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Abstract
Decision support information is crucial in the
banking environment. The following article
focuses on the latest development toward a
paperless office for the conservative banking
industry. Utilizing SAS® software and Intranet
technology, paper reports are now converted to
electronic formats for easy access and delivery.
Intranets provide both rapid report delivery and
the ability to seamlessly convert live reports into
spreadsheets for further analysis. The SAS web
macros provide the means to construct
standardized reports, while maintaining control
over the information being delivered and
centralizing the data. SAS software integrated
with an Intranet renders an efficient means of
data delivery.
The first step of web migration is to move paperbased, SAS generated reports onto an Intranet
site. Using the SAS web publishing macros,
various techniques for formatting, and web
integration, reports are seamlessly constructed
for data delivery over the Internet or an Intranet.

Introduction
In the current frenzy of web development, the
research and development department at the SAS
Institute has issued a set of web publishing tools.
These macros are the first step in a line of web
tools for bringing SAS functionality to Intranets
and the Internet, and these macros can be used as
either a primary conversion tool, or as the path to
dynamic web page creation. These macros, in
conjunction with the rest of the SAS macro
language, provide a great deal of power to the
SAS developer.
Before the availability of the SAS web
publishing tools, reports were printed. Even if
they were electronically stored, they were never
well integrated into HTML. Since HTML is a

presentation-oriented language, delivery of data
is now both easy and eye pleasing. This article
will explore the capabilities of the SAS web
publishing macros in the conversion of
traditional printed reports. It will discuss all the
topics involving SAS web page creation and
delivery, and the progression from SAS data sets
to the web.
It will start with the tools
themselves, then progress to the usage and
application of the tools, and finally into the fine
tuning of the HTML reports to make them as
easy to maintain as possible.

Methods
Conditions of development
•

For conversion to occur smoothly and to
produce the desired web pages, it was
required that minimal changes be made to
existing programs. Development needed to
be quick and easy.

•

It was essential that the programs
dynamically create the file names for the
reports. Due to the number of reports
produced (several hundred and growing), the
names had to be unique to each report,
product and location.

Macros
In many programming languages, the most
useful tools available to developers are the macro
components of the language. This is absolutely
true of the SAS language. By stepping outside of
standard code, solutions to baffling problems can
be efficient, elegant and time saving.
As a further enhancement to the SAS macro
language, the web publishing tools are macros
themselves. The current web tools consist of
three macros: OUT2HTM, DS2HTM, and
TAB2HTM. While all the macros are very
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useful, the first two seem to have the most
practical application.
Challenges were encountered in producing the
reports, which is expected in any development
situation. These were overcome easily with the
use of macro conditional logic and the web
publishing tools. Details of the challenges and
the solutions found are covered in the Discussion
section.

OUT2HTM
The OUT2HTM macro is the most fundamental
of the web publishing tools. Taking the output
from either the log window or the output
window, all captured material is processed and
placed in pretext form inside an HTML file.
This is an extremely basic function for SAS and
a very valuable tool for insertion of non-SAS
related information. HTML files created by SAS
require no further modification, and thus
OUT2HTM is ideal for inserting scripts, tags and
links without manual modification.

Report Index, Drill Path and
Link Legend
The original printed reports were organized
according to report type, and then products
within locations (see Figure 1) and locations
within products (see Figure 2). Index pages on
the web site allow the user to climb down the
report tree structure in one of two ways. The
first route is to choose a report type and then
choose one of the available locations. Each
location page consists of all applicable products
for the report type for that location. The second
route is to choose a report type and then choose
one of the available products. Each product page
consists of data for each location for that
product. On a monthly basis, business
requirements may change, and numbers of
locations and products can fluctuate. Creation of
an index page for all locations and products was
incorporated into each of the programs. The
code in Example 1 demonstrates how the
OUT2HTM macro creates a link legend of
products for the produced reports.

Example 1
 &UHDWH KWPO ZLWK SURGXFW ILOHQDPHV DV OLQNV 
287+70 &$3785( 21
:,1'2: 287387

58102'( % 
'$7$ B18//B
6(7 81,48(
/(1*7+ 1  
1
B1B
),/( 35,17 127,7/(6 /6 
387 # $ +5() 49B35'
# B1B
#   /(1*7+ 75,0 /()7 1
#   /(1*7+ 75,0 /()7 1
#   /(1*7+ 75,0 /()7 1
 /(1*7+ '(6&
D! 
581

+70!
'(6&

287+70 +70/),/( '?+70/?35'1';+70
&$3785( 2))
23(102'( 5(3/$&(
(1&2'( 1
:,1'2: 287387
58102'( %
&7(;7 %/$&. 

Export HTML Report to Spreadsheet
The static web pages needed functionality that
HTML alone could not provide such as editing
the page, using the data to draw graphs and
charts, and cutting and pasting the data into other
applications. Enhancements were made using
ActiveX scripting which enabled users to access
the HTML data through Excel spreadsheets to
provide the functionality listed above. (The
Excel software must exist on the user’s PC).
Details of the ActiveX component will not be
discussed here. The ActiveX script is appended
to the bottom of the HTML file and is the last
stage in the process. A button labelled “View
Report in Spreadsheet” appears at the bottom
left-hand corner of each page. Note that in SAS,
the macro option ‘ENCODE’ is set to ‘NO’ to
turn off any encoding to HTML. The following
sample code (see Example 2) illustrates how
SAS generates the code for the HTML-tospreadsheet capability.

DS2HTM
The DS2HTM macro is quite useful for
presenting tables of data. It takes a SAS data set
and creates one cell for each piece of data.
Included with the macro are the title and footnote
variables, which are very useful for quick
formatting, without going to another step like the
OUT2HTM macro. The programmer is given a
lot of control over the table attributes. Although
full control is not possible without coding
HTML, the degree of control is enough to
produce eye-pleasing tables. There are ways to
2

Internet, Intranets, and The Web

3

Internet, Intranets, and The Web

bridge the gap to full HTML control. For
example, character “Alt-0160”, in most
Windows true type fonts, appears to the user as a
space. However, to the computer, it is a
character and can be used to prevent the browser
from wrapping the two words directly
surrounding it. Similarly, in HTML code,
“&nbsp” also creates a space, which can be
useful in some programming situations.
Example 3 illustrates a typical usage of the
DS2HTM macro to create a simple table, with
variables as columns of the table.
Example 2
 &UHDWH $FWLYH; OLQN DV ILOH FRPSRQHQW 
287+70 &$3785( 21
:,1'2: 287387
58102'( % 
'$7$ B18//B
),/( 35,17 127,7/(6 /6 
387 6&5,37 /$1*8$*( -DYD6FULSW! 
387 6&5,37 67$576 +(5( 
387 9$5 7(03 
387 '2&80(17:5,7(
3!2%-(&7
,' +70/6SUHDG
 
387 '2&80(17:5,7(
FODVVLG FOVLG(%
(&'%('$&('  
387 7(03
FRGHEDVH ?KWWSZZZGRPILQVFRWLDEDQNFD
$FWLYH;67&+70/7R6SUHDG 
387 7(03
7(03 
+70/7R6SUHDG&$%YHUVLRQ ?
DOLJQ ?EDVHOLQH? 
387 '2&80(17:5,7( 7(03  
387 '2&80(17:5,7(
%25'(5 
:,'7+  +(,*+7 !
 
387 6&5,37 (1'6 +(5( ! 
387 6&5,37! 
581
287+70 +70/),/( 0<+70/+70
&$3785( 2))
23(102'( $33(1'

(1&2'( 1

:,1'2: 287387
58102'( %
&7(;7 %/$&. 

Example 3
 7\SLFDO XVH RI WKH GVKWP PDFUR



GVKWP KWPOILOH 0<+70/+70
RSHQPRGH DSSHQG
GDWD NL
ZKHUH 
REVQXP 
ODEHOV \
IRUPDWV \
URXQG 
LG 
YDU 26 3325$&7 4759$5 4759$537
&$7(*25< <7'*5 <7'9$5
<7'9$537 :+<53/$1 :+<537
<529<5 <5&+*
VXP 
HQFRGH \

UXQPRGH E
EJW\SH 
EJ 
EUWLWOH 49 5HSRUW
FHQWHU Q
FWH[W 

TAB2HTM
The TAB2HTM macro is closely related to the
TABULATE procedure in SAS. By replacing or
modifying the TAB2HTM macro, and using the
same organizational conditions, an advanced
table can be created in HTML. Unfortunately
none of the reports in our situation used the
TABULATE procedure, and thus presented no
opportunity to uncover the finer points of this
last macro.

Discussion
Most of the reports used a large sorted data set to
create the printed reports. However, using this
data set to create tabulated data through the
DS2HTM macro would simply output the whole
data set to an HTML file, making it large and
unmanageable. DS2HTM does not have any
capability to modify or subset the data set. To
pass the records for one report page to the macro,
a data set containing the data for that page must
be created. To do this efficiently without
repetitious code, macros must be employed to
dynamically create code that will produce the
web pages.
By creating a data set containing the filtering
criteria for each report, and in conjunction with
macros, individual data sets can be created for
report processing. By passing parameters to
macro variables, output information can be
dynamically generated.
Consistent appearance was vital to the
acceptance of the reports by users. A great deal
of effort was put into creating identically styled
reports. The colours used in displaying tables
and text, fonts, relative (minimum) size, titles
and labels for the tables, and formats of different
types of data are identical in each report.

Titles
For consistency, identically styled titles for the
reports were produced through ‘title’ data sets.
Alternatively, titles from the SAS data sets can
be output as part of the data with the DS2HTM
macro (see DS2HTM documentation for details
on the formatting of titles). Titles were stored in
4
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a separate data set and output as a table with
three columns. Example 4 below shows partial
code for producing the titles for the reports.

Example 4
 ORRS WKURXJK DOO ORFDWLRQV
GR ,  WR QUHJQ



 VHOHFW REV IURP RQH ORFDWLRQ RQO\
GDWD UHSWSDJH
VHW UHSW UHSWQXP
ZKHUH UHJLRQ HT  UHJQ ,
LI

UHSWQXP 
UHSWQXP 
UHSWQXP 
UHSWQXP 
ODEHO \WGJU
HQG



RU
RU
RU
WKHQ GR
<7' $&78$/ 

XQLW SXW UHSWQXP FXUXQLW 
FDOO V\PSXW XQLW  XQLW 
UHSWIRU SXW UHJLRQ UJQ 
FDOO V\PSXW UHSWIRU  UHSWIRU 
UHSWQDPH SXW UHSWQXP UQDPH 
FDOO V\PSXW UHSWQDPH  UHSWQDPH 
UXQ
GDWD WLWOH
OHQJWK FROXPQ FROXPQ   FROXPQ  
WGD\ SXW GDWH ZRUGGDWH 
PGD\ SXW DVRIZRUGGDWH 
FROXPQ
5(3257(' )25
UHSWIRU
FROXPQ
 UHSWQDPH
FROXPQ
0217+ (1',1* __PGD\
RXWSXW
FROXPQ
352'8&(' %< '20(67,& ),1$1&(
FROXPQ
 XQLW
FROXPQ
35,17 '$7( __WGD\
RXWSXW
ODEHO
FROXPQ
QEVS
FROXPQ 0217+/< %5$1&+ 5(3257,1* 6<67(0
FROXPQ
QEVS 
UXQ
WLWOH
HQG



 IRUPDW GDWD VHW WLWOH LQWR KWPO WDEOH 
GVKWP KWPOILOH LI PHPEHU 5(*,21
WKHQ GR
G?KWPO? UHSWQXP?PEU UHSWQXP UHJQ LKWP
HQG
HOVH LI PHPEHU 352'8&7 WKHQ GR
G?KWPO? UHSWQXP?PEU UHSWQXP SUGW LKWP
HQG
RSHQPRGH
UHSODFH
 FUHDWH QHZ KWP ILOH 
GDWD WLWOH
ZKHUH 
REVQXP 
ODEHOV \
IRUPDWV
\
URXQG 
HQFRGH \
UXQPRGH
E
FHQWHU \
ERUGHU Q
FSDG 

EJW\SH
FRORU
EJ
ZKLWH
 WKLV LV WKH WLWOH LQ WKH EURZVHU ZLQGRZ
EUWLWOH
0RQWKO\ %UDQFK 5HSRUW



VHSW\SH
QRQH
WZLGWK 
WZXQLWV SL[HOV
LG
FROXPQ
LKDOLJQ
FHQWHU
LZUDS
QR
LVL]H

LWDJ
EROG
YDU
FROXPQ FROXPQ
FOVL]H

FOZUDS
Q
YKDOLJQ
FHQWHU
YVL]H

YZUDS
Q
YWDJ
EROG
FWH[W 

Data Tables
The data tables were relatively easy to produce
using the DS2HTM macro. Similar to the title
data set, the data tables contain labels, colours,
backgrounds and borders.
The data table is appended to the file already
containing the title table. The subset data is
passed to the DS2HTM macro that matches the
table to its title. Example 5 shows the code for
the data table portion of the report.

Example 5
 IRUPDW GDWD VHW UHSWSDJH LQWR KWPO WDEOH 
GVKWP KWPOILOH
LI PHPEHU 5(*,21
WKHQ GR
G?KWPO? UHSWQXP?PEU UHSWQXP UHJQ LKWP
HQG
HOVH LI PHPEHU 352'8&7
WKHQ GR
G?KWPO? UHSWQXP?PEU UHSWQXP SUGW LKWP
HQG
RSHQPRGH
DSSHQG  DGG WR H[LVWLQJ KWP ILOH 
GDWD
UHSWSDJH
ZKHUH

REVQXP

ODEHOV
\
IRUPDWV
\
URXQG

YDU
LI PHPEHU 5(*,21 WKHQ GR
RFWEDVH SUHYPR PRYDUB ODVWPR PRYDUB
WKLVPR PRYDU PR GHVF \WGJU \WGYDU
ZK\USODQ \UFKJ \URY\U
HQG
HOVH ,) PHPEHU 352'8&7 WKHQ GR
RFWEDVH SUHYPR PRYDUB ODVWPR PRYDUB
WKLVPR PRYDU PR UHJLRQ \WGJU \WGYDU
ZK\USODQ \UFKJ \URY\U
HQG
HQFRGH \
UXQPRGH E
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FHQWHU \
VHSW\SH QRQH
ERUGHU \
FSDG 
WEEJFROU IIIIF
WZLGWK 
WZXQLWV 3,;(/6
FOEJFROU ZKLWH
FOFRORU EOXH
FOVL]H 
FOZUDS 
FOYDOLJQ 723
YEJFROU IIIIF
YFRORU 
YKDOLJQ FHQWHU
YYDOLJQ PLGGOH
YVL]H 
YZUDS Q
FWH[W 

Export to Spreadsheet
Once titles and data tables for the reports have
been output, the last remaining piece of the
report is the ActiveX component. Briefly, the
ActiveX scripting allows a user who is viewing
the reports with a browser, to pull the data off the
web report page and into an Excel spreadsheet.
The only requirement for this function to work is
that Microsoft Excel ® be installed on the
client’s PC. This capability saves users from
having to re-enter the data, which often leads to
errors. Time spent entering and correcting data
is now spent analysing and making active
decisions.

General Report Presentation
Report Layout
The original programs were written with a paper
report in mind. It was visually appealing, with
columns lined up, separator lines and spaces and
other such niceties. These were eliminated in the
HTML format, since applying them to tabulated
data in HTML would detract from the visual
layout. Early in the development of the web
reports, the OUT2HTM macro was used in
conjunction with the customized page layouts
from the original programs. Unfortunately, it
was difficult to produce the same level of visual
quality as the paper reports for the browser.
Output on the screen has different requirements
than that in paper form. Size, spacing and
alignment all proved to be difficult to maintain.
For these reasons, DS2HTM was chosen over
OUT2HTM as a means of displaying the data.

Column Labels
Column labels are an insufferable problem. It is
probably easiest to use the default column labels.
However, for cosmetic purposes, the default is
not always best. Depending on the report, labels
may need to be changed, or in the case of display
columns, assigned. A good way to do this is
through the label statement. However, only one
of these statements can be issued during a data
step. This is where macros are at their strongest.
Using macro conditional logic, it is possible to
issue more than one label statement per data step.
Example 6 shows the code for conditionally
assigning data set labels.

Example 6
 FRQGLWLRQDOO\ VHOHFW ODEHOV IRU WDEOHV
LI UHSW  WKHQ GR
ODEHO 26 $&78$/ 
3325$&7 3/$1 
4759$5 9$5,$1&( 
4759$537 72 3/$1 
<7'*5 $&78$/ 
<7'9$5 9$5,$1&( 
<7'9$537 72 3/$1 
:+<53/$1 $&+,(9(' (;3(1'(' 
:+<537 :< 3/$1 
<529<5 <5<5 
<5&+* <5<5  
HQG
HOVH GR
ODEHO 26 3257)2/,2 
3325$&7 *52:7+ 
4759$5 9$5,$1&( 
4759$537 72 3/$1 
<7'*5 *52:7+ 
<7'9$5 9$5,$1&( 
<7'9$537 72 3/$1 
:+<53/$1 :< 3/$1 
:+<537 $&+,(9(' 
<529<5 <5<5 
<5&+* <5<5  
HQG



Index Pages
An index page with hyperlinks to all the freshly
generated HTML reports is created before the
program ends. Since the web pages and frames
on the Intranet web site were customized for
consistency and aesthetic purposes, manual
editing is required before the index page is
presentable. Allowing the program to generate
index pages reduces the amount of manual
intervention required with the index pages, and
saves time for the maintenance programmer.
The current program brackets each link with
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<DD> HTML tags so that the page of links is
properly indented. Example 7 illustrates part of
the index page for locations for the Monthly
Branch Web Reports.

Example 7
 WH[WV DQG K\SHUOLQNV IRU LQGH[ SDJH 
GDWD LQGH[
VHW UHJLRQ
OHQJWK WH[W   OLQN  
WH[W SXW UHJLRQ UJQ 
OLQN PEU UHSWQXP__UHJLRQ__KWP
RXWSXW
UXQ
 RXWSXW ILOH IRU LQGH[ SDJH
RXWKWP FDSWXUH RQ
ZLQGRZ RXWSXW
UXQPRGH E 



GDWD BQXOOB
VHW LQGH[
ILOH SULQW QRWLWOHV OV 
SXW GG!D KUHI 
OLQN
!
WH[W
D!

UXQ
RXWKWP KWPOILOH G?KWPO? UHSWQXP?
5HJQG[KWP
FDSWXUH RII
ZLQGRZ RXWSXW
HQFRGH Q
RSHQPRGH UHSODFH
UXQPRGH E
EJW\SH FRORU
EJ ZKLWH
EUWLWOH 0%5 5HJLRQ ,QGH[
VHSW\SH QRQH 

The Algorithm for Automatic
HTML Report Generation
Since there are several different groups of reports
to be generated from any one data set, the data is
read through many times until all data is
exhausted. The original algorithm presented a
problem since the double nested structure of the
program drained an incredible amount of
memory, thus crashing the active SAS session as
well.
The final solution was to split the data into
several smaller data sets, grouped by the type of
report. The large complete data set is deleted.
Each subset of data is sent to a macro where an
additional subset data set is chosen to produce a
specific report.
Although this process is

cumbersome, a macro was written to perform
this as a generic process and it was the only
foreseeable way to prevent system crashes.
Memory usage is still a problem with this
algorithm. However, since the input data set is
divided into smaller ones before the macro is
invoked, multiple SAS sessions on several
Pentium PCs are used to deal with several
reports at one time.

Naming Files
Correlation between HTML file names and the
contents is suggested for maintenance purposes,
although it is not relevant what naming
convention is used for the HTML reports. Loop
counters, numeric table descriptions and report
numbers are used to produce file names. By
creating a format table, destinations of files can
be associated with specific report traits and
variables and, by using macro processing, reports
can be saved in specific locations. Less human
intervention during maintenance is always
appreciated.

Data accessibility
One of the primary concerns of HTML data
delivery is the accessibility of the data.
Tabulated data in HTML format cannot be
manipulated directly from the browser. This
lack of control creates the need for a decision on
an appropriate tool for managing the data. Listed
below are a few options currently provided to the
user and a few offered as future enhancements.

Viewing Only
There is the option of doing nothing. The user
can simply view the documents and take notes
on the available data as it is presented on the
screen. This single type of data delivery should
be used for messages to users only. Reports and
other documents should offer more accessibility.
Users are able to cut and paste the data directly
from the browser to a spreadsheet program, and
then parse the data into a usable form. This is an
extremely tedious task and since data copied
from an HTML table gets pasted as one long
string into one cell of a spreadsheet, it is not very
useful. Users could save or export the HTML
file as a text file, and then import it into a
spreadsheet, but this still requires the user to do
further editing.
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Printing
Most web browsers are presentation tools, and
only perform at a mediocre level when faced
with other tasks, like printing. Having a large
table that extends past the boundaries of the
destination paper, and trying to print it, brings
undesirable results. By adjusting font sizes and
resolutions, a table can be made to fit nicely.
Unfortunately, HTML scripts do not have the
ability to change client browser settings and
configurations and so it is left to the user to find
the best fit for the printed object.

Importing
Another option is to automatically import the
HTML file into a spreadsheet program, so that
the data can be handled at whim. All that is
required is an ActiveX component or a Java
Script to execute the spreadsheet program while
passing the current HTML location. Excel lives
up to its name in terms of importing an HTML
file and keeping all the graphical attributes. In
testing and development, Lotus 1-2-3 Suite®
Version 7.0 was not able to import HTML pages
easily with all the applicable table attributes
attached.

server. The web server itself is the Internet
Information Server from Microsoft, Version 3.0.
IIS software was chosen over the Netscape
server primarily due to the cost of the license.
The next step in terms of development of the
Intranet is to migrate to a true Windows NT®
server, (as opposed to the Windows NT®
workstation), and then on to a Unix platform,
within the next two years.
Both the UAT and production servers are
accessible to internal users through a local area
network. Users across the country dial in over
modems. Security issues will not be discussed
here, but it is noted that the Intranet is a closed
domain and poses little security risk to the bank.
Reports undergo an approval process on the
UAT server.
Once sign-off is obtained, the
reports are then moved to the production server
for full viewing.
The PC SAS programs were developed on an
IBM 365, Pentium 75MHz with 16 MB of RAM
running SAS 6.12 under Windows95.
Mainframe programs to create original data were
run in MVS/TSO. Several programmers with
varying levels of expertise in SAS programming
developed the programs over a six-month period.

Transferring Files

Conclusion

A future option for the users could be a button or
link which will automatically download a
spreadsheet file to the user's computer, and allow
the manipulation of the file by the user. Specific
spreadsheet files are a lot smaller than their
HTML cousins are. The drawback to this
method is that two copies of every report must
exist on the server. SAS is also capable of
producing the spreadsheets through the
DBLOAD procedure and thus would be easy to
implement into our existing processes.

Currently there are four main types of reports
created by the OUT2HTM and DS2HTM
macros. The process produces 600 – 800 HTML
files. Each contains an ActiveX component for
spreadsheet data access.
Their respective
programs create product and location indexes.

Delivery Channel
The Intranet resides on an IBM 350, Pentium
200MHz, with 164 MB of RAM, with
approximately 7.5 Gigabytes of hard drive space.
In addition to the production server, there is a
UAT (user acceptance testing) server as well.
The UAT is also an IBM 350, Pentium 133MHz,
but only has 32 MB of RAM, with
approximately 5 Gigabytes of hard drive space.
The extra memory is needed on the production
server to assist in running the telecommunication
software for the modem users dialing into the

The
functionality
gained
from
the
implementation of the SAS web tools far
outweighs the effort applied. The rewards are
numerous and include mass availability, reduced
printing and reduced ad hoc requests. This
project was well received by management and
end users.

Future Considerations
It is recommended that this project be taken to
the next level by extending this pull technology
to include user interaction and dynamic
generation of HTML reports. There are many
ways in which to achieve this, and many
products to explore. It is hoped that dynamic
push technology can eventually be used to send
the user his/her applicable reports. New state-of
the-art push technology is in its infancy and
8
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would definitely save search time for our internal
users. In-depth analysis will determine the best
course of action to take.

“SAS® Guide to Macro Processing”, Version 6,
Second Edition, 1990, SAS Institute Inc., Cary
NC, USA.
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