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ABSTRACY

Data structures, design methodologles, and programming téols
are the foundation components of an application davelopment
environment. This paper describas thase componenis using a
SAS software perspactive. Specifically, the papat covers design
methodologles, management of applicaton components,
preparalion and maintenance of paratiel test and preduction
environments, and reusable code librarles. A sampte SAS
appfication that uses the describad tachniques concludes the
paper.

{NTRODUCTION
Most application developsrs would agres that the final produet

should be easy o maintain and expand. This paper prasents key '

aspects of application develapment that provide the foundation for
this deslrable goal with emphasis on using SAS software for rapid
apoflication protolyping. The paper dizcusses, from a SAS
perspeciive: Herative development, table-driven architacture, and
reusable codo fibraries. A discussion on how to manage ths

application including psckaging, structuring, and naming
conventions follows.

Establishing a framework for nppncallon development has several
benefits:

0 Appfication developers can concentrals on the functionality
and preseniation of the application Riself.

O Enhancemeants and changes to applications are sasy fo make.

O A tsam of developars working on a largat project can integrate
thelr elorts easily.

o Applicalion design $me is shorler.
Application development time Is shorter.

o Startup ime Is less for new paople on all projscts once tha
framework fa put inta place.

Q

APPLICATION DEVELOPMENT METHODOLOGY

The growh in tachnology and avallable softwars fools require an '
exarninafion of the methodology used in application developmant. -

Conirast the \raditional developmaent approach with the rnpld
prolotyping approach.

Traditional Devslopmeni Approach

There are usually four aspects o traditions! application
devalopmeant:

1. requirements gathering

2. requirements analysis

3. systam design

4. system tmplsmentation

Soma of the disadvaniages of this approach include:

Long Development Cycle

The traditlonal epproach ofien requires long developmant
eycles. Much timo and sffort Is oftan spant on writing functionat

and design specification documents, The length of ime from
when the requirements are defined unilt the first fine of code Is
wiitten can be significant; months, somefimes aven years,
During this ime, business needs can change, and changes
raquire rewriting the specification documents, thus tengthening
the cycls,

An addiffonal potentiat disadvaniaga to a fong development
cyclo Is lost Investment. The benefits the epplication may have
provided lo the business may not be reaiized In the longer fime
frame,

inflexibifity

Once tha specifications havs been writlen, thera Is usually
strong resisiance o making changes. This can often
discourage the inclusion of otherwlise desirable newly resfized
features, Even worse, such inflaxibiiity can lead lo the
acceplance of undesiratle leatures.

Poor Programmer Utitization

Tha programmers on staff are often In mbo unii the
specifications hava been approved. This is a wasth of an
expansive resource. A less tangible but importand side- offect
Is diminished programmer morale.

NOTE: The disadvantages cf the Wradifional approach apply
ragardiass of the programming language used for Implementafion.
Whether you use COBOL or the SAS tanguage, ufifizing the same
tradillonal approach to development wilt incur the sarme
disadvantages,

FRaplid Prololyping Approach

The advances In technology since the mid-1980's aflow a more
fisxible and streamitned approach to application development.
Specifically, a proven stratagy is fo employ & rapid protolyping
approach that utitzes Rarative development and table-driven
architecturd as fis cometstones. The key sdvantage of rapid
protolyping is that # allows the user to quickly get an idea of the
gensral Took and feel” of the applicalion and, more specificalty,
saa the spacific functionality. The resuita are frequent
opportunities for review dnd feedback. Flexibifty Is Inherent o the

Rerative Development

The inltlal phase of an fterative developmant effort Is geared
toward ansuring thal the requirernents for the system are well
definad and documented. As an example, the document might
include A description of the application’s dala structures. The
tangible restit of this phase i & summary document that
highlighls the testas and funclions and briefly describes the
approach,

Unitke the traditional approach, the lterative developmant
approach emphasizes the tse of prototypes. The idea Is to
provide increased funcifonality with each Hterafion and Involve fhe
user In tha dafinition, development, and testing of the application.

A first Heratlon of the application can ba avallable for the yser for
roview within several weeks of beg'nning work, This provides the
user and the developer with early assurance that they are on the
right track. it changes need fo be mada, thay can b addressed

early in the developmeant process. Each Neration ean includs new
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features or capabliities and al tha sams fime can Incomorate
comments or correclions from previcus Rerations, However, the
frequency of defivery of Horations should be carefully balanced.
with the functionafity o be included, '

Ouring the devetopment process iniial protolypas ars expandad
fo become functional flarations which ara prolotypes that are
soif-contained units of the application. They can be teslad
indapandently and are often asscctated with a distincl group st
the user's slie. Large applications usuatly require at lsast two .
functioneal Rerations,

The fterative development approach Is extromely successhst
becauss It promoles a close parinership betwaen the developer
and the user. The design efort becomes a dynamic process that
can readiy Incorporate unforeseen neads and take advaniage of
producis and facitiles that were not avaltable at the beginning.

Table-Driven Architecture

This section desciibos a systam archifacture by which varous
components of an application are maintained via paramster Nes;
in this case Implomentad as SAS dala sols. The tschnique of
using parameter files in his fashion Is catted table-diven

archilecture. An application using table-driven mrchiecturs aflows )

for more flaxtbifity and fower maintonance than one In which the
devetoper wiites code to perform the same hnctions, Examples of
parameter files could includs: : .
O Specilying the parameters that “drive’ & reporl.

O Specifying the fist of tems In a meny,

O Specilying user access pivileges.

A tabla-driven application performs under the direction of vahies
In & parameler fite, This aflows changes to be Implomented by

altering vahies in paramoter Mes Instead of rewriting or adding .

code,

The table-drivon epproach 1s adapiabla lo a wids vatlely of data
processing tasks involving varying degrees of complexity,
Table-driven faaturas can be used al af levels of an application,
from tow-level aspacts such as determining which valves in a

selection st are character or numeric to more visible foatures

such as specifying which Hems should appear In & many. A
system incorporating this design principle can significantty
factitato the user's abiiity fo mainlatn, tustomize, and snhance an
applicaflion, o

Rapid prolotyping that incorporates ferative development and
table-driven architecture Is & very powerful mathodology. For
example, instead of wiiting a document dascribing & menu
interface, use SAS/AF® soltware and & parameler data set that
defines the meny flems to quickly bultd the menuing application.
This can often be done in & matiar of hours. ¥ the user wants lo
changa the ment definiiion, changs N immediately by

tha parameler date sel In which the menu dafinition Is spacifiad; .

or walk the user through changing . Choosing the sscond .
altervative can ald in luming over the application o the yser.

Itis Important to emphasize the synergy of Horatlve developmant

with table-driven architecture thal Is packaged and quickly
dellvered to users via protolypes. Changes fo the design of the
appficalion are tnherant to the ite cycle of the project. P another,
way, design changes are ofien simply coding changes; theyars -
one and the same. Users are part of this dynamie process since
they can see and respond io the changes as they occur. Much of

the developmenit effor is done in parallel. Contrast this oulcome

with the tradtiionaf approach fo system design that tends to work |
in sequence with stalic elemenis with iitle atiendant flexibMiy, -

Retrsabla Coda Library or Toolbox

A reusabls cods fbrary is a collection of software routines or
modules that can ba used in the development of new programs,
Al SAS Consufting Services, we have a reusable code Torary that
we refer to as our Yoolbox.

Examples of elomenis in our Toalbex Include:

O SAS/AF PROGRAM and FRAME eniries
0 pufl-down memys

o0 FORMS

O SASsamplacode .

O uliity macros.

There are many benefils to having & Tootbox; the benefits closely
paraflal thoge assoclated with "object-oriented” programming
which has sesn a recent general acceptance In thd Industry,
Some of the benefits are;

Reusabiity  Tootbox enirles can be used repeatedly across
difierant appications, Thig reducss the
requirament for epplication-spacific code.

Toolbox objscts have siready been debugged and
tasted. Thelr uaa, therefors, enhances the .
refiabliity of applications.

Using Tootbox enirias provides an automatic way
of enforcing coding standards within and across
applications.

Productivity  Using Toofbox realizes greater productivity by
reducing coding time.
Toolbox entries are modular. Thelr usa, therefore, -
facifitates modular structuring of applications,
Modaling Model Toolbox entries aré adaptable to specific

: applications.

Note that a singla SAS data fibrary can serve as the repogiiory for
¥ Toobox code, The ditferent elements can be packaged to
afiow aasy retrieval of afl rataled components. For exampla, gach
Toolbox SAS/AF member Is stored In is own SAS catalog. AN
program enlries, frama entries, pmenus, source entries, efc., that
support the ool are in the same catalog,

Reflabitty

Standards

Moduarity

Development, Test, and Production Environments

The He cycle of an applicafion should be supported by three
distinct and paraliel application environments: davelopmant, feat,
and production. Each of these snvironments has aft the
componants of the epplication; the difference Is In the way they
are used. As the name imples, ongoing development occurs In
tha development environment. Application testing, Including unit
and system tasling conducied in & formal and structured way,
ocours in the lesting environment, Note that this is not the sams
#s the ad hoc testing that programmers do when they ars
developing. The most stable releass resides In the production
environment, This witl usuafly be the version that was last
delivared to the yser,

The main advantage of having these distinct environments Is that
N aflows throa key activitles to be conducted in parafiel, yot -
without fear of any one emironment being accidentally *tainted”
by another. Addifonally, and just as important, each enviranment
constructively affacts the othar, The development environment, for
sxample, can revise exlating functionality that must be newly
tested In the test environment. The test environment wM afact the
development emvironment i bugs are found. The production
snvironment influencas the test emvironment as users find new
ways of execuling the application that require testing. Bugs found
In production ars fixed in the development srwironment.
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MANAGING THE COMPONENTS OF THE APPLICATION

Rt i Impostant to organize the componenis of the applicationin a
modular and rationa! fashion. issues such as naming conventions
for the application components and ths focation where the
componenis are storad must ba resolved, Using a loglca? naming
convention makes i easter to identify, stors, and retigve ths
appflication componenis. Work on the appication procoeds with
grealor efficiency and refllabifity which, in tum, coniributes to
quicker and more gccurate applicalion davsiopment,

An application usually consisis of several softwars components,
Soms of the more obvious ones Include:

O parameter filas

macros

application source coda

application data

user-defined formals ) ’

ufiity source coda (for exampla, DATA staps that creste the
data sels of the epplication, Indexing programs, efc.).
Components of interactiva applications include:

O SAS/AF PROGRAM, FRAME, SCL enirias
o pult-down menua :

o screen definltions (FSEDIT)

O key dofinltions,

Us'ng an efeciive naming conventfon and stoting the compensnts
In an organized fashion is important 1o the project's succoss.
There ara no hard and fast rules to do this. However, thenext -
socfion outfines & schemas that has praven itse over fime at SAS -
Consulting Services, beginning with a genaric descripiton of the
schame. A sample application o Hlustrate how the schems may
be implemented follows.

ooGcoaQ

Stoting and Naming the Appifeation Components
Store the appfication componanta In a hisrarchy:

First lovel the project identifter

Second level & uniqus identifer for the application in cass
there is more than one appiication for ths projact.

Third tevel incficates the version: Development, Test, ar
Production.

Fourth fevel indicates the parlicular component of the

applicafion. This ia tha lsve! In which alf the
olements of aach component are grouped undar
an appropriate namae,

Note that the mathod In which the hierarchy s specified depends
oft the fifa structure of the operating systam of cholce.
Diraclory-based systems such as the DOS or Unix operaling
systems parafiol the four levels above with four (sub)directory
levels. in a mainirame environmant such as MVS, tha fout levels
ara implementad as nodes of the oparaling system fename,

'

Fourth Leve! Groupings . -

tdentify the applicafion components and group them at the fourth
level, The lotiowing #re the more common groupings:

SAS This ts whers tha application's BAS programs aie
stored and are avaflable for execufion. Nots thet the
programa coifid a150 be siorsd In & SAS eatalog as
SOURCE eniries (see SYSTEM below),

MACRO  Thisis where SAS macros are stored when thay are
fo be invoked as en AUTOCALL Momary,

RAWDATA Raw dala files. These are the non-SAS fites the
appiication needs.

FMTLIB  SAS format tibrary. Thig l¢ whare the user-defined
formats and Informals are stored. The original PROC
FORMAT code Is also stored here as SOURCE
ontries in a SAS catalog.

PARMODL  This ts u SAS data lbrary that contains the
application's parameter data sets, for example, those
fhat support the tabla-drven archilecture. This Rbrary

. also contains @ DATASRC catalog with entrles
corresponding to each parameler dala set. Those
enitries dofine the variables, lengths formats, labols,
etc., of aach data sel.

BASDL  Thisls a SAS data frary that contains the
application’s data used for analysls and reporting.
SYSTEM Thisis a SAS data fhrary thal contains tha following

SOURCE - containg the application’ds BAS
- programs stored as SOURCE entrias.
This would also include miscellanaous
‘one ime” code such as programs
used o craate SAS views. It is usefut
fo stere the programs In & catalog as
this makes them more portable, even
&cross operating systems.
contains complied macros. The
: . assoclated macro source code entries
el are miso stored here as SOURCE
- ) . entrles. This facifiiates ratrieving the
macros should changes be required.
WINDOWS  contalng alt SAS/AF programs,
FRAME and SCL entrles (for
interactive applications).

containg the compiled pmenus. The
associated pmenu source code fs also
stored here as SOURCE entdes. Note
that t may gomelimes be more
desirable to store the complied
pmenus in the same cataiog as the AR
programs that uge them. This would
affow the pment: to be referanced n
the GATTR window with a two-levet
name (for interactive applications).

contains the custom FSEDIT scraens
for data entry (for Interactive
' applicaffons), .

SASMACH

PMENUS

SCREENS

A SAMPLE APPLICATION

The following appfication Mustrates how the devalopment
mathodology can ba used. The sample application Is based on &
fictifious company, GIZMO Manufacturing. This system is
referenced In the peper, *Suliding Data-Driven Object-Oriented
Applications: Selected Techniques”, presented at ths Eighteenth
Annual SAS Users Group Intsmational Conference.

The application contains the following efements:

O =n applicafion data Ke comtaining nventory data.
O an interactive SAS/AF ment system o enabla reguiar users to
-ty reports on demand and a system administralor 1o maintain
, the parametor flies,
O several paramater fites and FSEDIT screens.

0 soutrce code fo create and update the parameter flles on an
ad-hoc basis.
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0O the macro that produces all of the application’s reports.
Throe data fibraries suppon the appiication.

The Hbrary referancad by the bref WIDQET corains the
inventory file storad a2 & SAS daia sel. It Is stored separately from
the parametor deta files since thosa ftes are application spacific,
white the Inventory data are used in a varlaty of applications al
QIZMO Manutacturing. Storing tha invantory data set In tts own
data tbrary simpiifies data access for all systems that need fo
access N,

The Wbrary referanced by the Nbref PARMDL containa the
appfication parameter filas thal tha system administralor is
aflowed lo access and update. Specifically: :

O a data sat that conlaing the fist of menu cholcas.

O & data sel where each observalion defines one of tha avaliable
reporis.

O a data set which defines how each report fine In aach report I8
calcutated.

O adala set which defines the repo! stub for aach raport e,

O adala sel confelning the liat of valld warehouse codes and
thelr names,

O adata sel containing the Nst of valtd product codes and thelr
doscriptions.
O a data set that confaing this Hist of parameter fitea.

The PARMOL ttbrary also containe & calalop cafled DATASRO,
This calalog contains 8 SOURCE entry lor each data s In this
Forary. The entry in the catalog I8 the program used to initially
deiina the variables, lenglhs, format, iabels, elc. In the data sel.
For simpficty, the entry name s usunlly e same as the name of
the SAS data sef thes sotrce code creates. For exampls, the antry
PARMDL.DATASRC.RPTLIST.SOURCE contains the sotrce
code used to create and mainiain the PARMDL.RPTLIST data
sel. As each dala sol in & SAS data Morary must have a tmiqus
name, the corresponding ealalog entry names ars alsa tharefore
urique. Such a naming convention makes R easy to identify the
source code thal corresponds fo a date set,

The SYSTEM library containg everylhing else that the application
requires.

o WINDOWS contains the SAS/AF software enries including
PROGRAM, FRAME, and SCL,

O SCREENS corains all of the FSEDIT screens for st of the
paramater files, A naming convention of
SYSTEM.SCREENS. <d¢name> SCREEN Is ysad where
<dsname> s the name of the dala set, This convention forces
consistancy of usage and easy idenfication of the appropiiate
screan eniry for each dala sel. For sectirity and access
reasons, a¥ of the screenas are stored in the SYSTEM fMbrary.
You eoild also consider having a SCREENS catatog in each .
data Fbraty, using the same naming convention (stmitar to
what was described earfiar for the DATASRC caftalog). '
Addittonally, HELP and PMENU sntries associated with sach N
screen would be In this catslog.

D SASMACR contains both the source coda and the complied
macres used by the application fo produce lts aulput reports.
For example, the source code for the % REPORT macro I8
conlained in SYSTEM.SASMACRH.REPORT.SOURCE and the
compllad axeculable macro I8 siored In o
SYSTEM.SASMACR.AEPORT.MACRO, Bystem options are
used fo define SYSTEM.SASMACR as the locatior to find
stored complied macros. Such a naming convention makes it
eazy o idantify the source code thal corresponds to each
macro. See SAS Technical Report P-222 Changas and
Enhancements lo Base SAS Software Reloass 6.07 for more

Information on eing stored complied macros.

0 PMENUS containg both the source code and the compiied
PMENLU definitions {as created by PROC PMENU) using &
naming conwention simitar to that described ehove. Again,

. such a naming convention makes N easy fo identify what
source code corresponds to what pmenu definttion. One could
also consider storing the PMENUS in another catalog (a.g.,
WINDOWS),

B SOURCE contains afl other SAS programs used during the

dovalopmant of the application that, perhaps, cannol ba safely
discarded, but al the same time are not part of the appheation
fisall. For example, TESTPGMS.SOURCE contains programs
that are used to test and anatyze the daia sets used to
produce the fventory reporis,

An applications daveloper could consider any number of
aftemative schemes for structuring and otganizing applications.
Using separate catalogs for the major components of an
appfication combined with choosing & naming convention to
facifiate the fogical finking of entries makes managing and
understanding the application development emdronment more

stralghtforward.

CONCLUSION

The dynamic growth in technology and the ever-increasing
capablities of SAS software anable usets to toncelve and
develop larger and mors divarse appiications than ever before.

Businoss neads ara constantly growing and changing. To quickly

raspond 1o these neads, an application development methodology
using flexible software techniques fs & necessity,

The developmeni mathodology and envircnment described in this
arficte have proven successhul for SAS Consulting Services. it
works across applications, increasss developmant productivity,
and provides flexibifity in the applications defiverad to customers.
ft has served as a mode for users lo continue to develop
applicafions using SAS software as an effective lool in salisfying
thalr business neads,
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