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ABSTRACT

This tutorial describes a system’s architecture in which an applica-
tion is buitt using reusable modules or classes of objects. The appli-
cation can be built, controlied, maintained, and enhanced through
changes to the underlying data and parameter files. An application
designed in this way allows for more flexibitity and lower mainte-
nance than ane where the code is written o perform specific func-
tions. Generalized modules or classes of objects, the actions of
which are dictated by parameters, lend themselves to the inevitable
changes that are made to the system. Many modifications can be
accomplished by changing values in parameter files instead of
changing the source code. Features of this approach include

+ adding new reports
- changing or reordering menu items
« controlling user access and security.

A sample application that makes use of SAS/AF® and SAS/FSP*
software uging Screen Control Language (SCL), the SQL proce-
dure, and the SAS® macro faciity is presented and described in
detail. The use of a Toolbox library of reusable modules and objects
is also illustrated.

The data-driven approach combined with the use of reusable tools
or objects can be adapted to a wide variety of data-processing tasks
of varying complexity. The techniques presented here merit atten-
tion as models which may suggest solutions to many system design
problems.

INTRODUCTION

The primary objective of application developers is to build flexible
and easily maintained systems. One good way to accomplish this
is through the use of a data-driven architecture, for which the SAS
System is ideally suited.

Central to the data-driven approach is the idea that a system can
be designed to aliow modification or expansion by changing items
in data sets instead of altering program source code. Data-driven
features can be utilized at all levels of an application, from formatting
items in a report to making additional functional components avail-
able to the user. With a system that follows such design principles,
a user with no programming knowledge can readily customize and
enhance the application.

The following sections develop progressively the data-driven con-
cept, illustrating topics with applicable code fragments and short
listings of data sets. “SAMPLE DATA” introduces a sample data-
base which is used throughout the text, initiating the data-driven dis-
cussion with a simple use of PROC FORMAT. “REPORTING”
demonstrates how SAS tools (particularly PROC SQL in conjunction
with the macro facility) can be used to aggregate data for a report,
applying user-specified report definitions which are maintained in a
data set. This topic is further developed in “MACRO LOOPING",
automating the generation of code with the use of macro looping.
“MAINTAINING MENUS” shows how the 100ls available in SAS/AF
and SAS/FSP software can be used to build a data-driven user inter-
1ace which can be customized and enhanced by the end-user. Addi-
tionally, “USING A TOOLBOX LIBRARY" introduces the concept
of maintaining reusable programming-retated modules that can be

-344 -

incorporated into users’ applications. Together, these topics pres-
ent a comprehensive overview of data-driven techniquaes that can
be used in amost any SAS application.

Throughout this tutorial, we refer o data files that drive the applica-
tion as parameter files, because values in these data sets are
passed as parameters to program entries, SAS macro routines, or
SAS procedures, thereby controlfing the execution of the applica-
tion.

SAMPLE DATA

As an example, a simplified database has been created for GIZMO
Manufacturing. The database consists of two SAS data libraries;
one contains the actual application data and the other contains the
parameter files that drive the system. The application data library
has only one SAS data set, INVNTRY, representing the current
inventory, and containing the variables QUANTITY, PRODUCT, and
WHSECODE. The variable QUANTITY contains the number of
boxes of the product. The PRODUCT is the product code for the
product. The WHSECODE is the code for the warehouse where the
product is stored while awaiting distribution. Table 1 shows sample
data from this fite.

Table 1 Sample Data from the INVNTRY Data Set

Product Warehouse
Code Cocde Quantity
A12 20 109
A21 10 43
A30 30 87
B39 50 17
B48 20 128
B57 30 3
B66 20 13
C75 20 149
C84 50 150
Co3 10 188

The second library contains the parameter files that the system uses
to perform certain tasks. The parameter file library contains the
PRODUCT file, consisting of product code, a product description,
the cost per box, and the price per box. A second file, the
WAREHSE data set, consists of the warehouse codes and the
warehouse description. These data sets are shown in Tables 2 and
3. These parameter files are used to create CNTLIN data sets for
use in a PROC FORMAT step to output the necessary formats for
reporting. Other parameter files will be discussed later.

The following code is an example of a PROC FORMAT step using
a CNTLIN data set.

data makeint;
set parms.warehse;
rename whsecodesstart;
rename desc=label;
retain type 'C"
fxtname 'SWAREHSE';
un;

proc format cntlipswork.makefmt;
tan;



Table 2 Sampie Data from the PRODUCT Data Set

Product Product Description Unit Cost  Unit Price
A12 STRANGE WIDGET 1.62 1.89
A21 MEDIUM WIDGET 0.20 0.23
A30 SMALL WIDGET 1.14 1.33
B39 ROUND GADGET 0.32 0.37
B48 TRIANGULAR GADGET 1.90 2.22
B&7 CHARTREUSE GADGET 1.96 229
B66 FUCHSIA GADGET 0.92 1.07
C75 LAVENDER 0.68 0.7¢
THINGAMAJIG

ca4 ORDINARY 1.68 1.96
THINGAMAJIG

Co3 SPECIAL THINGAMAJIG 0.88 1.03

Table 3 Sample Data from the WAREHSE Data Set

Warghouse Description Warehouse Code
NORTHEAST 10

MID ATLANTIC 20
ROCKY MOUNTAIN 30

MID WEST 40
SOUTHERN 50
REPORTING

Producing reports is an important aspect of any data processing
project, and there are many tools available within the SAS System
to accomplish this. These tools include the PRINT, REPORT,
TABULATE, and SQL procedures, among others. The useiulness
of these tools can be expanded through the use of data-driven archi-
tecture. Parameter files are used to define the reports.

Consider the following examples using the INVNTRY data described
previausly:

1. The manager of the Widget Division needs a report to help
him manage a reorganization of the product lines. He is
assuming responsibility for the “STRANGE” line and will no
longer be responsible for CHARTREUSE WIDGETS. The
report should contain QUANTITY, the total cost of the
inventory (the sum of UNITCOST*QUANTITY), the toial
value of the inventory (the sum of UNITPRC*QUANTITY),
and will contain four lines of numbers. The first line is the
total number of widgets (the PRODUCT code begins with
an A). The second line is the total number of STRANGE
GADGETS (B12) and STRANGE THINGAMAJIGS {C12).
The third line is the number of CHARTREUSE WIDGETS
{A5T7). And, finally, the last line is the total of tines 1 and 2
minus line 3.

. Another manager needs a similar report. Line 1 is the total
number of GADGETS and THINGAMAJIGS, line 2 is the
number of CHARTREUSE WIDGETS, and line 3 is the total
of these two lines.

There are many other managers who have similar reporting needs
and we do not want to write, test, and maintain separate report pro-
arams for each request.
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Instead of creating a separale report program for each of these
cases, we can define a single reporting program that uses parame-
ter files to define the data aggregation. The data set in Table 4,
PARMS.RPTLINE, defines all the aggregations for both reports
described above. The variable REPTID identifies the report to which
each LINE belongs; the variable LINE specifies how to aggregate
the lines together and control the order of the lines in the report;
the variable PRODUCT indicates the PRODUCT codes to include;
and, the variable FACTOR is used to control addition, subtraction,
discounts, and so on.

Table 4 Report Definition Parameter File

REPTID LINE PRODUCT  FACTOR
WIDGET1 1 A 1
WIDGET1 2 B12 1
WIDGET1 2 c12 1
WIDGET1 3 A5T 1
WIDGET1 4 A 1
WIDGET1 4 B12 1
WIDGET1 4 c12 1
WIDGET1 4 AS7 -1
GADTHNG 1 B 1
GADTHNG 1 ¢ 1
GADTHNG 2 AST 1
GADTHNG 3 B 1
GADTHNG 3 ¢ 1
GADTHNG 3 AS7 1

The following SQL code can be used to produce our report. Our
report program Is implemented as a macro o that we can pass in
the desired REPTID as a parameter and readity use the code eise-
where in our application. We can also pass in the report title using
the macro parameter TITLE.

smacre report(reptid=, titles=);

[ iaild
1*Sample report program that uses a parameter file and PROC SQL to ¥

f*do the data aggregation and produce the actnal report *
[T

proc  sqi;
title nititler;
select line,
sum{quantity*facter) as quantity,

'
?

H
:

sum(quantitysfactortunitecost) as inv_cost formatadollart0.2,

sum(quantity*factortunitpre) as inv_vale format=dollar(.2
irom parms.rptline r,
widget.invatry 4,
paras.product p
whers r.product = substr(i.product i, length{r.product))
and i.product = p.product
and r.reptid = sgreptid»
group by line;
quit;
%mend report;

The macro call, Sreport{reptid=HWIDGET1,title=Sample
Report for WIDGET1), produces the oulput in Cutput 1.
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Sample Report for WILGE?I

LIRE QUANTITY INV._COST THVTMN
8105 36,398,.22  $9,039.85
1522 3875.56  $7,018.80

£S62.34

1
z

3 973 $486.50
1 $3,083.91

B85k $7,282.30

Output 1 Sample Report for WIDGET1

The output shown in Output 1 does not have meaningiul labels for
the report rows. By adding another parameter file,
PARMS.LINETXT, containing one cbservation for each line in each
report, we can provide a description for each report line {See
Table 5).

Table 5 Parameter Fila of Line Definition Text

REPTID LINE TEXT

WIDGETA 1 All Widgets
WIDGETA 2 “Other” Strange
WIDGET1 3 Chartreuse Widgets
WIDGET1 4 My New Products

The updated macro, with changes underlined, follows:
Ymacro report(reptids titles);

[

g*5ample report program that uses a parameter file and PROC SQL to #
g4do the data aggregation and produce the actual repert -
H

proc 8gl:
title *stitle~;
select text,
sum(quantitytfactor) as quantity,
sum{quantitysfactorsmmitcost) as inv_cost format=dollar19.2
sum(quantity*factortunitpre) as inv_valu format=dollar10.2
from parms.rptline r,
widget. invntry i,
parms.product p,
parms.linetzt 1
where r.product = substr(i.product, 1, length(r.prodmct))
and i.product = p.product
and r.reptid = ~tfreptid~
and l.reptid = »ireptid-
and r.line = l.line
group by r.line, 1.text;
quit;
smend

report;

The macro call sreport (reptid=WIDGET1,title=Sample
Report for WIDGET?H) now produces the output in Out-
put 2.

’

Ssaple Report for WIDGET!

TEXT CUARTITY  INV_COST  IZW_VALU
ALl widgets 9105 $6,892.22  $§,039.45
»other~ Stranga 1522 $875.58  £1,015.80
Chartrenss Widgets 873 $686.50 BSER. 30
Ky New Products 8659  57,283.30  £8,483.91

Output 2 Sample Report for WIDGET1

Note the use of the SUBSTR function in the SOL. WHERE clause.
Although the current version of the SQL procedure does not support
truncated comparisons using the SAS =: operator, we can obtain
the equivalent resuits by truncating the longer expression o the
length of the shorter one before comparing them.

We have developed a mechanism that can produce any report of
this nature. All that is required is a straightforward SQL program
and two parameter files. The SQL procedure is a very powerful data
management and reporting facility that can be used to add even
more capabilities to our reporting application. For example, the logic
shown here uses a simple aggregation based on a selection using
a single key variable. We could use a variety of other comparisan
and WHERE operators that the SQL procedure supports to do other
types of selection or aggregation, such as using multiple key vari-
ables to define the aggregation. This method can be used iteratively
s0 that the results of a step can be used for later aggregations (for
example, once line 2 is defined, it can be used directly in the defini-
tion of line 4). The level of sophistication of the method used to
select and aggregate data is almost unlimited. We could use the
SQL procedure 10 create data sets or views that are passed to other
procedures or DATA steps to produce the desired output. Refer to
the SAS Guide to the SGL Procedure: Usage and Reference, Version
6, First Edition for more informaticn on the capabllities of PROC
SAL.

MACRO LOOPING

Using the macro language to generate data-dependent SAS code
is also a valuable technigue. In our example, we need to run the
REPORT macro for each value of REPTID in the report definition
parasneter file described in the preceding section. We need a data-
driven approach so that as new report definitions are added to the
file, the new reports will be generated automatically.

We first need to create a list of unique REPTID values. We will do
this by reading an SQL view of unique REPTIDs from the report defi-
nition parameter file, PARMS.RPTLINE. The SQL code to create
such a view fallows. Since the view is permanently stored, the SQL
code only needs to be run one time, not every time the reports are
generated.
proc sql;
create view parms.runrpts as
select distinct(reptid} from parms.rptline;
quit;

For each observation read from this view, we create a macro vari-
able with a standard prefix for the name and a uniquely numbered
suffix. For example, the DATA step that follows creates a series of
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macro variables, RPT1 through RPTn where n is the number of
REPTID values to be processed. The value of each macro variable
is a different REPTID value.

After we run the DATA step shown in the macro RUNRPTS, we
have a list of REPTID values that we need to process. Next we want
to call our report macro once for each REPTID. We do this by calling
the macro inside the iterative %D0 lpop. Note that the statements
%DO and %END can only be used inside of a macro.

macro ruonrpis;

/% Code to create list of macro variables RPT1-RPIn.
data null_;

/% read view: unique list of report ID values
set parms.runrpts endelastrec;

/% Create one macro var for each obs. For information on SYMDUT
/% so0 SAS Guide to Macry Processing, Version 6, Second Edition
/% page 165 =SYMRUT Routine.n

call symput('RPT’ || left(put(n_,5.)), reptid);

/% at end create a macro var that tells how many we created

if lastrec then call symput{'N', left{put{.n_,5.)} );

run;

/% Loop through the list of report IDs and call the report macro
/¢ once for sach valua.

/% The loop index I is a macro variable and should be made local
%lecal i;

fdo i=1 xto in;

*/

*/

%/
*/
*/

*/

x/
*/

/% Not¢ the reference below is scamned twice during resolution.s/
/% The first time $§ resolves to &, RPT is treated as constant */
/% taxt, and &I resolves to the currest index value. The seconds/

/% time we are actually resclving éRPTn to a2 report ID value.

*/

/% See SAS Guide to Macro Processing, Version 6, Secend Editiom™/

/% page 36 "Scanning Macro Variable Referances,r
sreport(reptid= ${rptii, title=wReport for &SRPTEiv );
fend;

fmend runrpts;

Any time we want to run all of the reports defined by the report defi-
nition parameter file, we invoke the RUNRPTS macro. The macro
will use the RUNRPTS view to get a list of what reports to run,
create a macro variable for each report 1D, and then call the
REPORT magcro for each report |D by referencing these macro vari-
ables.

MAINTAINING MENUS

The application should also allow the end-users to interactively
select any specific report frem a menu. In addition, users should be
able t¢ update the report list without having to modify program
code. The SAS System provides many tools to create selection lists,
such as MENU and PROGRAM entries in SAS/AF software and
functions within Screen Gontrol Language (SCL), available in both
SAS/AF and SAS/FSP software.

Using MENU entries, the programmer buitds menus that provide a
list of selections to users. Chosen selections are accessed through
additional MENU enfries and PROGRAM entries that navigate the
user through the application. A MENU entry is a hard-coded option
to process a selection. This requires a developer to modify the appli-
cation in order to add or delete selections.

PROGRAM entries are a powerful and versatile tool for building
menus. SCL code directs the execution of the user's choice. There
are several ways that a PROGRAM entry can be used as a menu,

%/
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utilizing functions available in SCL and the attributes associated
with the entry. For example, the BLOCK function can be used to
display a menu (such as those in SAS/ASSIST software) containing
choice blocks with labels identifying the functional pieces of the
application. However, the BLOCK function is limited 1o only 12
choices. Alternatively, a dynarmic menu can be created by using an
extended table, a special type of PROGRAM entry that allows the
developer to repeat a set of fieids defined in the display window.
In a typical application using extended tables, SCL is written to pro-
cess each row of the table, corresponding 1o an observation from
a data set. This use of extended fables as menus is critical to data-
driven applications development.

Selecting a Report

An extended table allows the user the flexibility of presenting a list
of selections which are values within a data set (See Display 1).

rSystem ¥ain Henu
Command sas>

’-ﬂopﬂrt List ection and Press Enter to Select

Comxand smw>
Selact & Report
Bata Entry

GADTHRG
WIDGET1

anage Tables
| Beportiag
SAS/ASSIBT

Exit System

Display 1 A Display Containing the Report List

The following code uses the VIEW described in the section
“MACRO |LOOPING" to build a selection list displaying the REPTID
values.

IKIT:
dsid = open{'parms.zunrpts'); /¢ open vept view #/
call setrow{attrn(dsid, 'NuoBs') {1," ', '¥");
call set(dsid);

return;

GETROW:
re=fetchobs{dsid,—currov.);
return;

PUTROW:
subnit continug;
sreport{ceptid=ireptid,
title=Report For &raeptid)
ondsubmit;
re = naselect(—curzow_); /3 anselect selected option¥s
return;

MAIN:
retuzn;

TERM:
dsid = close(dsid);
return;
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The advantage of using the parameter file from the section
“REPORTING?" is that there are jewer data sets to maintain. How-
ever, the user will have to select from a list that may not be very
descriptive. A parameter file of reports with a report description vari-
able would improve the appearance of the table. The data set in
Table 6 can be used as a parameter file to define the selections in
an extended table. The variable REPTID specifies the unique report
name. REPTDESC specifies the text that will appear on the menu.
ORDER specifies the sort order of the items in the list. The data
set will have a uniquely defined index on REPTID.

Table 6 Report List Parameter File

REPTID REPTDESC ORDER
WIDGET1 The First Widget Report 10
GADTHING The Gadget Report 20
OTHER Another Report 30

To present the data set in Table 6 in an extended table, the only
change in the SCL code shown previously is the name of the data
set passed to the OPEN function. The variable REPTDESC must
also be added to the display. Its value can be passed to the report
macro as the value of the TITLE parameter.

Through the use of extended tables, we have a mechanism by which
we can have a list of reports stored in a data set. By editing that
data s&t, we can maintain the report choices without modifying the
source code.

Maintaining the Parameter Files That Drive the System

As we have seen, a data-driven approach to applications develop-
ment has many advantages, the most important of which is the abil-
ity to change the application easily and quickly. To add a new report
to the system, add an observation to the data set containing the
list of the reports; to add a new line to a report, add observations
to the report definition data set. Although changes such as these
are not difficult to do on an ad-hoc basis (for example, by using
PROC FSEDIT), the file maintenance als¢ can be managed within
the application by using data-driven methods.

In the previous section, an extended table was used to display a
list of available reports. This technique ¢an also be used to maintain
the parameter files. A data set is created, containing a list of all of
the data sets that control the system. An extended table is used
to display this list of parameter files, allowing users to select the
parameter file they wish to edit or modify. When a manager needs
to change a subtotal calculation, the PARMS. RPTLINE data set is
selected, and the appropriate observations are modified. When the
user adds functionality that requires another parameter file, an
observation is added to the PARMS.PARMLST data set, which
allows easy access to the file in the future.

Once the user has made a selection from the extended table, the
system uses the other information in the PARMS PARMLST data
set to determine what to do. For many parameter files, calling PROC
FSEDIT with a custom screen may be sufficient. Other files may be
more complicated and may require calling a special SAS/AF
PROGRAM entry, written to handle the editing. Output 3 shows a
portion of our PARMS.PARMLST data set.
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A? Hodule
Callsd to
Process File

Nane of
Pormat to
Create

BY variables
foz Sert

Porameter Pils
Data Set MName

PARME .PRODUCTE
FARMS .MAREHSE
FARKE RPTLINE
PARMS . LINETXT
PARMS MENULST
PARME .PARMLST

PRODUCT

WHSECODE

RERTID LINE PRADUST
REPTID LINE

ENTRY PROCRAM QRDER

EDITPARN ORDER DATASET

Label Valte Is the Sbhould
variadble Varjobls Key Variables Index Index Include
for rormat for Pormst for Indsx Hama  Unique? Missing
PRODUCT PRODUCT ¥
WHSECCDE WASECODE Y
REPTID LINE PRODUCT _INDEX. b
REFTID LIXE ~INDEX.. ¥
BRTASET DATASET Y
Drdar 2z
Libeel foz Seen iz
Description Displayed sort Format Displayed
to User Opticns Lidbrazy List
V&lid Froducts YORCE 1
Valld warshouses PORCE 2
peport Dafinition Data Set MRCE 20

FORCE &0
90

999

Report Line Text
List of Memu Opticis

Fatsaeter Fling TORCE

Output 3 Labeled Printout of PARMS.PARMLST Data Set

The following code fragment from the PUTROW section shows the
SCL required to call the editing module.

rc=fetchobs(dsid, cerrow-);

if module eq n " then
do; /¢ no program entry spacified »/

call fsedit({dataset,'SYSTEM.SCREENS.'!Iscan(dataset,2,'.'});
end; /% no program eatry specified %/
else
do; /% call special edit program entry 3/

eall display(trim{module)'|'.PROGRAM' dsid)};

end; s+ call special edit program entry #/

There are several common tasks that may need to be performed
for a parameter file. For example, parameter files will often need to
be sorted, indexed, or used to create formats. To handie these com-
mon tasks without needing a special entry for each parameter data
set, variables can be added to the PARMS.PARMLST data set and
SCL code added to the PARMLST entry. In the following code frag-
ment, the SORTVAR variable is used to indicate the variables on
which to sort the data set.

if sortvarg ne » then
do; /% sort variables are specifieds/

sortdsid = open(dataset,'U');

if gortdsid gt 0 then
do; /+data set openede/

re=sort{sortdsid, sortvare, n/v|lsortopts);

if re ne 0 then
do; /esort failed */

/#code to handle ERROR messagess/
end;/esort failed */
sortdsid=cloge(sortdsid);

end; /*data set opened®/



else
do; f*open failed w/

/#code to handle ERROR messagess/
end;/sopen failed */

and; /% sort variables are specifiad+/

To create a format from a parameter data set, the user would spec-
ify VALUEVAR and LABELVAR variables, and the entry would sub-
mit SAS code to create the format. Additional variables are used
1o specify the format’s name and type. The following code fragment
shows how the format is created. An SQL view is created and used
as a CNTLIN data set to PROC FORMAT.

if fmtname me * " then
do; /* create a format from parm data set#/

replace fmtlib ‘librarys=§lib’';
submit sql comtinue;
create view makefmt as
select ilabelvar as label,
gvaluevar as start,
'¢fmtname’ 25 fmtname,
refmttype' as type
from édataset;
endsubmit;

if symgetn('$QLRC') eq 0 then
do; /#5QL view created*/

submit continue;

proc format cntlin=work.makefmt &fmilib;
Tun;

endsubmit;

if symgetn{'SYSERR'} ne 0 then
do; /*PROC step faileds/

/#code to handle preblems with PROC PORMAT step#/
snd; /#PROC step failed»/
end; /#SQL view createds/
else
do; /#SQL step failed */
/%coda to kandle problems witk SQL view creation®/
erd; /#SQL step failed*/s

end; /% create a format from parm data set#/

The SCL code fragment that follows shows how an index is created
for a parameter data set. The user specifies INDEXVAR, the variable
list used to create the index, and can specify additional variables
to indicate whether each index variable is unique and whether to
include missing values. The UNIQUE option is a convenient way ta
prevent the user from adding duplicate observations.

if indexvar ne « = then
do; /% create a simple index for parm data sets/

indxdsid=open(dataset,'V');/#0pen data set in UTILITY modes/

if indxdsid gt 0 then
do; /4data set cpened#/
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if upcase{unique) eq "Y~ then cptions = "UNIQUE-;
else options = “HONUNIQUE-;

if upcase(missings) eq 7¥n then options = options!ln MISSINGn;

else options = optionsi|» NOMISS»;
resjcreata(indrdsid, iname, indexvar, options);

if rc ne 0 then
do; /#index creation failed »/

/tcoda to handle problems creating indexs/
end; /*index creation failed */
indxdsidsc¢lose(indxdsid);

end; /edata set openeds/
else
do; /eopan failed ¢/

/%code to handle problems opening data set*/

end; /*open failed »/

I
end; /% create a simple index for parm data sets/

Only those files that require sorting, formatting, or indexing have
values specified for the corresponding variables.

If the user wants to edit the PARMS PARMLST data set, it must
be closed first. The following code fragment is SCL code for the
EDITPARM program entry, cailed by the PARMLST program entry
1o handie this editing.

entry dsid 8;
length dataset § 17;

INIT:
dataset=dsname({dsid);

dsideclose(dsid);
call fsedit{dataset, "SYSTEM.SCREENS.~|[scan{dztaset,2,'.')};

return;

Again we have illustrated a data-driven approach, using data sets
to drive the entire parameter file maintenance system, to control the
editing of the parameter files, and to determine whether to sort a
data set and create formats or indexes. in fact, the very data set
that is used to controi the parameter file maintenance component
is itself one of the data sets maintained through the application.

Building Oynamic Menus

We can extend the concept further by developing a2 generic
extended tabie that displays menu choices. The implementation of
such a routine uses the techniques described above. We simply add
anocther parameter file containing the menu choices and control
information for each menu the user sees. The menu shown in Dis-
play 2 is a sample main menu for cur application. We control the
contents of this menu by editing a data set.
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(System Mein
comnand mass

Please Tab to Your Selectiecn and Prass Enter teo Select

Data Entry
Nanage Tables
Reparting

SAS/ABSIST

Exit System

Display 2 Sample Main Menu for Application

USING A TOOLBOX LIBRARY

The system illustrated in this papar was built using a collection of
reusable programming-related objects located in the SAS Consult-
ing Services Toolbox library. Examples of objects in our Tooibox
used in this application include

SAS/AF SCL programs
The SAS/AF program described in “Maintaining the
Parameter Files that Drive the System” was obtained
from the Toolbox, as was the screen/program described
in “Building Dynamic Menus”.

Macro programs )
The REPORT macro containing the SQL code used 1o
generate reports was also obtained from the Toolbox
and adapted to the application.

Pull-down menus
Pull-down menus used throughout the application were
obtained from the Toolbox.

Why Have a Toolbox?

There are many benefits to having a Toolbox. The benefits closely
parallel those associated with “object-oriented” programming which
has seen a recent general acceptance in the industry. Some of the
benefits include

Reusability
Toolbox entries can be used repeatedly across different
applications. This reduces the requirement for
application-specific code.

Reltability
Toolbox objects have already been debugged and
tested. Their use, therefore, enhances the reliability of
applications.

Standards
Using Toolbox entries provides an automatic way of
enforcing coding standards within and across
applications.

Productivity
Greater productivity is realized as coding time is
reduced.

Modutarity
Toolbox entries are modular in nature. Their use,
therefore, facilitates modular structuring of applications.
Modeling
Toolbox entries can serve as models that can be
adapted to specific applications.

Accessing Toolbox Entries

At SAS Consulting Services, the Toolbox is maintained in & single
SAS data fibrary. This library contains a distinct SAS catalog for
each Toolbox entry. The catalog in turn contains all the components
required to run and/or support a given Toolbox entry. Toolbox cata-
logs contain pull-down menu source code, macro code, form defini-
tions, sample programs, AF programs, test data, and so on.

As the entire Toolbox is stored in one SAS data library, it is sasily
moved to different platforms using SAS/CONNECT™ software. Addi-
tionally, specific Toolbox entries can be quickly identified and copied
into a user's application.

‘The Tooibox library is accessed via a simple menu system. The main
Toolbox window displays a scrollable list of entries as shown in Dis-
play 3.

rfoolhox Directory
command waz>

SAS Comsulting Services Imc. Toolbor Directory

< Type: > ALL <Reyword:> ALL

Type Yame Descripticn NJiew  <«Copy>  «Info>  <Exit>

APSCL  CONPCAN Confirm or Camcel Dialeg Box

APSCL  COPYREYS Use application specific keys for FSLISY, PSVIEW
AFSCL  EXTREPTS Browse text files in an extermal directory

AFSCL  PSEDPW  Password protect individual observations in FSEDIT
AFSCI  MEWUZIST Data Driven Mepuing Facility Using Extended Tables
AFSCL  MESSAGE Display WARNING, ERROR or INFURMATIONAL message
AFECT  WOTYET  Inform User that selected items mot yet available
AFSCL  PARMLIST Data Driven Parameter File Maintenmance

APECT  PAWMLSTé Data Driven Parameter Maintenance - R606

APSCL  PARMMENU Data Driven Parameter Maintemance with Passwords
APSCL  PRINTIT Confirm or Cancel Print Windows

APSCL  SHELL  Saople Comment Shell

APSCL  SHCMAINT Display lizt of SOURCE eamtries to Rum and/or Bdit

Display 3 Main Toolbox Window

The user selects an entry by hitting the ENTER key or clicking on
it with 2 mouse. This highlights the entry. The user then selects an
action to perform: view, Copy, Or Info. If the selection is a
SAS/AF SCL entry, View displays the entry’s catalog. Display 4
shows the catalog when the PARMLIST entry is selected for view-
ing.

- 350 -



rBUILD: DIRECTORY T00LBOX.PARMEIST (B)

Compand a==>

Rame Type Description Gpdated
— CRESTHDX PROGRAN Create an Index on 2 Dataset 11709491
— EDITPARM PROGRAN Module to Bdit Parameter List Dataset  11/09/92
_ MARZPNT PROGRAM C(reate a Pormat Prow a Dataset 11/08/92
— HESSAGE PROGRAX COPIED FROM SC5 TOOLBOX 11408492
~ PARMLIST PROGRAN Parameter Pile Selection Memu 11/08/92
—~ DARMPRNT DPROGHAM Allow Users to Print Parameter Piles 11799/92
~ SORTPARM PROGRAM Gemeric Dataset Sort Program 11/09/92
- DARMLIST SCREEN Customized PSEDIT Screen for PARMLIST  19/08/92
- GBIUP  SOURCE SAS Source Code to Create SAS Data Sets 11/09/32

23

Display 4 The BUILD Directory Window for the PARMLIST
Entry

From here the user can perform regular PROC BUILD actions
including testing the entry using TESTAF.

The entry remains highlighted when returning from viewing it. At this
point the user couid copy the Toolbox entry to his or her own appli-
cation library by selecting the Copy button. Display 5 shows the
window that is presented when Copy is selected. This window
allows the user to specify where the entry should be copied to.

(taolbor Directory
Command ===>
SAS Conemlting Services Imc. Toolbox birectory
F:u;y a catalog or an eat
< Iy
rCopy a cataleg
Copy [zem catalog: TOOLBOX.EFARMLIST <Exit>
Pos
Select a libref: SISTEN FSVIEW
Select a vatalog name: WINBGHS PSEDIT
Tables
sage
< 0K > <CANCEL> ilable
words
r Bdit

Display 5 Copying PARMLIST to a User Application Library

Selecting the Info button displays a screen showing details about
the entry (Display 6).
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rPSERONSE TOOLBOX. IHDEX {Subset)

Obs §
Command sex> 7

SAS Conswlting Services Inme.
Index of Toolbox Betries

PARELIST
APSCL

Name of Toolbox Entry:
Type of Entry:
Keyword List:

DATA DRIVEN PARAMETER MAINTENANCE PARMS

Date Added to Toolbox: $2-01-23  yy.mm-dd

Date Last Modified: 92-02-27  yy-mm-dd

Description: Data Driven Parameter File Kazintenance
Tested Under:

HYS 606 thrw 608; C¥S5 606 and 607; 08/2 696

Comments: Used as part of data driven systems architecture

Copyright (c} 1991 by 5A5 Institute Inc. Cary, NC 27513-8000, USA
---All rights reserved.

Display 6 General Information Screen for the PARMLIST Entry

The user can also choose to display a subset of the Tooibox entries
by selecting the Type action button. This displays a list of the type
of entries in the Toclbox. Selecting a Type such as MACRO wiil
result in only macro Toolbox entries being displayed. Additionally,
the user can search for particular entries by using keywords. Select-
ing the Keyword action bution displays a scrollablelist of keywords
which the user can select. Entries defined with the selected keyword
are displayed.

CONCLUSION

As we have seen, a data-driven approach combined with the use
of reusable tools or objects provides fiexibility and maintainability
for programming tasks. For those situations where it can be applied,
it will be possible for the user to make a variety of functional changes
to the system without altering a single line of source code. Of
course, any major new functional requirements may necessitate the
addition of new macro routines or program entries. Developers who
are in the habit of coding extensive logic might want to carefully con-
sider the alternative approach presented in this paper.
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