

~—
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Example
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Plot the data

7’
200 ,
7’ - 1:00

Pages per second
\
Elapsed time
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Code on PhUSE wiki: o
https://www.phusewiki.or ==

P - 0:00
T T T T T T

g/W|k|/|ndex.php?t|t|e=SA 0 2000 4000 pages 6000 8000 10000
S _macro %25progress

Pages per second == === Elapsed time

Create dataset with Run on N pages
a dummy page Expand to 10,000 p Collect run times

or
.Expanding to 10,000 pages M
o
e Cresting « dummy page dataset o
Analyses ond cense: M
ol *- duplicate the page data 16,000 times by re-reading the page dataset repeatedly -*; °
e s 0 ey 1 e i, e ) e yapmewer e sl o .
s label p = 'page number' 1 = "line number”; o .
- B put nob o S
oo start = time(); o: 5.
e o ascien do p = 1 to 10000; *- loop over the desired number of pages -*; % 4
cosratics sn Sstine Carciritics b perid  Tresten G elapsed = time()-start; o: 3
T e if mod(p, 1000) = © then put p= elapsed= timel2.3; % 2
— do 1 =1 to nobs; *- loop over each line of the page -*; o 2!
el set page key = 1 nobs = nobs; *- the key option allows reading the matching observation using the dataset index -*; H 2:
. T o R if 1 = nobs then substr(line, 105) = put(catx(' ', 'Page’, p, 'of', 16000), $20.-r); *- replace "Page x of y" by the actual numbers -*; 1 1l
5 1 1
-~ output;
i W Am wee % e % L 6 e 6 o0 Lo d; 1 1
o R P 5 1:54 ile. 1.38 pps
o g stop; in 2:06: e 1131 pps
i () P T S S T T IS observations read from the data set WORK.PAGE10000.
Mo e PR v PAGES10000 has 370000 observations and 7 variable:
2 = & BN B .STATUS10000 has 10000 observations and 4 variable:
i, it P S i i, St
S .
o r—ots 121449600k
. 09/15/2019 02:17:07 AM
Step Count 110 Switch Count ©
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https://www.phusewiki.org/wiki/index.php%3Ftitle=SAS_macro_%2525progress

¥macro progress ( = n , check cond=1,
retain start time check time check count
1f start time = then doj;
_start time = time();
_check count = &counter;
end;
_elapsed time =
if (time ()

_check time =
_Ccheck speed =

time () - start time;

> check time + &every sec) and

every sec = 10,

(&check cond)

total=., ref=.);
_check speed remain time;

time ()
. X

- &every sec +1;

By default, the speed is recomputed and messages
are written at most every 10 seconds.

then do;

_check speed = round((&counter - check count)/(time() - check time), .1);
_check time = time(); check count = &counter; ;
end;
1f &total>0 and check speed>0
then remain time = (&total - &counter) / check speed;
_msg_ = catx(" ", "&counter:", &counter, "/", &total, "- Elapsed:",
put ( elapsed time, time8.), "- Remains:", put( remain time,
time8.), "- Speed:", check speed, "/s", "- Ref:", &ref);
getoption ("DMS") = "DMS" then do; _
. : Interactive
progresswin rows=1 columns=100 #1 @3 _msg ; Allows

ShESIIRERNY OrOogresswin noinput;
end; else if

then put msg ; [ SAS Batch, Studio, EG only allow log messages ]

smend progress;
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Real-time feed-back: Display Manager

Image Name | User Name | cPU ~ | Memory (Private Working Set) | Page Fauits | PF Delta | Description ] 4 h
sas.exe E618655 17 144,308K 6,935,410 88,108 SAS 9.4 for Windows In Interactive Dlspla
= sas —[olx] y
Fle Edit View Tools Run Solutions Window Help Manager, Data Step
| v M@ @By =2mo Bz X0 statements WINDOW
= ———— and DISPLAY (or macro
Log - tatitied) statements %WINDOW

memory 22065.78k q9 AY) all
0S Memory 35168.00k
Timestamp 10/14/2019 68:106:06 and %DISPL )a S

Step Count 6 Switch Count status messages to be

displayed in a specific

172 Zprocess(pages = 1000); .
; , | | window.
Y — <, = ~.— .
¥4 CT03 - Minimum Reproducible Example.sas DATA STEP running |f at the same time the
206 %$let pages=1000; . .
2078 ., . __ oo, Macro ¢progress is called special data step
208 LCT PagesTiOnbs variable _msg_ (or
at the end of the data step —_Msg_
209 set pagel0000 (where = ( p <= &pages )); Y macro_variab|e
=1 by p 1 ) . .
211 &sysmsg) is defined, its
B value is displayed in
213 3progress (counter = p, check cond = last.p, total = &pages ); p y
lee the status line.
3 ZA
i I —Both can be updated at
= = each iteration.
P Results | .1 explorer | B output - (Untitied) | Chog-tntted |[E cr03 - Minimum Repr...
INOTE: 316 Lines Submitted. Ln 213, Col 6 /4 -
Lee——— |
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4

stop pct speed = 10, stop statement = %bquote(stop;), stop counter = stop n

1f check speed > max speed then = check speed;
= 100 * check speed / ;
Retain the maximum speed observed .
Compute in % of the maximum speed observed.
if (&check cond) [ Save the counter value to the macro-variable specified by stop counter. ]

then call symputx("&stop counter", &counter.);
if .Z < <= &stop pct speed then do;
put "Not" "ice: Stopping at " msg ;[

sunquote ($superq(stop statement));

Execute the stop statement assoon as the current }
end;

speed drops below the &stop pct speed threshold.

18



Smacro stop and restart (pg = 10000);
$let compl pages=0; %let iter=0; %let start t=%sysfunc(time());
proc datasets delete
$do %until (&compl pages >= &pg);
$let iter = %eval(&iter + 1);
Start data step with first page not yet processed.
set pagel0000 (where=(&compl pages< p<=&pqg));
by p 1;

output;
$progress (counter=p, check cond=last.p, total=&pg, stop pct speed=30

stop counter=compl pages, ref=&iter);
’ - PL_Ppages, Stop when speed drops < 30% of max;

append processed pages; iterate and

proc append restart with first page not yet processed.

send;
eltm spd
$put Processed &pg pages in &iter iterations, &eltm sec, speed: &spd p/sec.;

smend; $ nd r rt; .
end; $stop and restart Report overall duration and speed.

19




Stop-and-restart loop: results

L

,/ - 2:00

, o
7/

// £
7’ 3
Ve 13
=
e a
e -

,/ - 1:00

JRe
R
- ,’
-
-
- - -
-
- -
- - - 0:00
4000 6000 8000 10000
Pag

40

Pages per second

- 0:07:00
¢
- 0:06:00
I- 0:05:00

- 0:04:00

Elapsed time

- 0:03:00

I 0:02:00

- 0:01:00

- 0:00:00

Originally:

10,000 pages
13802:06:56

Avg:1.3 p./sec

T
4000

Pages per second = = = Elapsed time

T T
6000 8000 10000
Pages

NIeVATH00:06:48

14 iterations
18.7 x faster
Avg: 25 p. / sec

Speed is high at start of each iteration,

then decreases

Avg speed over iterations does
not decrease over time




Optimized Optimized FCMP functions: results

Solution

|- 0:00:03
40 |- 0:07:00
‘ 6000 -
35 I- 0:06:00
I- 0:05:00 -00:
30 = 0:00:02
- < 5000 -
* = (= @
‘r g °’ 3 £
2 / @ I0:04:00 E 8 =
H @ = p =
8 4 g 25 z g o
e ' = @ » 2
’ i L 0:03: & @ =
2 ’ ] 0:03:00 = =] w
7 -3 = w o
g 4 w E o
I pd 20 4000 | - 0:00:01
7 - 0:02:00
/'/
”
”
- 15
_ PR I- 0:01:00
- -
- - -
‘‘‘‘‘ 3000 -
T E L 0:00: r L aenne
ooooo 101 ; . . . - 0:00:00 L i i i : o:00:00
Pages 0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Pages Pages

Originally Stop-and-Restart Optimized FCMP

+ 10,000 pages fo7o) 1):06:48 fumm
IN(802:06:56 * 14 iterations * Avg: 4854 p./sec

* Avg:1.3 p./sec * Avg: 25 p./sec » 198 x faster than Stop-and-Restart
18.7 x faster loop

Avg speed (per iteration) « 3700 x faster than originally
stable over time * Avg speed stable over time
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Monitoring the progress of SAS execution can be done

In Data Step, Macro (loop), and a few Procedures supporting FCMP functions.

Real-time feed-back can be provided, especially with the interactive Display
Manager.

Monitoring the execution speed in a data step within a Stop-and-Restart loop can lead
to a large gain in performance

when the original processing speed decreases over time
without identifying the root cause nor optimizing the code.

|dentifying the Root Cause and Optimizing the code are still worth doing
when the process has to be repeated time and again.

PROC FCMP functions, though powerful, are NOT as much optimized for ease of use as
the data step equivalent code

they have scarcely documented limitations
some improvements by the SAS Institute would be much appreciated.
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Live Feed-Back from SAS PROCs
through FCMP functions

* in PROC SQL SELECT

STATEMENT * Write to an External File or
. . 1
» in PROC REPORT Device
COMPUTE BLOCK = using FILENAME(), FOPEN(),
. FPUT(), FWRITE() and FCLOSE()
* Write to the LOG functions
= using PUT statement - " device type 'TEMP’ (temporary
caution: file)
_ limited functionalities — viewed in external window using
(compared to Data Step) * "tail " command (*Unix)
— undocumented: ‘%’ signs in . Povx./e"rshe.ll cmdlet “Get-Content
strings must be doubled o wan I(W'ndows) ,
(otherwise they get replaced by " device type 'TERMINAL

unp 155 s.pecéy %evice typZ’ as 3" argument to FILENAME function this opens a window titled "SAS
MESSAGE LOG" with the last 20
Business & Decision Life Sciences - Copyright 2019 © - All rights reser\ﬁﬁégnm%qe (700 800 preV|ous ||ne
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Live Feed-Back

~

from SAS macro loops

temporarily disabled to display

DB 0@

messages

vvvvv

MPRINT(T) ¥~ Redirecting log to a file to avoid log window fill
MPRINT(T) proc printto log="f_compk_ps3c_printto.log"” new;
MPRINT(T) run;

2 STATUSUPDT - #LN00401

——— STATUSUPDT started on 2019-18-21T108:16:86 ——
LAST WARNING:
LAST ERROR:

-— 2019-10-21T18:16:86 -—- Running program f_compk_ps3c

1319 $let d=%$sysfunc(puctn("&sysdated."d, eg8é60lda.)):
1320 %let t=%sysfunc(putn("&systime."t, todS5.)):
1321

1322

1323 * subject do loop */

$do 1 = 1 %to &nsubj

1324 $* message (¥sysfunc(datetime(), E8601DT.): Proce
1325 % _message (%sysfunc(putn ($SYSFUNC(TIME () ) -&stare,
1326 $PUT "DEBUG: SUBJECT &i of &nsubj: &&subj&i™:
1327

1328 $if &i=1 %chen %do; ¥~ JMB8 2018-03-04 - this d

Powershell cmdlet “Get-Content
-wait” shows messages written to a
TEMP external file, including last
Warning and Error messages from
&syserrortext and

@ f compk_ps? e2e  NA& I

%WINDOW

messages to DIVIS status line

and %DISPLAY write

Copyright 2019 © - All rights reserved - Confidential




Writing to device type ‘TERMINAL’

* A window separate EsaMesmmperog el

1000: 2019-10-20T18:11:38 643 [« |
from the main SAS DMS [ &sicamsises
< 1 1:38.8/ 7
- ot ey

; 1 18:11:39.
window i

994: 2019-10-20T18:11:39.314
* Can only append to it

* Pops up to the front
when written to

* Contents scroll up when
fU” 7| 37

e Also with ‘local’ SAS

A
=
Ele
%

| »
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Live Feed-Back Trom SAS macro

(loops)

* Write to an External File or * Write to the LOG
Device'’ = using %PUT statement
= using FILENAME(), FOPEN(), - Log redirection through PROC
can etemoorar
FPUT(): FWRITE() .and FCLOSE() disabled to display the meésvage
functions called via and then re-established
%sysfunc(FUNCTION() » Write to specific windows -
: qlevice type "‘TEMP’ (temporary only with SAS Display
file) | | Manager (mteractlve "SAS
— viewed in external window using base” environment)
* “tail -f" command (*Unix) = Usina %WINDOW and
. Povx./ershe.ll cmdlet “Get-Content %Dl PEAY statements

-wait” (Windows)
= device type TERMINAL'

— This opens a window titled “SAS
MESSAGE LOG" with the last 20

lines visible (700-800 previous ‘ (*) specify ‘device type’ as 3™ argument of FILENAME function ’
||nes VISIbL?nQ}I&SD(é:ggolrLIPfQScll:e)nacgs )Copyrlght 2019 © - All rights reserved - Confidential 30




Useful additional live feedback

* (Last) Error Message issued * (Last)

e Retrieved from automatic issued
macro-variable e Retrieved from automatic
&syserrortext macro-variable

* Notin interactive DM status line — a mult&gymwﬁﬁglmﬁtd

* Only print messages different from the previous one

In interactive sessions it's possible to reset those macro-variables to a blank
value before submitting a new program by printing an empty error or
warning message to the log (after temporarily re-directing it to a temporary

file - so the empty message does not show up in the ‘main’ log).
$put ER%bquote (ROR: ) ;

$put WARSbquote (NING: ) ;
Copyright 2019 © - All rights reserved - Confidential 31




F7 sas Help and Documentation =] E3
File Help

[Qsocserc RS
Root C a use Search I Results SAS System Documentation > SAS Products > Base SAS > SAS 9.4 Functions and CALL Routines: Reference, Fourth Edition > Dictionary of SAS Functions and
Bookmarks CALL Routines
Contents |1ndex Previous Page | NextPage |
PROBT Functio | Al
PROPCASE Fun . i
pRXCHANGE”Fl Compiling a Perl Regular Expression
- PRXMATCH Fu
« Compiling Perl Regular PRXPAREN Fun If peri-regular-expression is a constant or if it uses the /o option, the Perl regular expression is compiled only once.
Expressions (Reg EX) eats up Successive calls to PRXPARSE do not cause a recompile, but returns the regular-expression-ld for the regular
PRXPOSN F expression that was already compiled. This behavior simpliﬁes the code because you do not need to use an J
memory m || initialization block (IF _N_ =1) to initialize Perl regular expressions.
* When short of memaory, the EUT Function Note: If you have a Perl regular expression that is a constant, or if the regular expression uses the /o option, then
system starts swapping M calling PRXFREE to free the memory allocation results in the need to recompile the regular expression the next time it
block disk — PUTN Function _( || is called by PRXPARSE.The compile-once behavior occurs when you use PRXPARSE in a DATA step. For all other
memory blocks to disk — a P o —_— : :
. Al > uses, the perl-regular-expression is recompiled for each call to PRXPARSE.
much slower way of allocating ~|
memory
Data FCMP Optimized FCMP Function
St@ﬁndt ReIgEX FHeQEQ-ELQe@ as a . Ereviously used RegEx (character) and coriespondirlg compiled
complied only once . . 1 1 D 1
y variable (though its elgEx IDs (numer(ljc) are storclald in 2 STATIC* arrays (*7i.e. their
- Memorv is freed | . values are retained across calls)
tomaxcicall > the end value remains constant) .

At S{ep . At each call, the character RegEx passed as argument is compared
Note: in SAS Helo. th * Recompiled at each call to the stored values in the array; if found, the corresqundmg .
ex%tr’i- N2> e the _ compiled RegEx ID is used; othérwise, the new RegEx is compiled
BRXPRRSE D, does not * Memory is never freed and added to both STATIC arrays for reuse. When arrays are full,
include a call to up until end of SAS old RE%EX entries are discarded and memory is released with CALL
EEXFREE() in the Data session (CALL PRXFREE PRXFREE.

ep. . .
not called) * max number of RegEx stored in memory = arrays size (e.g. n = 10)
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