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Abstract 

The REPORT procedure in version 6 SAS®' is a 
powerful tool for customizing reports based on 
tabular data structures. Data columns may be 
formatted, labeled and grouped into clusters with a 
few procedural commands such as COLUMN and 
DEFINE and options such as PANEL. 

TIme series data that must be clustered into intervals 
is a data structure well suited for reporting with the 
REPORT procedure. However, when the number of 
intervals may vary, and the number of points within 
each interval may vary the REPORT procedure must 
be further generalized. 

This paper shows how the SAS® Macro facility can 
be used to conlrol the creation of REPORT 
procedure code so that one macro function can 
produce clustered time point reports with a flexible 
definition of time point intervals. 

l. PROC REPORT Overview 

The REPORT procedure combines features from the 
base SAS® PRINT, MEANS and TABULATE 
procedures to produce a report writer that provides 
powerful tools for column and rows management 
with summarization capabilities. This paper focuses 
on the first of these tools: column management. 

1.1 The COLUMN Statement 

The COLUMN stl\lement in PROC REPORT is the 
most direct way to define the arrangement of 
columns across a report page. The general form of 
the COLUMN statement is: 

COLUMN column·list; 

where each item in columll-list is the name of a data 
set variable, a computed variable or a statistic that 
can be computed by PROC REPORT. 

Colum!,!s may be sep<'ullted into groups and assigned 
a header by enclosing a text string and a sub-list in 
parentheses. The sllltcment: 

• SAS is the registered trademark of the SAS 
Institute. 
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COLUMN ('Projected' var_I varJ var_3) 
('Actual' var_4 var_5 var_6); 

will print two groups of three columns each on a 
page, with the header fine 'Projected' centered above 
the fust trio of columns and the beader line 'Actual' 
centered above the second trio of columns. 

Items may be stacked one above the other by 
separating the items by a comma. The statements: 

COLUMN animal weigbt, (mean sidell); 
DEFINE animal/ group; 

compute and print as separate columns the mean and 
standard error of multiple measurements of an 
animal's weight. 

1.2 The DEFINE Statement 

The DEFINE statement in PROC REPORT defines 
the characteristics of an item. These characteristics 
include how PROC REPORT uses the item in a 
report, how it formats the item and what column 
header it prints above the column's values. The 
general form of the DEFINE statement is: 

DEFINE item / <usage> 
<attribute-list> 
<option-list> 
<justification> 
<'column-header'>; 

Attributes that can be specified include the column's 
format, its width and the spacing between it and the 
prior (next left) column. 

The following statement defmes a variable that is to 
be printed (DISPLAY) with a date format of 
DDDMMYYYY (FORMAT) in a column that is 10 
cbaracter wide (WIDTH=10) and is separated from 
its left neighbor by four blank characters 
(SPACING=4): 

DEFINE STRTDA TE I DISPLAY 
FORMAT=DATE9. 
WIDTH=lO 
SPACING=4; 

There are a number of other PROC REPORT 
features that relate to column management. The 
PANEL option is the most directly relevant. 
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However, this paper will limit its discussion to the 
COLUMN and DEFINE statements. 

2. SAS® Macro Overview 

The macro language is a facility within base SAS® 
that allows the programmer to perfonn certain tasks 
outside the Mile SAS® interpreter. Three features of 
the macro language are crucial to this paper: 

- macro variable word list processing 
- %DO macro control statements 
- macro functions 

2.1 Macro Variable Word Lists 

Macro variables are by defmition character strings. 
Such strings may be composed of words. The macro 
language contains a pair of SAS® supplied basic 
functions (%SCAN and %QSCAN) to select words 
from a list. 

When coupled with %00 loop processing macro 
variable word lists can walk through a list and use 
each word in the list in a specified operation or 
statement within the loop. 

2.l % DO Macro Control Statements 

Macro statements or base SAS® statements that are 
to be perfonned conditionally or repetitively may be 
placed within a macro %00 block. 

%00 execution may be conditional: 

%IF (expression) %THEN %DO; 
.Base SAS® or macro statements; 

%END: 

%DO execution may also be repetitive: 

%00 i=1 %TO 10; 
.Base SAS® or macro statements; 

%END; 

%DO %WHlLE and % DO %UNTIL processing 
provide a mixture of conditional and repetitive 
processing. 

%00 macro statements must be located within a 
macro function. They can not occur in open code. 

2.3 Macro Functions 

Macro function allow the programmer to isolate 
macro and/or base SAS® code within a function that 
may be called from another macro function, or from 
open code in a base SAS® program. 

Macro functions allow values to be passed in as 
macro variable parameters. Parameters can not be 
used to pass result values back to the calling 
function. 

3. The Base PROC REPORT Program 

Let us start with a simple PROC REPORT program 
show in figure I which produces the report show in 
figure 2. 

Figure I. Base PROC REPORT Code 

proc report data='ork. weights headskip center 
nowindows colwidth=6; 

colUIDD animal 
('Week l' day_t day_3 day_6) 
('Week 2' day_8 day_tO day_l3); 

define animal J display 'Animal'; 
define day_t J display 'Day I'spacing=8; 
define day _31 display 'Day 3'; 
define day _61 display 'Day 6'; 
define day _81 display 'Day I' spacing=8; 
define day_tO 1 display 'Day 3'; 
define day _13 1 display 'Day 6'; 

rub; 

Figure 2. Body Weight (g) Report with a Fixed Number of Days and Weeks 

WeekI Week 2 
Animal Day I Day 3 Day 6 Day I Day 3 Day 6 

0001 238.2 239.4 240.5 242.1 243.7 246.0 
0002 231.9 233.0 234.3 235.8 237.2 238.8 
0003 235.6 235.2 236.1 235.8 236.3 236.5 

42 Advanced Tutorials Proceedings of MWSUG '94 



The code in figure I works well as long as results 
data are always collected for two weeks. If data 
values are collected for three weeks another PROC 
REPORT program must be written. or a macro 
function may be used. 

The rust step in generalizing a PROC REPORT 
macro function is to let the number of weeks vary. 
The code ~n Figure 3 is designed to process any data 
set with two or more weeks of results data. 

Figure 3. Macro Function with General N of Weeks 

%macro report I Undsn=work.weights, 
_n=2); 

%locaI week days; 

proc report data=&jndsn headskip center 
nowindows colwidlh=6; 

colwnnanimal 
%do week=! %10 &_n; 

%Iet days=day_%eval(1 + 7*%eval(&week-I»; 
%Iet days=&days day_%eval(3+ 7*%eval(&week-I»; 
%Iel dayS=&days day_%eval(6+ 7*%evaJ(&week-I»; 
("Week &week" &days) 

%end; 
, 

define animal I display 'Animal'; 
%do week=1 %10 &_n; 

derme day_%eval(I+7*%eval(&week-l» I 
display 'Day I' spacing=8; 

define day_%eval(3+7*%eval{&week-I»! 
display 'Day 3'; 

define day_%eval(6+ 7*%eval(&week-I»! 
display 'Day 6'; 

%end; 
run; 

%mend reportl; 

The data set name is now a parameter. so any data 
set may be sent into the function_ The number of 
weeks is also a parameter. The COLUMN statement 
contains a macro %DO loop that processes weeks 
one at a time. Within the loop three %LET 
statements build the list of days to be included 
within the week. The semicolon that follows the 
%END statement closes the COLUMN statement 

The second %00 loop builds and issues three 
DEFINE statements for each day within each week. 

Macro REPORT I works well if we always start 
collecting data on week one and collect data every 
week thereafter. If either of these assumptions is not 
true the function will not work. In order to fully 
generalize the processing of weeks we should use list 
processing. In this situation the list will contain two 
or more integer values which indicate the weekes) to 
be processed. 
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Because the number of weeks is variable we rust 
need a function to count the number of weeks in the 
list Figure 4 shows such a function. 

Figure 4. Macro Function to Count Words in a List 

%macro cntwordsLstring=1 3 S 7 9); 
%Iocal count word; 

%Iet count=l; 
%Iet word=%qscan( &_string,&count, %str( »; 
%do %while (&word ne); . 

%Iel count=%eval( &count+ I ); 
%Iet word=%qscan( &_string.&couul, %str( »; 

%end; 
%evaJ(&couut-l) 

%mend cotwords; 

The next to last line (%eval(&count-l)) is peculiar 
for SAS in that it does not end in a semicolon. The 
value generated is inserted into the calling function 
at the spot in which the call was made. We can thus 
use the CNTWORDS function as part of a %00 
statement 

%00 i=I %TO %cntwordsLstring=l 3579); 

Our PROC REPORT function can now be 
generalized to process a list of weeks, as show in 
figure 5_ 

Figure 5. Macro Function with Week List 

%macro report2Lindsn=work. weigbts, 
_wklist=l 3 S 7 9); 

%local i week days; 

proc report data=&_indsn beadskip center 
nowindows colwidtb=6; 

column animal 
%do i=1 %to %cntwordsLstring=&_wldist); 

%Iet week=%scan(&_wldist,&i); 
%Iet days=day_%eval(1+7*%evaJ(&week-l»; 
%Iet days=&days day_%evaJ(3+7*%evaJ(&week-)); 
%Iet days=&days day_%eval(6+7*%eval(&week-I»; 
("Week &week" &days) 

%end; 
, 

define animal! display 'Animal'; 
%do i=l %10 %cntwordsLstring=&_wldist); 

%let week=%scan(&_wldist,&i); 
derme day _%eval(l + 7*%eval(&week-l)) I 

display 'Day I'spacing=8; 
define day _ %eval(3+ 7*%eval( &week -I» I 

display 'Day 3'; 
define day_%evaJ(6+7*%eval(&week-l» I 

display 'Day 6'; 
%end; 

run; 

%meud rep0rt2; 
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The macro function REPORT2 is fully generalized 
for weeks, but its proces.,ing of days is still very 
rigid. Each week must have data collected on day 1. 
day 3 and day 6. We could establish another 
parameter to pass a list of days, but this still assumes 
that data is collected on the same day within eacb 
week. 

A more flexible approach is to pass only a list of 
days. and to let the function determine bow may 
weeks are present, and bow many days faII within 
eacb week. Figure 6 sbows a macro function 
designed to process a day list 

Figure 6. Macro Function with Day List 

%macro report3Ldaylislz 1 3 6 1 S 17 20); 
%Iooal i oldweek newweek day dayn collis!; 
%Iet oldweek=%eval(%scau(&_daylist,I)I7); 
%Iet collist=; 
%Iet daynz%cu\wordsLstringzSt_daylist); 

proc report datazwork. weights headskip center 
nowindows co)widtb=6; 

column animal 
%do i=) %10 &dayn; 

%Iel day=%scan( &_daylist,&i); 
%Iet newweekz%eval( &dayn); 
%if (&newweek>&oldweek) %lhen %do; 

("Week %eval(&oldweek+l)" &collist) 
%Iet collistzday_&day; 
%Iet oldweek=&uewweek; 

%end; 
%else %do; 

%Iet collistz&collist day_&day; 
%if(&iz&dayn) %then %00; 

("Week %eval(&oldweek+l)" &collisl) 
%end; 

%end; 
%end; 
, 

define animal' display 'Animal'; 
%Iet oldweek=%eval(%scan(&_daylist,l)n); 
%do i=1 %10 &dayn; 

%Iet day=%scan(&_dBylist,&i); 
%Iet newweek=%eval(&dayn); 
%Iet weekordz %eval(&day-%eval(7*&newweek»; 
%if (&newweek>&oldweek) or (&i=l) %lhen %do; 

%leloldweekzStnewweek; 
define day _&day , 

display "Day &weekord" spacing=8; 
%end; 
%e)se%do; 

define day _&day , display "Day &weekord"; 
%end; 

%end; 
ruD; 

%mend report3; 
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The processing in macro function REPORTI 
maintains the macro %00 loop to create.the 
COLUMN statement and the macro %00 loop to 
create the DEFINE statements. The processing 
within eacb loop is more complex. 

The function starts by determining the week of the 
fust day. and determining the number of days in the 
parameter list. The CNTWORDS function could be 
used wherever the macro variable DA YN is found. 
but given the number of times that DA YN is used it 
is more efficient to compute it once at the start of the 
function. 

Within the PROC REPORT code the first step is to 
determine the week by dividing the day by seven. 
Macro division with the %EV AL function is integer 
division, so the week value is only the integer 
(truncated, not rounded) portion of the result 

Once the week is known the processing to follow 
can be determined. In the COLUMN statement 
section if a week boundary bas been crossed the 
code fragment defining the header and the days to 
include is set, and a new day list is started. In the 
DEFINE statement section if a week boundary is 
being crossed the SPACING option is added to the 
define statement. 

If the week list 'I 3' is submitted to function 
REPORT2 and the day list '136151720' is 
submitted to function REPORTI the PROC 
REPORT code lines produced from the two are 
identicaL. 

The function REPORTI still contains two limiting 
assumptions about time: that data values are 
collected on a day basis and that days are grouped 
into weeks. If we wish to fully generalize the 
function we must pass as parameters two lists: one 
list with tbe time points. and a second list with the 
break point values for eacb grouping within the time 
points. We must also pass as parameters variable 
name and labeling information. Figure 7 sbows such 
a fully generalized macro function. 
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Figure 7. Fully Generalized Macro Function 

%macro report4<....pntlist=1 3 6 IS 17 20, 
-prefix=day, 
-pntlabl=Day. 
_brklisl=O S 10 IS 20, 
_intlabl=Period); 

%Iocal i j point pointn intvrln collist; 
%Iel pointn=%cotwordsLslring=&-pntlist); 
%Iel intvrln=%CDtwordsLslring=&_brklist); 

proc report data:work.weights 
headskip center nowindows colwidtb=6; 

column animal 

, 

%00 i=1 %10 %eval(&intvrln-I); 
%Iet collisl=; 
%do j=1 %10 &poinln; 

%Iet poinl=%scan( &-PDtlist,&j); 
%if (&point>%scan(&_brkIist,&i» and 

«&point<%scan(&_brklist, %eval( &i+ I))) or 
(&point=%scan( &_brklist, %eval( &i + I»))) 

%tben %let collist=&coUist &-PfeflX._&point; 
%end; 
%if (&collist"'" ) %then %do; 

("&_intlabl &i" &coUist) 
%end; 

%end; 

%leti=2; 
%do j= I %10 &pointn; 

%Iet poinl=%scan(&_potlist,&j); 
%if (&j=l) %tben %do; 
define &-PfefIX._&point I 

display" &-PDtlabl &point" spacing=8; 
%end; 
%else%do; 
%if (&point>%scan(&_brklist,&i» %tben %do: 

%Iet i=%eval(&i+I); 
define &_prefix._&point I 

display" &-flDtlabl &point" spacing=8; 
%end; 
%else%do; 

define &_prefix._&point I 
display "&-pntlabl &point"; 

%end; 
%end; 

%end; 

run; 

%mend report4; 

The macro function REPORT4 can group seconds 
into minutes, hours into days, days into weeks or any 
time point type into arbitrary groups. The groups do 
not have to be equal. for the span between break 
points can vary and the number of points in each 
group can vary. 

The COLUMN section starts with a loop (i) to 
generate one COLUMN statement fragment for each 
interval. Within each interval loop a second loop (j) 
checks each day to determine if it falls within the 
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interval. A time point falls within the interval if it is 
greater than the low break point and equal to or less 
than the high break point 

Note that after all days have been checked within an 
interval the setting of the COLUMN statement 
fragment to the base SAS® interpreter is conditional 
(%IF (&COLLIST"=». If no time points fall within 
the interval the interval is ommitted from the report. 

The DEFINE section contains only one loop (j) 
which produces one DEFINE statement for each 
time point The ftrSt time point in each interval has 
the SPACING option. 

The _PREFIX parameter contains the column name 
prefIX for time points (e.g. DAY for columns 
DAY_I,DAY_3, ... ,DAY_n). The interval header 
and time point column label text is also passed as 
parameters UNTLABL and _PNTLABL). The 
following call for REPORT4 will produce our base 
report 

Figure 8. Call for Base Report 

%report4<-PDtlist=1 368 10 13. 
-PfeflX=day, 
-flDtlabl=Day. 
_brklist=O 7 14. 
jntlabl=Week) 

The function REPORT4 does still have certain 
limitations. One is that time values must be integers. 
This liDiit is imposed by the %EV AL macro function 
which can perform only integer arithmetic. A 
second implicit assumption is that intervals are 
ordered by values running from I to n. A third 
parameter list of interval header values could be 
passed to remove this limitation. The fIXed use of 
ANIMAL as an identifier column could also be 
removed by creating a column name list parameter to 
pass this name, or any other set of column names. 

The function REPORT4 does represent a major 
improvement over the rigid PROC REPORT code of 
Figure 1. PROC REPORT is in its own right a 
powerful reporting tool. Wben coupled with SAS® 
macro its power can be applied without constant 
tinkering with, and rewriting of code. 
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