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Abstract

Effective combination of core tools in BASE SAS Software enables you to create effective and compelling
reports of data that “traffic-light,” or assign appearance attributes, to elements of the output as a function of
rules that are either “outside the data set” (e.g., an industry standard or corporate policy/designation) or
“inside the data set” (e.g., those data values that are above the average (mean) of all the values in a column
are to be displayed in one color, and those below the average are to be displayed in a different color).

Combining appropriate elements of the SAS Output Delivery System, PROC REPORT and, at times, the
SAS Format Facility and SAS Macro Language makes enables SAS users to easily generate reports and
applications that reduce the number of steps and amount of time needed to create reports implementing

both “internal” and “external” traffic-lighting “rules.” This paper is designed to explain how these powerful
BASE SAS Software elements can be combined together to quickly and accurately create the report you
want.

This presentation is appropriate for SAS users who want to learn how to implement “traffic-lighting” to their
reports and programs, and who already have a basic understanding of SAS data step programming and the
SAS Macro Language. The materials assume you are already familiar with core Output Delivery System
concepts such as “destination,” “style,” and “template.” Experience with PROC REPORT is helpful but not
required.

Initial Considerations

Perhaps one of the most common “how hard would it be” questions posed to SAS programmers and data
analysts is to modify the appearance of your SAS Procedure-generated output based on the some “rule.”
For example, you may be asked to assign colors to certain ranges of values in the report, or call attention to
some rows in the report based on some type of “decision rule.” In some cases the “decision rule” may be
“external” to the data, such as an “industry standard” or “policy” that “says” some data values are “good” and
others “bad.” In some of the examples | use in this paper, the “rules” are “acceptable” product rejection and
acceptance rates at a hypothetical manufacturing company.

In other situations we are asked to change the appearance of our output based on “rules” that are, for lack of
a better term, “in the data” themselves. We may have a reporting application that runs every time the
underlying data store changes, which means that values, such as a mean or quantile statistic, change as the
data we are reporting/analyzing changes. In this situation the value that “triggers” a change in the report
appearance changes each time we run it, and our goal should then be to implement a solution which avoids
manual intervention in the process. Instead, we will want to combine several different SAS tools in to an one
automated process that does all the work for us.

Unfortunately, it's been my experience that many SAS users do not fully appreciate the wide range of
effective and simple to implement tools available to implement efficient “traffic-lighting” processes. Instead,
they are still spending excessive amounts of time manually cutting and pasting SAS Procedure output from
the Output Window to some other file format and then manually, row by row, and cell by cell, doing the
“traffic-lighting” by hand. Many people, it seems, waste valuable time manually “adjusting” the appearance
of SAS-generated output during regular and ad hoc reporting projects because they aren’t yet aware of ways
to combine BASE SAS tools in to flexible and re-useable applications that require no, or at most, very little
“maintenance” as the underlying data store from which the report is generated changes.

That's why | wrote this paper. In my experience, combining the power of PROC REPORT with the SAS
Output Delivery processes, and by harnessing the flexibility of the SAS Format Facility, you can easily
generate reports that “tell the story” without excessive manual intervention in their generation.
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Core Concepts

Mastery of three core “tools” in the SAS System is necessary to start taking advantage of traffic-lighting: 1)
the SAS Output Delivery System; 2) PROC REPORT; and, 3) the SAS Format Facility. Adding just a little
SAS Macro Language ability makes it even easier to add the traffic-lighting elements you need to your report.
Once you understand how these “tools” work, and how they work together, you are well on your way to
becoming a “traffic-lighting master” and you can then apply some of the more advanced example | present
towards the end of this paper.

Output Delivery System

The SAS Output Delivery System, commonly referred to as “ODS,” became a production element of BASE
SAS with the initial release of Version 8 of the SAS System. Itis an “embedded” part of SAS that controls
how Procedure-generated output is “delivered” to one or more “destinations,” of which the default is the
“Listing Destination,” or the Output Window for those of you using SAS in a non-batch environment. Since
ODS is part of the BASE SAS “install,” it is already available to you; there’s no need to purchase additional
“modules” or “solutions products” to apply its power and flexibility to your projects.

Addition of ODS to BASE SAS has completely revolutionized the way SAS users work with their output
because it gives us complete control over what is being generated by our Procedure “steps,” where that
generated output is “delivered,” and what its appearance. Much has been written about ODS and presented
at SGF and other events for SAS users. In addition, the BASE SAS Community element of the SAS
Customer Support website, support.sas.com, contains a wide range of information about current and
anticipated future enhancements to ODS in future SAS System releases.

In a nutshell, the ODS “receives” one or more Data Components generated by a SAS Procedure Step. (The
number of generated Data Components depends on the PROC you are using, and the defaults, options and
statements you supply to that Step. PROC REPORT, which is featured in this paper, only generates one
data component, which simplifies our discussion of the interrelationship between it and the ODS, fortunately.)
ODS then binds a Table Template and a Style Template to the Data Component, forming what is called the
Output Object or Output Table. The Table Template structures the Data Components contents in to rows
and columns, while the Style Template contains the “rules” governing the output appearance, such as fonts,
colors, lines, shading, etc. In SAS 9.1 Software there are 43 “internal” ODS Style Templates, and PROC
TEMPLATE can be used to create both customized Style and Table Templates. If the Style Template name
is not specified in and ODS Statement defining the Destination, the Default Style Template is used when
creating the Output Object.

Once the Output Object is created, ODS “delivers” it to all “Destinations” that are open at that point in your
program. By default, only the LISTING Destination is open when you start your SAS session. Other
destinations can be opened (and closed) as necessary during your program, and multiple destinations can
be open simultaneously so that the same Output Object can be “delivered” to multiple output file formats at
the same time. For example, it is possible to run one PROC REPORT Step and have its output “delivered”
to your Output Window (LISTING Destination), a Portable Document File (PDF Destination) and a Rich Text
Format (RTF Destination) file in one, rather than three, “steps.”

PROC REPORT

This BASE SAS Procedure was added to SAS in Version 6, and, in my opinion, remains underutilized and
under-appreciated by the SAS user community. It combines the data summarization and analysis tools of
PROCs MEANS and SUMMARY with the reporting features of PROC TABULATE, an “older” PROC that is
still part of BASE SAS Software. PROC REPORT also provides a much ricer array of data display
capabilities than PROC PRINT, and eliminates the need for “old school” DATA _NULL_ programming for
customized report applications. Mastering PROC REPORT’s impressive array of capabilities makes it very
easy for SAS users to generate the reports they need with a minimum of SAS coding and in fewer “steps”
than you would need without it.

While there is some overlap in its capabilities with other BASE SAS reporting and analysis tools, only PROC
REPORT can “accept” SAS Programming Language statements in its syntax. It is therefore the only BASE
SAS procedure that crosses traditional “boundary” between Data and Procedure Steps, as COMPUTE
“block” syntax allows the user to specify what is often thought of as “data step code” within the PROC
REPORT “task.” This procedure therefore combines a powerful suite of SAS data summarization, analysis
and display tools WITH a unique array of data computation capabilities that are not “available” in other
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BASE SAS Module Procedures. It is therefore uniquely suited for applications and reports where “traffic-
lighting” it to be employed.

SAS Format Facility

SAS Formats control the display, or “external representation,” of the values of variables in a SAS data set.
Formats are independent of SAS data sets, and are stored in “Format Catalogs” in a SAS Library. There are
several hundred “internal” or “SAS-supplied” formats that are part of your standard SAS install. Users create
customized formats using PROC FORMAT, in the BASE SAS Module. Mastery of SAS Format Facility
capabilities enables SAS users to reduce tedious and error prone tasks such as “Data Step Recodes” or
manually replacing “codes” in a data set with text strings explaining what the code’s value represents. In the
context of “traffic lighting,” a SAS Value Format is an easy way to supply the traffic-lighting “rules” governing
what colors will be assigned to display the values of variables in output generated by PROC REPORT and
delivered via ODS to, for example, a PDF or HTML file.

SAS Macro Language

A core element of BASE SAS Software, the SAS Macro Language enables users to create re-usable,
flexible applications using the Macro Language. For our purposes, the two core concepts we need to know
about the Macro Language are: 1) Values of “Macro Variables” are stored in a special SAS file called the
Macro Symbol Table; and 2) SAS “resolves” references to Macro Symbol Table variables you write in Data
and Procedure Steps before carrying out the commands in the step. So, for the purposes of becoming
expert traffic-lighters, all we need to remember about the SAS Macro Language and Macro Symbol Table
variables is “text substitution.” We will supply values to Macro Symbol Table variables at one stage of our
project, and then refer to them in subsequent stages, thus eliminating unnecessary programming (or “re-
programming”) and/or manual intervention in a complex report generation process. There’s a lot more that
the Macro Language offers SAS users, but this is enough for us to start using it in our traffic-lighting projects.

Example 1: PROC PRINT and POLDO (Plain Old Listing Destination Output)
To get started, let's look at the PROC PRINT task shown below in Figure 1A.

17 options nodate nonumber nocenter;

18z proc print data=traffic.quality;

19 title "TraffTic-Lighting Your Reports the Easy Way";

20 title2 "with PROC REPORT and ODS";

21 title3 'Quality Control Report: PROC PRINT and LISTING Destination’;
jﬁi-run;

Figure 1A: PROC PRINT and POLDO

This task is very straightforward: after using some SAS System OPTIONS to control output display in the
Output Window, a PROC PRINT task is executed to display the data portion of a data set containing quality
control data from a company that manufactures digital video disks (DVDs). Each row in the data set is
displayed by PROC PRINT (or, more formally, “delivered to the Listing Destination”) in the Output Window,
as shown in Figure 1B below.

raffic-Lighting Your Reportz the Easy Hay

With PROC BREFDRT and ODS
Quality Control Report: PROC PRINT and LISTING Destination
assembly_ total _

Ob= line pieces rejected passed
1 25 10053 889 9164
2 26 9401 ars 8426
3 27 15146 1038 14108
4 28 7903 162 7741
5 23 17996 1623 16373
6 30 13489 2079 11410
7 31 9333 276 9057
] 32 7540 1723 R817
9 33 14769 1454 13315
10 34 12820 3017 9803
11 35 15184 3533 11651
12 36 4833 229 4604
13 ar 31091 L864 25227
14 38 16100 2533 13567
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Figure 1B: PROC PRINT and POLDO

This example shows several inherent limitations of both PROC PRINT and the default Listing Destination.
Management is probably going to want two things in this report that PROC PRINT cannot do for us: 1)
compute the percentage of pieces that either passed or failed inspection; and, 2) show column totals for total
pieces produced, total rejected and total passed at the bottom of the report, as well the overall acceptance
and rejection rates across all assembly lines. While the PROC PRINT's SUM Statement could give us the
column statements, this PROC cannot divide the values in one column by the values of another column in
an existing data, and display the resulting values. That limitation brings us to Example 2: PROC REPORT
and the COMPUTE “Block.”

Example 2: PROC REPORT and the COMPUTE “Block”

Here is our first example of why PROC REPORT offers an excellent reporting tool to users of BASE SAS
Software. In just a few lines of code, a nice report (at this point in our discussion, subject to the severe
limitations of the Listing Destination) is created using PROC REPORT syntax.

25-proc report data=traffic.quality nowindows headline headskip split='*"'

26 column assembly line total_pieces passed passed_pct rejected rejected_pct;
27 deTine assembly_line / group 'Assembly*Line' width=12;

28 define total_pieces / analysis 'Total*Produced' width = 12 format=commaioO.;
290 define passed / analysis 'Pieces*Accepted' fTormat=commaiO.;

30 deTine passed_pct/computed 'Accept*Rate’'format=percenti10.2 width=11;

31 deTine rejected/analysis 'Pieces*Rejected' Tormat=commaio.;

32 deTine rejected_pct/computed 'Reject*Rate' Tormat=percenti0.2 width=11;

33 compute passed_pct;

34 passed_pct = passed.sum / total_pieces.sum;

35 endcomp;

36 compute rejected_pct;

37 rejected_pct = rejected.sum / total_pieces.sum;
38 endcomp;

39 rbreak after/summarize skip; * < generate column-totals;
40 title3 'Quality Control Report: Rejects by Assembly Line';
41 titled 'Reject / Accept Rates Computed by PROC REPORT';
42 title5 'Listing Destination Output';
run;
Figure 2A: PROC REPORT and the COMPUTE “Block”

The statements in lines 33 to 38 in Figure 2A show examples of how COMPUTE “blocks” are used to assign
values to new columns in the report. (Note, however, that these columns only appear in the output
generated by the

PROC REPORT Traffic-Lighting Your HReports the Easy Hay
With PROC REPORT and ODS
taSk, and are not Ouality Control Report: RBejects by fissembly Line
added to the Reject / fAccept Rates Computed by PROC REPORT
existing data set Listing Destination Output
H fizzsenbly Total Pieces ficcept Pieces Reject
referenced .Iﬂ the Line Produced ficcepted Rate Rejected Rate
DATA= option on
line 25.) Also, the 25 10,053 9,164 91.16% gg9 8.84%
RBREAK AFTER 57 197146 14108 93.18% 1,098 685
Statement on Line 28 7,903 7,741 97.95% 162 2.05%
39 instructs PROC 29 17,996 16,373 99,98% 1,623 9,02%
30 13,489 11,410 84.59% 2,079 15.41%
REPORT to 31 9,333 9,057 97.04% 276 2.96%
compute and 32 7,540 5,817 77.15% 1,723 22 .85%
; 33 14,769 13,315 99, 16% 1,454 9.84%
display the column 34 12,820 9,802 76.47% 3,017 23.53%
35 15,184 11,651 76.73% 3,533 23.27%
sums of the all 36 4,833 4,604 95, 26% 229 4.74%
variables in the task 37 31,091 25,227 81.14% 5,864 18.86%
a8 16,100 13,567 84.27% 2,533 15.73%
gha]} ha(\jve be_err: w195’ 658 160,263 86.32% 25,295 13.68%
efined as either
ANALYSIS or COMPUTED. This one Figure 2B: PROC REPORT and the COMPUTE Block

line of code generates the “summary”
line at the bottom of the output displayed in Figure 2B.
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I've added some red arrows to the screen capture in Figure 2B to help identify what PROC REPORT has
been able to do for us. Notice that we now have columns in our output with the acceptance and rejection
rates computed and displayed for us by the COMPUTE Blocks in Figure 2A. At the bottom of the report, we
have the “summary line” showing the total items produced, total accepted and total rejected combined
across all rows in the data set. And, we have the overall rejection and overall acceptance rates computed
for us too. Of all the reporting PROCs in BASE SAS Software, only the REPORT procedure can do all of
this work for us in one compact step. And, once this code is written, it can be re-used anytime the
underlying data set changes. No revisions are necessary in the code if, for example, the number of
assembly lines is changed or if the number of items that produced, accepted or rejected perassembly line
changes.

PROC REPORT has several other tools, not discussed in this paper, which could “pretty up” the report even
further. For an in-depth treatment of PROC REPORT’s many capabilities, please see Carpenter’'s Complete
Guide to the Report Procedure (SAS Press, 2007), or use the Online Proceedings search facility at
sasglobalforum.org

But, we're just scratching the surface when it comes to PROC REPORT and traffic-lighting. Right now we
still have POLDO: that “Plain Old Listing Destination Output” that is not very exciting to look at and hard to
share with others. And, we still have not changed the appearance of the output based on the values
displayed in the report. Before you even think about cutting and pasting our POLDO in to, say, an Excel
worksheet and doing the traffic lighting manually before saving your work in Excel as a PDF, let's move on
to Example 3: The ODS PDF Destination.

Example 3: The ODS PDF Destination

This example introduces another core tool in the traffic-lighting project: delivery of SAS Procedure-generated
output to a “destination” other than the Output Window, or Listing Destination. The code shown in Figure 3A
is the same code used to generate the output in Example 2, but with an Output Delivery System “wrapper”
around it. I've put quite a few comments in this code (the text colored green) to help newer users of SAS
programming syntax what various statements are doing for us. First, the ODS LISTING CLOSE statement
on Line 45 instructs ODS to “close” the default Listing Destination. That means no Procedure-generated
output will be “delivered” to that “destination” for the duration of my SAS session or, as the case in Example
3, | “re-open” that

Destlnatlon USIng 45 ods listing close; << 00 NotT send OQUTPUT TO LilollnNue destination,
the ODS 46 * next line opens PDF destination, eliminates default TOC, assigns STYLE template;
LISTING 47 ods pdf fTile = 'C:\traffic_lighting\report1.pdf' style=sasdocprinter notoc;

statement on line 48=proc report uata=t|—'af1'ic.qua1.':nty nowindows headline healilskip spl.".;t='*‘;

70. at the end of 49 coll_;mn assemhly_l.'_me total_pieces passed.passeq_pct rejected rejected_pct;
b 50 define assembly_line / group 'Assembly*Line' width=12;

the Flgure 3A. 51 deTine total_pieces / analysis 'Total*Produced’ width = 12 Tormat=commaioO.;

52 define passed / analysis 'Pieces*Accepted’' fTormat=commaio.;

Let's now take a 53 define passed_pct/computed 'Accept*Rate’'format=percenti0.2 width=11;
look at Line 47. 54 define rejected/analysis 'Pieces*Rejected' fTormat=commaio.;

This is where | 55 define rejected_pct/computed 'Reject*Rate' format=percenti0.2 width=11;
“open the PDF 56 compute passed_pct;

Destination” and Ly passed_pct = passed.sum / total_pieces.sum;

give oDS 58 endcomp;

commands on 59 compute rejected_pct;

where to save the 60 rejected_pct = rejected.sum / total_pieces.sum;

PDF file it is & s

62 rbreak afTter/summarize skip; * < generate column-totals;
63 title3 'Quality Control Report: Rejects by Assembly Line';
64 title4 'Reject / Accept Rates Computed by PROC REPORT';

about to create
and which of the

43 SAS-supplied 65 title5 'PDF Destination Output with SASDOCPRINTER Style Template';
(as of SAS 9.1, 66 run;
there are around 67 * close PDF destination;

48 SAS-supplied 68 ods pdf close;

templates in 9.2) 69 * reopen LISTING destination:
Style Templates istd
it should use to control the appearance of the PROC
REPORT-generated output. In this example |
specified the SASDOCPRINTER Style, which is

Figure 3A: The ODS PDF Destination
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available in both SAS 8 and SAS 9 Software. In my opinion, it provides better-looking results than the
DEFAULT Style Template when “crisp” black-and-white output is desired. (In SAS 9.1, also check out the
JOURNAL Style Template and in 9.2 check out the JOURNALZ2 style template as potential ‘competitors’ to
SASDOCPRINTER when generating high-quality black-and-white output. In these examples
SASDOCPRINTER was used because it is available to ALL users using Version 8.0 or above.)

Figure 3B (below and to the right) shows the same output generated in Example 2, but now it has been
“styled” with the

SASDOCPRINTER template Traffic-Lighting Your Reports the Easy Way
and “delivered” to a PDF file. With PROC REPORT and ODS
In my opinion, this version of Quality Control Report: Rejects by Assembly Line
the report is very easy to Reject / Accept Rates Computed by PROC REPORT
look at, and is also easy to PDF Destination Output with SASDOCPRINTER Style Template
share with others in the
organization. All they need Assembly  Total Pieces Accept Pieces Reject
is the free Adobe Reader to Line Produced Accepted Rate Rejected Rate
view this output. 25 10,053 0,161 91.16% 880  8.84%
. 26 9.4 126 89.63% 975 10.37%

There are two more things to 26 9,101 8.126 B9.63 975 10.37
mention before moving on to 27 15.146 14,108 92.15% 1.038  6.85%
the next example. First, 28 7.903 7.741 97.95% 162 2.05%
you'll notice that the last 29 17.996 16,373 90.98% 1623 0.02%
.(S‘Jm.m?ry) line of.the report 30 13,489 11,110 84.59% 2,079 15.41%
is in italics. Thatis a . o v o oo . S
function of the specified style 31 9,333 9,057 97.04% 276 2.96%
template. Second, the 32 7.510 5,817 77.15% 1,723 22.85%
software “drivers” that 33 14,769 13,315 90.16% 1,454  9.84%
fg;)nv_ert SA;S_ O_UIpUt_;[ﬁ_ Pt[;F 34 12,820 0,803 76.47% 3017 23.53%
iles i ntaining within

€s 1S containing € 35 15,184 11.651 76.73% 3,533 23.2T%
Output Delivery System, so
there’s no need to purchase 36 1,833 1,601 95.26% 229 A4.74%
additional software to a7 31,001 25,227 81.14% 5,861 18.86%
convert SAS generated 38 16,100 13,567 84.27% 2,533 15.73%
Eﬁ;psm to Portable Document 185,658 160,263 86.32% 25395 13.68%

Figure 3B: The ODS PDF Destination

Example 4: Assigning Colors to Data Values in the Report

Now that we've seen how easy it is to “deliver” our PROC REPORT-generated analysis to a nice-looking
PDF file using ODS, the next step is to enhance the report’s appearance by assigning colors to the data
values in the acceptance and rejection rate values. Some SAS users labor under the misunderstanding that
the “only way” to accomplish this sort of requirement is to transfer (or “export”) the PROC REPORT output to
a file format that can be opened in a spreadsheet application and then manually assign colors to the data in
the cells of that file.

This approach offers many drawbacks: 1) it is manually intensive and tedious; 2) these tasks must be
carried out each time the report is generated; 3) manual errors in the assignment of appearance elements to
the cell are very possible, especially with a long and complex report.

Instead, we can combine the SAS tools we've seen so far with two more capabilities that, taken together,
offer a convenient, flexible and easily maintained “traffic-lighting” application. In this example, we will look at
how a user-created SAS Value Format and an ODS Style Statement are used to implement a “hands-free”
approach to traffic lighting.

Figure 4A shows a PROC FORMAT task that assigns colors to ranges of acceptance and rejection rates for
out DVD quality control data in two Value Formats: one “the rules” for acceptance rates and the other with
“the rules” for rejection rates. Notice that all | did here was assign a color such as “red” or “blue” to the value
ranges in the ACCCEPTF and REJECTF formats. These are examples of Predefined Color Values in the
SAS System, of which there are over 400, and which will be described in further detail later in this paper.
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Executing the PROC FORMAT task in Figure 4A creates these formats and stores them in a SAS Formats
Catalog. They are now available to use in ANY subsequent SAS task during the current SAS session.
1=t
142 * create fTormats for use in traffic-lighting output;
143=proc Tormat;

144 value rejectt

145 low -< .10 = 'green’
146 -10 -< .20 = 'blue’
147 -20 - high = 'red';
148 value acceptT

149 .90 - high = 'green’
150 -80 -< .90 = 'blue’

151 low -< .80 = 'red';

run;

Figure 4A: Value Formats with Traffic-Lighting “Rules”

We can now implement these “rules” in our PROC REPORT task by adding an ODS Style Statement in the
Define Statements for the acceptance and rejection rate columns. (To simplify the example, | only used the
one for rejection rates. Figure 4B shows how the DEFINE Statement for the rejected_pct column has been
augmented with the proper ODS Style Statement syntax to implement the desired traffic-lighting in the report.
This statement over-rides the default display commands in the SASDOCPRINTER Style template for that
column. The FOREGROUND = ACCEPTF. instructs ODS to apply the “coloring rules” in that Value Format
to the values displayed in that column and FONT_WEIGHT=BOLD instructs ODS to display the values in
bold face type.

As it turns out, that's
all we need to do to

8
S s T Tile @ FatP g SEgvting TR a®tiad ' atpieteasdieie Later Beted

implement our traffic- :' ;_".“'”"'“' n— = N —
. . . LT 4 e tatire M o ) teeitheee Sali e St iy WpRAEE ¢
Ilghtlng plan fOf thls “y (hiam ahteniiy Lise THtal pleded padied pataed Pt Feiedted Feoledted gt
report. We can now U0 GeTiee SRSeRRly LI | SreeR ASSRRLYTLING  WEEIAS1S
run the PROC e e ?ise AL piedes (R RET Fatas P i od Pprmpt s nmng "ime =
FORMAT and PROC "W w® e parred shBipiin Fisder*h spted LETE ™1 KT
REPORT Ste s an (L Pafine pattad T damhrted Addeptthats FpdnelEge R P eltnEn
. p y EL 3] a®iee fejedted avaipein Fiodes e fod Yol LESE ™1 g e
time we want to »¢ define rejected_pct/computed 'Reject*Rate’' Tormat=percent10.2 width=11
generate the report. If “ /* ODS STYLE statement assigns colors to values in this COLUMN */
the data store from “ style(column) = [Tont_weight=bold fToreground=rejectt.];
Wthh the report is M _comnute naccad neot:

‘e pabaad gt + pabbed b tatal pisied pun
generat,ed changes, b= e
we don’t have to do 8 cosusts rejested pat

anything to modlfythe (31 fefedtad gt ¢ sajedted bam Tatal pisder bum
report. As the L] FRPR.
acceptance and 78 rirest after/semmarite sip
. . 7 15tie Frafrid Lignting Tou Begaris The 4ty Bay oLth 09 and PR MEMET
reJeCtlon rateSChange Lis IR ELETS ity bl 9L g ¥ e jedta W Asaeniiy | ive
for each assembly P8 TIT160 ASSISNING Celers 1 T Belert Bates
line, the combination 7 ren
of PROC REPORT, TR st gt dlese
PROC FORMAT and Al halinm

ODS capabilities dynamically
assign the “right” color to the data in
the cells of the report. But, if the “rules change” for assigning colors to the rejection or acceptance rates, all
we have to do is make the appropriate, but minor, changes to the PROC FORMAT step and re-run it.

Figure 4B: PROC REPORT with ODS STYLE Statement

In my opinion, Example 4 shows how many SAS users can easily avoid unnecessary, tedious, time-
consuming and error-prone manual “traffic lighting” exercises and instead let SAS do all the work for you
with little or no manual intervention in the report generation process. The results are shown in Figure 4C.
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Traffic-Lighting Your Reports the Easy Way with ODS an OC REPORT
Quality Control Report: Rejects by Assembly Line
Assigning Colors to the Reject Rates
Assembly  Total Pieces Accept Pieces Reject
Line Produced Accepted Rate Rejected Rate
25 10,053 9.164 91.16% 889 8.84%
26 9,401 8,426 89.63% 975 10.37%
27 15,146 14,108 93.15% 1,038 6.85%
28 7,903 7.741 97.95% 162 2.05%
29 17,996 16,373 90.98% 1.623  9.02%
30 13,489 11,410 84.59% 2,079 15.41%
3 9,333 9.057 97.04% 276 2.96%
32 7.540 5817 T7.15% 1,723 22.85%
33 14,769 13,315 90.16% 1454  9.84%
KY! 12,820 9.803 T76.47% 3017 23.53%
a5 15,184 11,651 76.73% 3,533 2327T%
36 1,833 4.604 95.26% 229  A4.74%
a7 31,001 25,227 81.14% 5,864 18.86%
a8 16,100 13,567 B84.27% 2,533 15.73%
185,658 160,263 86.32% 25,395 13.68%

Figure 4C: PROC REPORT with ODS STYLE Statement

Example 5: Assigning Appearance Attributes to an Entire Row

This example discusses how to “trigger” desired appearance attributes for an entire row of your report based
on the value in one cell in that row. In this example we will also take our first look at several other very
useful SAS features we can use to implement more complex traffic-lighting projects. Again working with the
DVD quality control data, we will look at the use of: 1) PROC REPORT's CALL DEFINE Statement in a
COMPUTE “block” to conditionally implement ODS Style Statement commands, 2) additional ODS Style
Statement commands; 3) Use of the “%LET” command to store variable values in the Macro Symbol Table
(MST) and, 4) specification of an RGB (red/green/blue) or hexadecimal color value.

Before delving in to the o¢ © assign colors to the rows based on acceptance rates;
details of Figure 5A, let's first a¢ * assign macro variable constants;
. - . 20 %let colori = cx336633; * green;
review the objects Of_thls 24 %let color2 = cxffff66; * yellow-ish;
task. What we want is a e
report where the appearance 212 pas listing close;

of an entire row (resu|ts from 213 ods pdf Tile = 'c:\traffic_lighting\Traffic3.pdf' style=sasdocprinter notoc;
one line at the DVD factory) 2145 proc report data:tr_‘afnc.qual?ty nowindows headline hear_lslup spu_t:'*‘;

. . . 215  column assembly line total_pieces passed passed_pct rejected rejected_pct;
IS tnggered by proportlon of 216 define assembly_line / group 'Assembly*Line' width=12;

disks that passed inspection. 217 define total_pieces / analysis 'Total*Produced' format=commaiO. width = 11;
If the acceptance rate was 218 defTine passed / analysis 'Pieces*Accepted’ Tormat=commaio.;

219 define passed_pct/computed 'Accepted*Rate’'format=percenti0.2 width=11;
220 define rejected/analysis 'Pieces*Rejected’ Tormat=commaio.;

90% or higher then the row

iS have a baCkngUﬂd C0|O|' 221 deTine reiected pct/computed 'Reiected*Rate’' Tormat=percenti0.2 width=11;
of green and the text in that 222 Compute passed_pct;
row to have a white color 223 passed_pct = passed.sum / total_pieces.sum;

’ 224 it .9 <= passed_pct <= 1 then do;
ROW_S where the acceptance 225 /* use RGB color values stored as macro variable constants */;
rate is greater than or equal 226 call define(_row_,"style',"style=[fToreground=white Tont_weight=bold
to 80%, but less than 90%, 227 background=&colori]");

are to appear with a “yellow- 228 end;
pp Y 229 else if .8 <= passed_pct < .9 then do;

!Sh background and the text 230 call define(_row_,"style","style=[Toreground=red font_weight=bold
in red. 231 background=&color2]");

232 cnd;
Figure 5A: Assigning Appearance Attributes to an Entire Row
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Figure 5A shows the combination of SAS Macro Language commands, ODS Statements and PROC
REPORT Syntax necessary to generate the desired output. First, a pair of %LET statements are issued to
store the precise RGB color values we want for the rows in our report as values of variables in the MST
(Macro Symbol Table). (Please see subsequent examples in this paper for more information about RGB
color values and their implementation in the SAS System.) While this is not strictly required, it provides a
good introductory example, for our purposes, of supplying values to variables in the MST and then using
them in subsequent steps in our project.

The “action” occurs in lines 222 to 232 on the screen capture comprising Figure 6A. This COMPUTE “block”

first calculates the
proportion of disks passing
inspection (i.e., the
acceptance rate). Then,
that computed value is
tested and if it is

between .9 and 1.0 (90%
to 100%), a CALL DEFINE
command is executed to
assign the desired
appearance attributes for
that row in the report.
Notice that the

Traffic-Lighting Your Reports the Easy Way with ODS and PROC REPORT
Quality Control Report: Rejects by Assembly Line
Assigning Background Colors to the Reject Rates

Assembly  Total Pieces Accepted Pieces Rejected
Line Produced Accepted Rate Rejected  Rate
25 10,053 0,164 91.16% 889 8.84%
26 401 8,426 89.63% 975 10.37%

EC A AT I
) | N

background color (see line 13,489 11,410  84.59% 2,079  15.41%
227 of the screen capture) _m 97.04%| 276 2.96%
is assigned by referring to 7,510 5817  77.15% 1,723 22.85%
the stored value of the 14,769 00.16% 0.84%
variable COLOR1 in the mﬂ%*% 23 520
MST. And, if the

acceptance rate is greater 15,184 11,651 76.73% 3,533 23.27%
than or equal to .8, but EWME
less than .9, a second 31,091 25,227  81.14% 5,864  18.86%
CALL DEFINE command 38 16,100 13,567 84.27% 2,533  15.73%

is executed to implement
the desired appearance
attributes for those rows.
Any row where the
acceptance rate is less than .8 is “styled” using the default appearance attributes in the SASDOCPRINTER
Style Template. The results are displayed in Figure 5B.

Figure 5B: Assigning Appearance Attributes to an Entire Row

Example 6: Traffic-Lighting with Graphics Images

This example shows how to conditionally assign the appearance of graphics images in your report as a
potential alternative to using some of the coloring approaches demonstrated above. Using a graphics image,
such as an arrow, to “point” to rows in your report is, in my opinion, a very effective method by which to draw
the reader’s attention to “important” parts of the output. This example combines use of the previously-shown
%LET Statement to

assign a value to an  —e————"—
MST variable and Dot ) (T | Do i | [T
CALL DEFINE | et hing = e [mtnmn

Statement, as well
as the PREIMAGE
ODS Style
Statement. We will
also see a few

=t b @

Frmrey-fce Getirg Un Dok i the ety foce hacory-face:2 ef_rrerm

additional

enhancements to s = e ~ — — e ——
the PROC 2

REPORT DEFINE @

statement. & ek o

The goal of this reporting effort is
to insert a left-pointing red arrow
in the rightmost column of the report to draw the reader’s attention to assembly lines with a rejection rate of

Figure 6A: Traffic-Lighting with Graphics Images
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10% or more. We can easily accomplish this goal by, as with the previous examples, combining several
BASE SAS tools that, once completed, give us a “hands-off,” reusable reporting application.

Figure 6A shows
a capture of a
Windows
Explorer screen
showing the
contents of a
folder on my
computer’s hard

 Traffie_Lihiss

e Et Vew  Fwotes  Toos  Heb

T .
Pieck s L3 (T ) earh Folders | [T7]s

e [ CiTratt Lighting

Fie and Fokder Tasks &

£ Hake 8 rew folder

drive with some @ st 9
graphlcs Images I ks Tegual Lol L oy Teafh Trihi waffc_igharg nen  trafic_ifiing_progran
like to use for my other aces s s :

reports. Notice in g =
the upper right S S
hand corner of

Figure 6A is a graphics

image with the left-pointing
arrow | want to introduce to my report. What we need to do is instruct PROC REPORT to “grab” and “insert
that arrow in to my report for those assembly lines (i.e., rows in my report, where the rejection rate is 10% of

Figure 6A: Traffic-Lighting with Graphics Images

”

higher.
The code needed to 12 slet graphics_Tile = C:\trafTTic_lighting; t
generate this report  ~saa~pas 1ieting cl65e"
is shown in Figure 244 ods pdf Tile = 'c:\traffic_lighting\Traffic4.pdf' style=sasdocprinter notoc;
6B. First, a %LET 245-proc report data=traffic.quality nowindows headline headskip split='*';
Statement is used Z:s column asse:bly;lin? t:t:l_pi.ec:sdpas:ed
assed_pct rejected rejected_pct arrow;
to S,tore aMsT X 248 definepassemﬂy_lini ! groupJ 'Asseazly*Line' !width=12;
variable value with 249 define total_pieces / analysis ‘'Total*Produced' fTormat=commai0. width = 11;
the “path" to the 250 define passed / analysis 'Pieces*Accepted’' Tormat=commaiO.;
folder storing my 251  deTine passed_pct/computed 'Accepted*Rate’format=percenti0.2 width=11;
graphics images_ 252 deTine rejected/analysis 'Pieces*Rejected’ Tormat=commaiO.;
Again, this is not 253 def%ne rejected_pct/computed 'Rejected*Rate’ Tormat=percenti10.2 width=11;
. 254 define arrow/computed ' ' center; * create a 'blank' column-header;
reqwred, but can 255 compute passed_pct;
save you lots of 256 passed_pct = passed.sum / total_pieces.sum; endcomp;
time, especially if 257 compute rejected_pct;
you are Writing a 258 reiected pct = reijected.sum / total pieces.sum: endcomp:
complex reporting 39 com;?u‘te a..rrow,fcllar;
application with 50 if re]ec'l_:ect_pct => .10 then do; .
“calls” to that 31 call define(_col_,"style", 'style=[preimage =

many “ca 52 "&graphics_Tile\left_arrow.jpg" vjust=center just=center]');
Loaltezré ggxot'cwe 53 end; endcomp;

LU ULTLTO DISPLay LETU AT TUW WIS NEJeet nate IS TUs Ul y 5
REPORT step that 265 run;
includes a 266 ods pdf close;
COMPUTED A8l ods Jistind;

column called “Arrow.” This will
be the right-most in the report

and will conditionally display the
red arrow image stored in the specified folder on my hard drive.

Figure 6B: Traffic-Lighting with Graphics Images

The COMPUTE “block” contains the instructions PROC REPORT will follow to conditionally insert the red
arrow image for those rows in the report with a computed rejection rate of 10% or higher. Note that the
/CHAR option is used to assign the computed “Arrow” column as character, rather than the default numeric.
If that option is not specified PROC REPORT will assume numeric values will be assigned in the column,
and the default SAS missing value designator (the period, or “dot”) will be displayed in the that column, in
addition to the specified graphics. Let me offer you one other caution when implementing this type of traffic-
lighting project: you must first re-size the graphics image to fit your report, SAS does not “right-size” it for
you. You may therefore need to use a graphics software product such as Adobe Photoshop to first reduce
the size of the image you want to use before you can introduce it in to your SAS-generated output.

10
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The results are shown in Traffic-Lighting Your Reports the Easy Way with ODS and PROC REPORT
Fl_gure 6_C' Assembly lines Quality Control Report: Rejects by Assembly Line
with a rejection rates of 1(_)% or Display Left Arrow When Reject Rate is 10% or Higher
more are now “flagged” with a
red arrow pointing towards it. Assembly  Total Pieces Accepted Pieces Rejected
As with the other examples Line Produced Accepted Rate Rejected Rate
shown so far in this paper, itis 25 10,0532 9,164 01.16% 889 8.84%
very easy to re-run this report 26 9,101 8426  80.63% 075  10.37% 48
any time new data becor?e 27 15146 14,108  93.15% 1038 6.85%
za;]vallabllffand ha"ve 3”'\5 do 28 7,003 7741 97.95% 162 2.05%
the work for you “to etermine 29 17,996 16373 90.98% 1.623 9.02%
which rows now “deserve the
arrow” and which do not. 30 13,489 11,410 84.50% 2,070 15.41% 4@
31 9,333 9,057  97.01% 276 2.96%
Adding a simple graphics 32 7.540 5817  77.15% 1.723  22.85% 4@
element such as the red arrow a3 14760 13315 00.16% 1451 0.81%
make it very easy to call the )
, . - 34 12,820 0803  76.47% 3,017 23.53% 48
reader’s attention to certain
rows of the report based on a 35 15,184 11,651 T76.73% 3,533 23.27% 4@
“decision rule” that you specify. 36 1,833 1,601 05.26% 229 1.74%
a7 31,001 25,227  81.14% 5,864  18.86% 4@
38 16,100 13,567  84.27T% 2,533 15.73% 4@

Figure 6C: Traffic-Lighting with Graphics Images

Example 7: Adding a Graphics Image at the Top of the Report

This is not truly a “traffic-lighting” issue, but a question that arises frequently when discussing ODS and SAS
Software reporting capabilities. How can | put my company logo, government agency seal, photograph of a
product, or some other image at the top of my PROC REPORT-generated output that | am going to “deliver”

as a PDF or HTML file to my clients? Placing the PREIMAGE ODS Style Statement in the PROC REPORT
Statement easily allows you to place a graphics image at the top of your report.

Figure t 00S paT Tile = 'CI4IraTrTic LigntTing; 1C{ . @OT STYLE=SASOQOCPrinter notoc;

7A B=proc report data=traffic.quality nowindows headline headskip split='*"

shows 9 style(report)=[preimage="&graphics_fTile\dvd_duplicator.jpg" vjust=center];
how | i i

added a JPG image of a DVD duplicating machine at the top of the output generated and discussed in
Example 6. The VJUST=CENTER option does just that: It centers the image in the middle of the report.
The results are shown in Figure 7B. That's all you need to do to add an additional aspect of visual appeal
and/or customization to your report. The results are shown in Figure 7B below.

Traffic-Lighting Your Reports the Easy Way
With PROC REPORT and ODS
Adding a Graphics Image at the Top of the Report

Assembly  Total Pieces Accepted Pieces Rejected
Line Produced Accepted  Rate Rejected  Rate
25 10,053 9,164 91.16% 889 8.84%
26 9,401 8,426 89.63% 975 10.37% 4@
27 15,146 14,108 93.15% 1.038 6.85%
28 7.003 7.741 97.95% 162 2.05%
29 17.096 16,373 90.98% 1.623 9.02%
a0 13.489 11,410 84.59% 2,079 15.41% 4=
31 9,333 9,057 97.04% 276 2.96%
3z 7.540 5.817 77.15% 1.723 22.85% 4@
33 14,769 13,315 90.16% 1,454 9.84%
— ——
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Conclusions

Combining PROC REPORT, ODS, PROC FORMAT and other BASE SAS tools enables you to create
effective reports that include “traffic-lighting” elements that draw the reader’s attention to specific parts of the
output. Mastery of the tools and techniques suggested in this paper will enable you to generate the reports
you need, quickly and easily, that change as the underlying data stores change. All of the approaches
suggested above can be implemented with BASE SAS Software in Version 8.2 and above.
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