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Web-Enabling SAS® Applications
Bradley W. Klenz, SAS Institute, Inc., Cary, NC

Introduction

SAS Institute now offers a number of tools for
Web enablement of SAS software applications.
In the field, these tools must be used to build
applications. This paper will guide in the
selection of the appropriate tools for particular
applications. A few common applications will
be outlined and development strategies
presented. The advantages and disadvantages for
different tools are discussed in the context they
are presented. The tools and features discussed
are available now in Release 6.12 of the SAS
System. Applications presented are:

e  Applications for Report Distribution
e  Remote Data Entry
s Interactive user interface

Specific examples are presented to illustrate
implementation details. Where design choices
have been made, selection criteria are discussed.

The Basics

A number of tools are available for Web
enablement. Many fall under the umbrelia of
SAS/IntrNet™ software. Others are available
with base SAS software. In addition, new
interfaces like the Jazz IDE development
environment run outside the SAS System The
tools discussed include:

HTML generation from a SAS DATA step
Web Publishing Tools

Application Dispatcher

Jazz IDE Java development environment

‘Web-enabling’ an application can mean several
different things, but in most SAS applications
you are using the Web as an interface to a larger
SAS application. In some cases it is creating a
simple browser interface with HTML. More
sophisticated interfaces may use Dynamic
HTML. Interfaces that require a high degree of
interactivity will use Java.

Applications for Report Distribution

Probably the most basic ‘Web-enabling’ of SAS
applications is using a browser interface for
report distribution. In the simplest form, existing
paper reports are made available in HTML
pages. The interactivity of the Web allows
reports 1o be designed to provide better
information through drill down and cross-
referencing. In this instance, the ‘report’ is a set
of HTML pages that are linked together to form
a Web site. Two examples are presented, one
using static Web pages, the other using
dynamically generated Web pages.

Static Web Pages

Static Web pages are HTML files that have been
created at some time in the past and are stored on
the Web server. After the pages are created,
there is no further processing done when the user
is viewing the pages. The report typically starts
with the user viewing an index or summary page.
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In this example, a SAS program runs on a
regular basis (e.g. nightly) to do quality control
checks on a tablet production line. The program
categorizes the results based on product and
whether the production line is out of control or
not. The program then generates the HTML file
that is the index page. Three HTML tables are
used. The first lists the production lines in which
an out of control subgroup has been detected.
The second table lists production lines where a
test for special causes has been detected.

Finally, the third tables lists production lines that
are in control. Eachcell inatableisalinktoa
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page that displays a control chart of the selected
process. Selecting a link displays a page as
follows:

T Xt Wt M s

- .-Cold:and Flu Rin203a
AN TR T
[ 17} } 3 lmts
Foraefk
e
H T sven
Wl anie ‘-
.26 .
Fotz
[roery ;
2rsariin mAN :
2OK00 QOXD0 RGP WA WOHD PIROD NCOCM 23RN 2f004 -
Sty o et (SUBDT} *
bpiep Bt 286 —‘

This page is an HTML file that was created by -

the previously mentioned SAS program. The
page also displays a chart that is stored as a GIF
file.

The SAS program that created the pages uses
techniques similar to those found in many SAS
reporting programs. The program does the initial
processing using SAS DATA steps and SAS
procedures. Then a series of DATA steps write
the final report output. The unique portions that
make the program Web-enabled are the
following:

e SAS graphic output is directed to individual
GIF files.

e The DATA steps that write the report also
generate the HTML code for the HTML
files.

To save the graphs as GIF files, the GSASFILE
GOPTION and GIF device driver are used.

I********ﬁﬁtt*****t******i*t*tttt*******/

/* Assign gsasfile and driver to *f
/* create GIF =/

I***t**ﬁtﬁ***t*t*tfi**%**ii‘ttttk****tﬁil

filename gsasfile &gifdir\&gifname"“;
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or store the graphs in a catalog and use PROC
GREPLAY to save each graph individually.

The DATA step that generates the report
produces output that is written to HTML files.
Similar to the graphs, a separate HTML file is
created for each Web page. The following
DATA step was used to create the index page:

/tt***t***t**titt*tt*t*t*********t******/

/* Build index html page */
/**itt*t*',!*!*t!tt!!l‘**l‘*l‘*ttt!*t!*****l
data _null_;

merge ht hx caf cafn
end=lastobs;

by descending exflg;

file "&pagedir\index.htm*;

/***********************tt*****t-l‘**!*t./

/* Start HTML page *J
,ttk**t*tt*****tw***********#***********I
if _n_ = 1 then do;
put ‘<html>' / ‘<head>' /
'<title>Tablet Production: Index’
¢ of graphs(weight)</title>' /
'<fhead>' [/ ‘<body
background="greenwhite_paper.gif">' /
‘<hi align=‘center*>Tablet *
‘Production: Weight Measurements</hi>'

!
end;

jI*!***!*R******l‘**!tf!**f'}******l‘*****t!

/* Start HTML table *f
’tt*****t***t****************ki—t**i*****I
if first.exflg then do;
put '<table border align="center"
bgcolor="white">';
if exflg=2 then do;
put ‘<caption><b>Qutside Control
Limits</b></caption>';
end;
else do;
if exflg=1 then do;
put ‘<caption><b>Special Test
Flagged</b></caption>"';
end;
else do;
put '<caption><b>In
Control<sb></caption>';

goptions gaccess=gsasfile device=gif570; end;
end;
One important point is that you must generate a
separate GIF file for each graph. If you have a
number of graphs that you are producing, you
must either run the graph procedure for each file
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“*ﬁkﬁ*t*ttltt‘ii****tt!****Htﬁ!**:****/

/* Write column headers */
/ﬁ******k**t*******tt*************tnntt*/
put ‘<tr><th
rowspan=2>Headache<pr></th>' }
‘«<th
rowspan=2>Headache<br>Extra
Strength</th>' /
'<th rowspan=2>Cold and
Flu<br></th>' /
'<th rowspan=2>Cold and
Flu<br>Nighttime</th>
</tr><tr></tr>';
end;
put '<tr>‘;

/i*tt**t!!**kt*****t#***********Wtﬁ**t**!

/* Write values for table cells */
/*******‘*tt*t*!*!i**t;i*******iiiﬁ*****/
if hi_st NE ' ' then do;
htmname=scan{hi_htm,1) || '.htm';
put ‘<td><a href="' htmname +(-1}

'">' hl_st '<fa></td>';
end;
else put ’<td></td>';

if hx_st NE ' ' then do;
htmname=scan(hx_htm,1) || '.htm';
put '<td><a href=*' htmname +{-1)
'U>' hX_STt '<fax</td>';
end;
else put '<td></td>';

if caf_st NE ' ' then do;
htmname=scan{caf_htm,1) || *.htm';
put '<td><a href=*' htmname +(-1)
‘U=t ocaf_st '‘<far</td>’;
end;
else put '<td></td>';

if cafn_st NE ' ' then do;
htmname=scan{cafn_htm,1) || '.htm';
put '<td><a href="' htmname +(-1)
">t ocafn_st '<fa></td>’;
end;
else put '<tds</td>';

put '</tr>';

/*tt}t*****ﬁ******twn*'ll******ﬁ**tt!ittl

/* Finish HTML table */
I**f*tt*tt*t&tt****k*ﬁ**********t*****t*l
if last.exflg then
put ‘</table><hr>';

f**ﬁ***ﬂ*******i***t****tt*t*********t’*!
/* Finish HTML page */
/*ti.!’*tﬁ**!*****tt****************ttt*/
if lastebs then do;
put '<{body>' [/ ‘</html>'
H
end;

hi_st=' '; hx_st=' ';

cafn_st=' ';

caf_st=" *;
run;

SAS programmers may have experience using a
DATA step to generate additional DATA step
code or macro code. The previous program
works in a similar manner. As the file is written,
the HTML tags are embedded within the values
being written. In this manner, the information in
the report is dynamic, but the end result is a
static Web pagethat is stored.

Static Web pages have some real advantages for
Web enabling applications. They provide a good
starter project for making a Web-enabled
application. Since the applications are straight-
forward and use programming techniques that
many SAS programmers are familiar with, static
Web page applications provide a lot of ‘bang for
the buck’. For the report users, a more
interactive report interface is used and the pre-
generated Web pages provide a quick response
time. In addition, Web server resource use is
low when browsing static Web pages.

Some of the drawbacks of static Web pages are
that the generation program must generate all
possible paths up front. Since each page (and
graph) must be stored, there is potential for a
large number of files to be generated. Also, the
static Web pages have no ad-hoc capability and
the data is current only through the time that the
page was generated.

Another additional tip is that the HTML pages
do not have to be created from scratch in the
DATA step. An HTML editor can be used to
create a template for the Web page. A DATA
step could then read in the templates and create
the actual HTML files.

SESUG ‘98 Proceedings

354



Dynamic Page Generation

There are some situations where report
distribution through static Web pages is not
desirable. In some cases there are humerous
static pages created, even though only a few are
referenced on a regular basis. In other cases, the
data presented on the Web page must be the most
currently available. It is also possible that the
selections available to the user need to be based
on the most current data as well. Application
requirements such as these can be handled using
dynamic page generation. With dynamic page
generation the Web pages are not created until
the user actually requests the page to be viewed.
Instead of a static HTML file that resides on the
Web server, the HTML is written from the
program that creates the page directly to the
user’s browser. No intervening HTML file is
stored.

The ability to write SAS program output directly
to the user’s browser is available through the
SAS/IntrNet Application Dispatcher. The
Application Dispatcher uses a CGI broker
program (SAS Application Broker provided with
SAS/IntrNet software) to route the page request
to a SAS Application Server that is running. The
Application Server executes the requested SAS
program, which then writes HTML back to the
user.

In the example application, the page displayed to
the user looks the same, whether it is a static
page or a dynamically generated page. The
difference is the HTML link used to call the
page. A link to a static page is as follows:

<a href="gi4.htm">Rm201a </a>

A link that references a page generated
dynamically looks like the following:

<a href="/cgi-bin/broker.exe?
_service=default&
_program=sug.sugispcl.sas&
product=Headache&
station=Rm201a">Rm201a </a>

This link contains a few pieces of information.
First, the broker.exe program is referenced
instead of an HTML file. After the broker.exe
reference are some variables expected by the
Application Dispatcher. One variabie
(_program) indicates the SAS program to run in
the SAS Application Server. Additionally, other
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variables (e.g. product and station) can be
specified that are passed to the requested
program as macro variables.

When the requested SAS program runs in the
SAS Application Server, there are facilities
available to write the results back to the user’s
browser. A special file reference is created by
the Application Dispatcher called _WEBOUT.
The SAS program writes the resulting HTML to
this file reference and the Application Dispatcher
then handles the details of getting the results to
the user. Note that the output written to this

 fileref has the HTML tags embedded in it. An

exarple of how this is used is shown below:

data _null_;
file _webout;

product="&product*;
station="&station";

put ‘Content-type: text/html';
put ;

‘<html>' / '<head>' /

*<title>XRChart: Weight
Measurement</title>' /

‘<thead>' j '<body>* /

'<h2 align="center">' product
station '</h2>'

put

£
put ‘</body>' j '<fhtml>';
run;

Through the Application Dispatcher, Web pages
can be dynamically generated using the most
current data available.

As shown, the SAS programs used to generate
the output are a little more complex than
generating static Web pages. Another issue that
must be addressed is the installation and
administration of a SAS Application Server.
Applications can be setup to use a ‘socket
service’ or ‘launch service’. Socket service
requests go through a single SAS session and are
useful for page requests that can be handled
quickly. Launch service requests can spawn a
separate SAS session. Launch service is helpful
when a program that requires a jonger time to
run is requested so that it will not hold up other
page requests. The SAS CGI broker
configuration file has the ability to set up
multiple services and balance requests between
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then. Please see the SAS/IntrNet documentation
for a more thorough discussion of this topic.

Drill Down

One other feature of the report distribution
example is a drill down feature. This allows the
user to see the data that went into the control

. chart. The data are displayed using an HTML
table with values from a SAS data set.
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This example makes use of a SAS Web
Publishing Tools macro, called the Data Set
Formatter macro. The macro takes a SAS data
set and generates an HTML table with the data
values. Macro parameters can control
appearance, which variables are displayed, and
subsetting using a WHERE clause. The cede to
~ create the above table is as follows:

/!‘*!i-k*tiiri**************k**t****k******/

/* -Run Web Publishing macro to */
/* generate the HTML table *f
i**t*tﬁt*****t*tttﬁ*********************/
%ds2htm(data=drilldat,

runmode=s,

openmode=replace,

htmlfref=_WEBGUT,

bgtype=image,

hg=

/mycustom/sug/greenwhite_paper.gif,
center=y,
var=subdt prodcode operator
shift lot wt th hd,
round=2,
tbbgcolr=white

)i

Using the Web Publishing Tools, Web pages can
be created without a DATA step to generate
HTML. No knowledge of HTML is necessary
and an interactive development interface is
available. In addition 1o creating tables from

data sets, there are Web Publishing macros to
capture SAS procedure output and create HTML
tables from the TABULATE procedure output.
Web Publishing macros can write the HTML to a
file for a static Web page or 10 the Application
Dispatcher for a dynamically generated Web

page.

Another too] for getting SAS data set values is
htmSQL. This allows SQL statements that
reference SAS data sets to be embedded in
HTML pages. Since the example application is
already using the Application Dispatcher, the
drill down portion was implemented as an
Application Dispatcher program.

Remote Data Entry Applications

Another common application need is data entry
from a remote location. This is a good candidate
for a Web-enabled application because the user
requirement is not complex and a simple
interface is all that is needed. Additionally, there
is no need to install the application on the user’s
machine. The example application demonstrates
this application type by providing an interface to
enter patient demographic information for a
pharmaceutical clinical trial.
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The application uses an HTML form to allow the
user to input data values. When the form is
submitted (by selecting the ‘Add Patient’ push
button), an Application Dispatcher program runs.
This program perfortns some data validation,
updates a SAS data set, and provides feedback to
the user as whether the update was successful.
The user’s data values are passed to the program
through macro variables. There is a macro
variable for each field in the HTML form and the
Application Dispatcher transfers the value from
the HTML form to the Application Server that is
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running the program. The following shows that
code to update the data set:

/*********************t*t****&g*gg******/

/* If HTML form values are OK then add*/

/* to SAS data set . *y
/* Macro variables are set by */
i* Application Server from name/value */
/* pairs in HTML form. */

,t*t************t****t*t*t*!*t!*****!l‘ttl
proc sql noprint;
insert into patdata.patinfo
{patid, center, inv, patinit,
patsex, patrace, patdob)
valuves ("&patid®,
"&center"”,
“&inv*,
“&patinit*,
‘&patsex”,
“&patrace”,
“&patdob");

This application is a straightforward design to
allow simple data entry. This type of application
waould be a good candidate for a socket service
because the transactions are small and quick
response is necessary. If a more involved data
entry system is required, then the application will
need multipie Web pages to coliect the data
values. Also, the user does not get feedback on
incorrect values until the form has been
submitted.

Dynamic HTML

A more robust data entry application would need
to be able to present selection lists to users based
on previously collected values. Additionally, it
would be useful to provide immediate feedback
to the user for correct value selection. Dynamic
HTML pages can perform these tasks. Dynamic
HTML allows the Web page to dynamically alter
itself without reconnecting to the Web server. In
the example application, the selection of doctors
is narrowed down based on which center the
patient is at.
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Dynamic HTML allows a more complex
interface where the user can have many
interactions with the Web page without requiring
Web server hits.

One major drawback of Dynamic HTML is that
it is not standardized and requires the most
current Web browsers. It also requires more
complex programming than standard HTML.

<html>
<head>
<title>Study ZMP-801: Add Patient
Demographics</title>
<seript language="JScript">
<!-- addInv function saves Investigator
value and-->
<!-. resets HTML to prompt for Patient
Initials --»
function addinv () {
document.all.inv.value =
document.all.uservalue.value;
document.all.vallist.innerHTML =
document.all.vallist.innerHTML +
“<li>Investigator: " +
document.all.inv.value;
document.all _prompt.innerText = "Enter
Patient Initials:”";
document.all.editval.innerHTML
"<input type=‘text' size='20'
id='uservalue'>"
document.all.cbutton.outerHTML =
“<input id=‘cbutton' type='button'
value='Continue’
onclick='addInit()'>";

. additional code omitted

Dynamic HTML is a potential tool if you know
that all the application users will have the same
browser and have the most current version
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(Netscape Navigator® 4.0 or Microsoft Internet
Explorer 4.0).

A SAS program could also generate dynamic
HTML. This would allow output to be presented
that had much interactivity.

Interactive User Interface

Some applications require a high degree of
interactivity in the interface with the user.
Dynamic HTML allows more interactivity than
standard HTML, but will only work on certain
browsers. Java applets allow Web pages to have
interactive user interfaces and are supported by
most currently installed browsers. An example
application allows a user to navigate a collection
of SAS data libraries and select data sets for
viewing. When viewing the data set, the user
can scroll throughout the data set as desired.
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Building such applications requires more
advanced programming skills than HTML Web
pages. Also, applet download times can make
the application slow to come up.

To build a Java application, the programmer
usually uses a packaged development
environment. SAS Institute provides a
integrated development environment currently
cailed ‘Jazz IDE’. This development
environment provides normal Java programming
support in addition to a set of SAS specific
components that greatly enhance the ability to
creaie applets that use the functionality of SAS
software. Other Java development environments
include Microsoft Visual J++* and Symantec
Café®.
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The SAS server support to Java applets is
available through the SAS/CONNECT?® driver
for Java and the SAS/SHARE® driver for IDBC.
The SAS/CONNECT facility allows the Java
applet to submit code to a SAS session, similar
to the way SAS/CONNECT works for SAS
system client/server applications. The SAS
JDBC classes provide access to SAS data sets
through a JDBC interface.

Conclusion

Example applications have been presented to
illustrate different manners in which SAS
applications can be Web-enabled. Each example
shows how various tools were used to meet the
application requirements. Additional
information was provided to explain why various
design options were chosen.

Initial SAS Web projects can be implemented
with a very reasonable investment of resources.
As project requirements grow, a number of
interface options are available and applications
can be scaled up in a reasonable manner.

Feel free to contact the author at:

Bradley W. Klenz

Senior Quality Technology Specialist
Statistical Quality Improvement R&D
SAS Institute, Inc.

SAS Campus Drive

Cary, NC 27513

Email: brklen@wnt.sas.com

Additionally, you can request {(by email)a ZIP
file containing sample code used in this paper.
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