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ABSTRACT 

This tutorial describes a system's architecture in which an applica­
tion is bult using reusable modules or ctasses of objects. The appl~ 
cation can be built, controlled, maintained, and enhanced through 
changes to the underlying data and parameter files. An application 
designed in this wtrJ allows for more flexibility and lower mainte­
nance than one where the code is written to 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/AP and SAS/FSP" 
software using Screen Control Language (SCl), the SQl proce­
dure, and the SAse macro facility 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 allow 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, ~Iustrating 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 (particulariy PROC SOL 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 tools available in SAS/AF 
and SAS/FSP software can be used to build a data-driVen user inter­
face which can be customized and enhanced by the end-user. Addi­
tionally, "USING A TOOLBOX LIBRARY" introduces the concept 
of maintaining reusable programming-related modules that can be 
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incorporated into users' applications. Together, these topics pras­
ent a comprehensive overview of data-drlven techniques that can 
be used in almost any SAS appUcation. 

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

Table 1 Sample Data from the INVNTRY Data Set 

Product Warehouse 
Code Code Quantity 

A12 20 109 
A21 10 43 
A30 30 37 
839 50 17 
848 20 128 
B57 30 3 
866 20 13 
C75 2D 149 
C84 50 150 
e93 10 188 

The second library contains the parameter files that the system uses 
to perform certain tasks. The parameter file ibrary contains the 
PRODUCT file, consisting 01 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 lor 
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 makefmt; 
set parms. warebse; 
rename whsecode_start; 
rename due-label: 
retain type 'C' 

fmtname 'SWAlI.EHSE' j 

run; 

proc format cntlia-work.maltlfmt; 
t1ln; 



Table 2 Sample Data from the PRODUCT Data Set 

Product Product Description Unit Cost Unit Price 

A12 STRANGE WIDGET 1.62 1.89 
A2l 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 
B57 CHARTREUSE GADGET 1.96 2.29 
B66 FUCHSIA GADGET 0.92 1.07 
C75 LAVENDER 0.68 0.79 

THINGAMAJIG 
C84 ORDINARY 1.68 1.96 

THINGAMAJIG 
C93 SPECIAL THINGAMAJIG 0.88 1.03 

Table 3 Sample Data from the WAREHSE Data Set 

Warehouse Description Warehouse Code 

NORTHEAST 10 
MID ATLANTIC 20 
ROCKY MOUNTAIN 30 
MIDWEST 40 
SOUTHERN 50 

REPORTING 

Producing repcrtS 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 Sal procedures, among others. The usefulness 
of these tools can be expanded through the use of data<iriven archi­
tecture. Parameter files are used to define the reports. 

Consider the following examples uSing the INVNTRY data described 
previously: 

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 contsin QUANTITY, the total cost of the 
inventory (the sum of UNITCOST"QUANTITY), the tofai 
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 totai number of STRANGE 
GADGETS (B12) and STRANGE THINGAMAJIGS (C12). 
The third line is the number of CHARTREUSE WIDGETS 
(AS7). And, finally, the last line is the total of lines I and 2 
minus line 3. 

2. Another manager needs a similar report. Une I is the tofai 
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 pr0-
grams for each request. 
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Instead of creating a separate 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.RPTUNE, defines all the aggregations for both repcrtS 
described above. The variable REPTID identifies the report to which 
each UNE 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 

WIDGETI I A 

WIDGET1 2 B12 

WIDGET1 2 C12 

WIDGETI 3 AS7 

WIDGETI 4 A 

WIDGETI 4 B12 

WIDGETI 4 C12 

WIDGET1 4 AS7 

GADTHNG 1 B 

GADTHNG 1 C 

GADTHNG 2 AS7 

GADTHNG 3 B 

GADTHNG 3 C 

GADTHNG 3 AS7 

FACTOR 

1 

1 

-I 

1 

The following SQl code can be used to produce our report. Our 
report program Is implemented as a macro so that we can pass in 
the desired REPTID as a parameter and readily use the code else­
where in our application. We can also pass in the report title using 
the macro parameter mlE. 

,macro report( repti4-. title-) j 
, ••••••••• ** ............................. **.""""",""""""*' 
"'Sample report program that uses a paraaeter file and PROC SOL to '" 
,,'do the data aqqreqation and produce the act'llal report '" 
,,*.** •••••• *' •••••••••• *' •••• *' ••••••••• *' * ••••• *' •• , ... , ••••••••• , •• , •••• 
pr(lC sql; 

title ft'tjtle~; 

select line. 
sUJD(quantity'factor) as quantity. 
sum( quantitY'factortlJDitcost) as inv-<=ost format-dollarl0.2. 
sum(quantity*factor'unitprc) as inv_valu format .. dollar10.2 

from par.s. rptl1ne r, 
widget. invntry i I 

par.s. product p 
wherl r .product .. substr( i.product. ',length( r .product» 

and Lproduct • p.product 
aDd: r .reptid - "'reptid" 

group by linej 
quit; 
"mend report j 

The macro call, $report (reptid=WIDGET 1, title-Sample 
Report for WIDGET1), produces the output in Output I. 
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$'05 16,1911.22 
1S22 "15.58 
973 '.1186.50 

8eSll Sf.28J.~O 

Output 1 Sample Report for WIDGET1 

18,039.115 
",018.80 

U64.l11 
SS,1I93.91 

The output shown in Output 1 does not have meanilgfullabels for 
the report rows. By adding another parameter file, 
PARMS.UNETXT, containing one observation for each line in each 
report, we can provide a description for each report line (See 
Table 5). 

Table 5 Parameter File of Une Definition Text 

REPTID 

WIDGET1 
WIDGET1 
WIDGET1 
WIDGET1 

UNE 

1 
2 
3 
4 

TEXT 

All Widgets 
"Other" Strange 
Chartreuse Widgets 
My New Products 

The updated macro, with changes unde~ined, follows: 

isacro report( r.ptid-. title-) j 
, .......... * •• 111 •••• * ••••••••• _.t ... *.* _ ................................ III •• t .. 

,'Sampl. report program that uses a parameter file and PROC SOL to .. 
,*Clo tb. data aggregation IRd prodllce tb. actu.al report .. , ................................................................... . 
proe: Iq1; 

title -&title"; 
select tnt I 

sam(q'IJantity*factorl illS qaantity, 
SUID( quantity*factor*lDI.itcost) as inv-cost format-!lollar10. 2. 
som( quantitytfactortunitprc) as inv_valu format.,dollar 10.2 

from paras.rptline r, 
widget.invntry i, 
parml.product p. 
parms .1inetzt 1 

wbere r .product • substrl i. product, 1 f length[r. product) ) 
and i. product • p. procluct 
and r.reptid .. ·'reptid" 
Ind l.repUd • ·'reptid" 
and r . line • l.line 

group by r.line, l.tezt; 
quit; 
~aend report; 

The macro eml %reportlreptid-WIDGETt,title=sample 
Report f or WIDGET 1) now produces the output in Out­
put 2. 

All W14ptl 
·Otb.:r~ Str_lli_ 
Clulrtreusl IUclgets 
My ... 'rocla;ts 

8105 
1522 

'" 865/1 

$6,89/1.2,2 
$875.58 
SIIII.SO 

11,%83.30 

Output 2 Sample Report for WIDGET1 

$8,039'./1$ 
",018.80 

$lu.n 
11,413.9' 

Note the use of the SUBSTR function in the SOL WHERE Clause. 
Although the current version of the SOL procedure does not support 
truncated comparisons using the SAS =: operator, we can obtain 
the equivalent results by truncating the longer expression to 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 SOL program 
and two parameter files. The SOL procedure is a very powerful data 
management and reporting facAity that can be used to add even 
more capabilHies 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 comparison 
and WHERE operators that the SOL prooedure 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 
so that the results of a step can be used for later aggregatiOnS (for 
example, once line 2 is defined, 11 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 
SOL prooedure to 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 SOL Procedure: Usage and Reference, Version 
6, FirSt Edition for more information on the capabilities of PROC 
SOL. 

MACRO LOOPING 

Using the macro language to generate data-dependent SAS code 
is also a valuable technique. In our example, we need to run the 
REPORT macro for each value of REPTID in the report definition 
parameter 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 automatiemly. 

We first need to create a list of unique REPTID values. We will do 
this by reading an SOL view of unique REPTIDs from the report defi­
nition parameter file, PARMS.RPTUNE. The SOL code to create 
such a view follows. Since the view is permanently stored, the SOL 
code only needs to be run one time, not every time the reports are 
generated. 

proc sql; 
create view parms.ranrpts as 
select distiDctlr&ptid) 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 

-346-



macro variables, RPT1 through RPTn where n is the number of 
REPTID values to be precessed. The value 01 each macro variable 
is a different REPnD 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 REPnD. We do this by calling 
the macro inside the iterative %00 loop. Note that the statements 
%00 and %END can only ·be used inside of a macro. 

Imacro runrpts; 

1* Code to create list of macro variables RP!1-RP!.a. 

da.ta ....nulL; 

1* read view: aniqae list of report ID values 
set parms.runrpts end-lastrec; 

*' 

*/ 

'* Create one macro var fer each obs. For information on SYMPU'r *' '* see $AS Gaide to Macro Procenirzg, Versi.Dn 6, Second Edition *j 

1* page 165 -SYMPUl" Routine." *' 
call symput('RPT' II left(pat(....n....,S.)), repticll; 
1* at end create iI macro var that tells how many we created *1 
if llStrec then call symputl'N'. left(!)ut{....n..... 5.) 1 ); 

rllnj 

'* Loop throagb the list of nport IDS and call the report macro *' '* ODce for each valae. *' 
/* The loop index I is II macro variable and should be made local *1 
Uocal i; 

lIIdo 1-1 Ito lin; 
1* Note: the reference bflow is scanned twice during resolution.*' 
1* The first time " resolves to " RPT is treated as constant *' 
1* tnt, aru:l U resolves to the curreo.t h.du value. ~be second.' 
1* time we are actually rnolving .RPTn to II report ID value. *' 
1* See SAS GrrJ.da to Jlacro ProcessJng, Vers.ion 6, Second BdJ.tioD*1 
I. page 36 "Scanning Macro Variable References. n *1 

llreport(repUd- "rptU, title .. "Report for URPT$i" )j 

lendj 

smend runrptsj 

Any time we want to run all of the reports defined by the report defi­
nition parame1er 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 10, and then call the 
REPORT macro for each report 10 by referencing these macro vari­
ables. 

MAINTAINING MENUS 

The application should also allow the end-users to interactively 
select any specific report from a menu. In addition, users should be 
able to 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 SASIAF software and 
functions within Screen Control Language (SCl), available in both 
SAS! AF and SASIFSP software. 

Using MENU entries, the programmer builds menus that provide a 
list of selections to users. Chosen selections are accessed through 
additional MENU entries 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 buiding 
menus. SCl code directs the execution 01 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 wHh labels identifying the functional pieces of the 
application. However, tihe BLOCK function is limited to only 12 
choices. Alternatively, a dynamic menu can be created by using an 
extended table, a special type of PROGRAM entry that aHows the 
developer to repeat a set 01 fields defined in the display window. 
In a typical application using extended tables, SCl is written to pro­
cess each row of the table, corresponding to an observation from 
a data set. This use of extended tables as menus is critical to data­
driven applications development. 

Selecting a Report 

An extended table allows the user the flexibility 01 presenting a list 
of selections which are values within a data set (See Display 1). 

51st .. Main .. ,_~ - ~-------- -------, 
COIIIU.lld ••• > 

JlepCI:c't I.i3t~ action and Pres' Inter to Select 
COlIIII.aD4 ••• ) 

Seleet a Re,ort 
Elata EIltry ........ 

WIDGEr I aDa9_ tables 

hporUng 

I SAS/ASSIS1' J Exit Systelll 

'--------" 

Display 1 A DiSplay Containing the Report Us! 

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

INIT: 
45i4. open('parms.runrpts')i 1* open rept view *1 
call setrow(attrn(dsid:, '1I1.0BS') ,',' " 'N' I j 
call set(dsid); 

returnj 

GETROW: 
tC'-fetchobs (ds1c1._currow_1 ; 

return; 

PInROlf: 
submit continue; 

'report(uJ)tioa'reptid, 
title-Report For 'reptid) 

endsubmit; 
rc • anselect(-curroW-j: 1* Dsalect selected option.' 

return; 

MAIH: 
return; 

TERM: 
dsid _ close(dsid); 

return; 
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The advantage of using the parameter file from the section 
"REPORTING" is that there are fewer data sets to maintain. How­
ever, the user will have to select from a list that may not be very 
desaiptive. 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 

WIDGET1 
GADTHING 
OTHER 

REPTDESC 

The First Widget Report 
The Gadget Report 
Another Report 

ORDER 

10 
20 
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 set, 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 
Ust of the reports; to add a new fine to a report, add observations 
to the report definition data set. Although changes such as these 
are not dillicuH to do on an ad-hoc basis (for example, by using 
PROC FSEDIT), the file maintenance also 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 can 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 
aDows 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 liles, cailing PROC 
FSEDIT with a custom screen may be sufficient. Other files may be 
more complicated and may require calling a special SASl AF 
PROGRAM entry, written to handle the editing. Output 3 shows a 
portion of our PARMS.PARMLST data set. 
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AI' KcIiSah 
PlIG'lUIIat. .. rib CaU,d tg 8Y variables 
Data Set II... PrOHIS r.l.l. fell' Sort 

PADS • 'ReDDe'l'S 
l'UlfS.WAIlDIII 
p,UJU .Rr.rt.:otI 
PUJtS.t.lnnT 
PARKS .MUULST 
PARKS .PARHLst 

'IIODUCT 
WBSzeODE 
Ri'Tm LUll. PMn1JC'! 
ltlM'ID LIHI 
UTlt! PROGRAlf QRDD 

EDl'rPARK OIDOI DATAnT 

II_of 
Ponu.t to 
Create 

Lll)el value J 5 th' IIbeullf 
var1allle varllll:lle K.,. Var1111les 

for rel'1llllt fer rormat. for Illdex 
I~x IDdex IDC1U4e 

JlatU 111l1qu,? ll1u1nq 

PROIltJ« PltODU~ y 

lIIISECODE IfKStcODl Y 
IIH:l:O J.!HE J1lCIDUCf ..lJIDIX... 
J1.1'TIO W:III ..:I:IIDU... 

Dur:r.t.pUolII D1lp11,ed So:rt 
to !Jln Options 

valid Prodacts PORCE 
Valid wareboa... 'OIICI 
ltepcrt: DeUll.ition Dlt. S.t: roltCE 
bport Lin. 1'nt. PORCE 
List. of Jlelnl: Optio.1 
'aulliehr PUe. FOIICS 

~:raf fo:r 
Porgat 

Lillrary 

Or4er all 
s.e. i. 

D.ilp1aJ~ 

:r..ist 

1 
2 

20 

" '" ... 
Output 3 Labeled Printout of PARMS.PARMLST Data Set 

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

rc-fetcbobs (dsiCl,_cu:rrow..); 

if IIOdule eq n " then 
do; I' no program entry speCified *' 

call fsedit(datnet,' SYSTEM. SCREBNS. ' 11 scan(dataset ,2, I • ' » ; 

endj II no program entry specified " 

else 

do; 'I call special edit program. entry --I 

call disPla]'(trilD(lDcdale) II' • PROGRAK , ,!lsid}; 

end;l* cill special edit prcgram 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 handle 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 foDowing code frag­
ment, the SORTV AR variable is used to indicate the variables on 
which to sort the data set. 

if sortvars ne" " then 
dOi ,-- sort variables are specified.! 

sortdsid. open{dataset, 'U' I; 

if sortdsid qt 0 then 
do; "data set opened.' 

rc-sort( sortdsid,sortvars, "I" II sort opts ); 

if rc De 0 tben 
do; '--sort fail&d "" 

I"'coae to handle ERROR messlges lII , 

end;"so:rt hUed " 

sortasid=close{ scrtdsid) i 

eadj '--data set openedl' 



Ilse 

O:Oj Itopen failed -, 

I*code to handle ERROR .essages*1 

Ind; 1* sort variables are specified.1 

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 
to specify the format's name and type. The following code fragment 
shows how the format is created. An SOL view is created and used 
as a CNTLIN data set to PROC FORMAT. 

if fmtnlllle ne II " then 
do; 1* create a format fr~ parm data set*1 

replace fmtlib 'library-Uib' j 

submit sql continue; 

create view makefmt as 
select Uabelvar AS label, 

gvaluevar as start, 
'Umtnime' as fmtname, 
'Umttype' as type 

from 'dataset: 

endsubmit; 

if sJllgetn{' SQLRe') eq D then 
dOj I*SQL view created-' 

submit continuej 

proc format cntlin-wort.makefmt UmtUb; 
run; 

endsubmit; 

if symgetn(' SYSERR') ne D then 
do; '-PROC step failed., 

I.code to bandle problems witb PROC FORHAT step.1 

Indj ,.PROC step failed*1 

end; I.SQL view C'reated.1 

else 

dO; I.SQL step failed *1 

'.code to handle problems with SQL view creation.' 

end; I.SQL step failed*1 

end; '* create a format from parm data seVI 

The SCL code fragment that fOllows shows how an index is created 
for a parameter date 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 to 
prevent the user from adding duplicate observations. 

if indexvar ne n.. then 
do; 1* create a sillPle ind81 for parm data set*1 

in<ixdsid=open(dataset, 'V') :/.Open data set in utILITY mo<ie*1 

if indldsid gt 0 then 
do; '*data set opened-I 
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if upcase(uDiqae) eq "t" thin options .. flUNIQUBllj 
else options _ -ROHUHIQUEn: 

if v:pcase (missings I eq "y .. then options " options! ! n MISSIRGn; 
else options .. options II .. ROXISS"; 

rc-icreate( irubdsid, inaae, indenar I options) ; 

if ro: ne 0 then 
do; l*index creation failed " 

'*code to handle problems creating' index*1 

end; 1*1nd&:ll: creation failed *' 
indxdsid-close( indxdsid); 

end; I*data set opened" 

else 

dOj I.open failed *1 

'.code to bandle problems opening data set*1 

end: '.open failed ., 
I 

end; '* create a simple index for parm data set'! 

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, called by the PARMLST program entry 
to handle this editing. 

entry elsid 8: 

length dataset $ 17 j 

IUIT: 
dataset-dsname[dsid) j 

dsidcC'lose(dsidl i 

call fsedit( dataset, "SYSTEM. SCRBERS ... II scan(dataset,2, ' . ' ) ) i 

return; 

Again we have Hlustrated a data-driven approach, using data sets 
to drive the entire parameter fie maintenanoe system, to control the 
editing of the parameter ftles, and to determine whether to sort a 
data set and create formats or indexes. In fact, the very data set 
that is used to control the parameter file maintenanoe oomponent 
is itseH one of the data sets maintained through the application. 

Building Dynamic Menus 

We can extend the conoept further by developing a generic 
extended table that displays menu choices. The implementation of 
such a routine uses the techniques described above. We Simply add 
another 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 our app6cation. We control the 
contents of this menu by editing a data set. 
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,.sUm Main .en'_------------------, 
comarlf!l .... > 

Please Tab to Your Seleet10n and Prus Bater t.o Select 

Dab! £Dtry 

NaDage Tables 

Reporting 

IAS/ASSIST 

pit system 

Display 2 Sample Main Menu for Application 

USING A TOOLBOX LIBRARY 

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

SASIAF SCL programs 
The SAS/AF program described in "Maintaining the 
Parameter Files that Drive the System' was obtained 
from the Toolbox, as was the screenIprogram described 
in "Building Dynamic Menus'. 

Macro programs 
The REPORT macro containing the SOL code used to 
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 
paralel 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. 

Rellabi6ty 
Toolbox objects have already been debugged and 
tested. Their use, therefore, enhanoes 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. 
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Modularity 
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 T oolbo" Entries 

At SAS Consulting Services, the Toolbox is maintained in a single 
SAS data library. This Hbrary contains a distinct SAS catalog for 
each Toolbox entry. The catalog in tum 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 easily 
moved to different platforms using SASiCONNECr software. Addi­
tionally, specific Toolbox entries can be quickly identified and copied 
into a user's application. 

The Toolbox library is accessed via a simple menu system. The main 
Toolbox window displays a scroUable list of entries as shOWn in Dis­
play 3. 

Dolbol Director·y------------------, 
COIIIJaD4 .... > 

Al'SCL 
APSCL 
Al'SCL 
Al'SCL 
Al'SCL 
APSCL 
lFSCL 
Al'SeL 
Al'SeL 
APSCL 
Al'SCL 
Al'SCL 
Al'SeL 

SAS Consulting Serviees Inc. 'l'aollloz: Directory 

0( Type: ,. ALL <Keyword:> ALL 

Ham. Description <Vi'.> <COP)'> <Info) <Blib 

COIFCAll' COllifim or Cancel Dialog BOJ 
corm'!s Use application specific keys for PSLIS'l'r PSVIEII 
BXTRIP'l'S Browse text files ill ID emrnal directory 
PSEDPW Password protect individual observations in FSEDI'! 
IBliULlST Data Driven !eDuing Facility UsiDt] Bxtended 'IaIlles 
IISSAGII Display WARliIRG r EDOR or IIfJ'OBllAUOBAL message 
JOftB'l' Inform User that selected items DOt yet ivailable 
PmLIST Data Orivla Parameter File Ilaintenanc' 
PmL$'!6 Data IIri'ln Parwter Kaintenance - R606 
pARJOmro Data Driven Parwblr Ifaint.nance with Password.s 
PRDlTIT (alfim.. Dr Cancel Print windols 
SHILL Supla CDmUDt Sbell 
SllClIAlR'l' Displll list of S01JlCI tatries to i.1m audtor Idit 

Display 3 Main Toolbox Window 

The user selects an entry by hitting the ENTER key or clicking on 
H wHh a mouse. This highlights the entry. The user then selects an 
action to perform: View, Copy, or Info. If the selection Is a 
SASiAF Sel entry, View displays the entry's catalog. Display 4 
shows the catalog when the PARMllST entry is selected for view­
ing. 



UILD: DmCTOIIY !OOLBDX.'ARHLIS'/ (B)--------------, 
Comand ...... ) 

Rome ".scription 

_ mSIBDl PROGRAH Create an Inlier OD a Dataset 
_ BDITPARII nOGRA! lIod01e to Edit Parameter List Da.taset 
_ HAKtm PROGRA! create ill Format Prom a Dataset 
_ HElSAGE PROGR.\!! COPIBD PROII SCS !QOLBDX 
_ PARl!LIST PROGJAH Parameter Pile Selection lteDU 
_ PARlfiIRllT PROGRAH Allow Users to Print Parameter Piles 
_ SORfPARH PROGRAM Generic Dataset Sort program 
_ PARJ!LIST SCREEli customized PSBDI'l' Screen for PARKLISl' 
_ SUO'P SOURCE SAS Source Coele to Create SAS Data Sets 

Dpdalod 

11101/92 
11109/92 
11/09/92 
11/09/92 
11/09/92 
11/09/92 
11/0"92 
11/09/92 
11109i9l 

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 retuming from viewing it. At this 
point the user could 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. 

~Ql.bo:r. Director, 
I COIIIIIaDd =~=> 

, SAS Consulting Services [DC. Toolbox Directory 
rCopy a catalog or an entry 

< '111 
-Copy a "tal.o<_.r--------------., 

CoJ.11 frOll catalog: roar.BDX.PARHLISt (Exit> 
fo: 

Select ill libref: SYS~I!II l'SVIBK 

Select a catalog name: WINDG1IS PSEDIf 
Tables 

save 
< 01< > <CMCEL> ilable 

words 

r Edit 

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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FSBRG1ISB !OOLBOX.IIIDJlI (S1III"1)-------------(0I>, 8l 
COllUnd ••• ) 

SAS Consulting Services Inc. 
Index of Toolbox Entries 

Haae of Toolbox Bntry: pmr.ISr 
Typt of Entry: AFSCL 
uyword List: 
DMA DlUVBN PARAHBrER IAIRTEHARCE PAJlHS 
Date Added to 'roolbOJ: 92-G1-2l rY-mm-dd 
Date Lost Kodlfl.d: 92-02-21 "-.. -dd 
Description: Data Driven ParUleter File Haintenance 
rested' Under: 
IIVS 606 thn 608; CllS 606 I.d 601; OS/2 606 
Comments: Used as put of data driven systems architecture 

Copyright (e) 1991 by SAS I"tillli:. Inc.,Cary, IIC 21513-8000, USA 
---All rights reslrnd. 

DISplay 6 Generai Information Screen for the PARMLIST Entry 

The user can also choose to display a subset of the Toolbox entries 
by selecting the rype action button. This displays a list of the type 
of entries in the Toolbox. Selecting a rypa such as MACRO will 
result in only macro Toolbox entries being displayed. AdditionaUy, 
the user can search for particular entries by using keywords. Select­
ing the Keyword action button displays a scrollable list 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 flexibility and maintainability 
for programming tasks. For those Situations where it can be appUed, 
it wm 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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