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Abstract 

The SAS" macro facility provides powerful tools for building 
analysis and reporting systems. SAS" macros pennit construction 
of generalized modular c:omponents which can be reliably tested 
and integreted as a system. However, sound design principals 
may be overlooked during the translalion of requirements 1O code 
specification. CASE tools provide a uscfuI means of designing 
system components and Rlating them 1O function. We describe a 
general approach using pseudo-S1rIICtuIed design and CASE 
teclmology for the COIISlI1Iction of SAS" macro systems. 

Introduction 

Experience has shown thai formal softwme proc:csscs CJISOJe a 
gn:ater likelihood thai coding efforts win produce a (Rliablc) 
system meeting user cxpeClalions. The design phase of the 
development cycle is critical because it is where Rquimnents are 
linked 1O system entities and where a bn:akdown may occur in the 
translalion of requirements to code. 

A leliable design process aids in the conceptualization of how 1O 
build a system 1O meet requin:ments and provides a map by which 
1O C011SlrUCt iL In addition, proven design methodologies increase 
the accuracy and precision of project planning and cost estimation 
by providing function counts. System design inftuenccs the 
teslability of its components and, then:fure, has a bearing on its 
validation and reliability. Further, maintenance costs are TI:1Ifold 
development costs and are inversely proportional to a system's 
stability and its ease of suppon and enhancemenl 

This is not a tutorial on Structured Design nor a philosophical 
debate of its primacy as a design methodology. Our JIIIIPOSC is to 
demonstrate the utility of a structured approach in designing 
SASe macro systems by making the follOwing points: I) SAS" 
macro systems an: wcll-suited 1O structured design methodology 
2) CASE tools can effectively represent the design of macro 
systems 3) Macro systems built using structured design and 
CASE tools are highly testable. It is worth noting that the 
methods we describe are adaptable 1O AF/sCL" application 
development and may be adaptable to InIJanet application 
deployment, as well. 

Structured Design Overview 

TIghtly written ('perfect') programs have diminished value if the 
design of their processing is unsound. Although a level removed, 
the design of a system has a din:ct bearing on the contents of a 
program and how the code fulfills its PUlpOSC. The stability, 
testability, efficiency and maintainability of a system rests in the 
architecture because it defines the context in which a block of 
code is cxecuted~ 

Structured Design is a formal method of organization for 
designing a system's components and their interrelationships to 
best meet a set of requirementS r:v ourdon and Constantine 1975). 
It embodies the principals offunctional decomposition, 
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modularity, cohesion and coupling, among others. It is frequently 
applied as a top-down decomposition of the physical design after 
a logical view of the problem domain has been defined. The 
purpose of functional dec:omposition is 1O divide complex 
problems with abstract solutions into a hierarchy of smaller 
clements hmng a IIIOnI clearly defined n:solutlon. The 
SimplifICation of a problem domain into logical components 
clarifies interrelationships and dependencies. This aids in the 
identification of code responsible for achieving individual tasks, 
thereby ensuring that requin:ments an: mel An important aspect 
of decomposition is thai it reveals sites of consolidation and 
shaled functionality, thereby identi1Ying opportunities for reuse. 

Modules are typically defined as a logical grouping of functions 
whose collective effect is 1O perform some defined process. 
Modularity refers 1O the degn:e of isolation achievable in 
delineating the tasks of the constituent fimctions for a (single) 
specific pmpose. Effective modularization is achieved by 
hierarchical structuring, good coheSion and loose coupling. 

Cohesion describes the degn:e of relatedness of opetations within 
a function. Strong cohesion results in structural integrity and is 
characterized by functionally homogenous operations in a routine. 
Coupling denotes the relatedness of functions or the stn:ngth of 
COMectivity among them. Loose coupling produces flexibility in 
the association of functions with one another. Clearly, ideal 
functions possess both strong cohesion and loose coupling. 

How then should a macro system be organized to enswe 
maintainability? Split inlO modules? How should modules be 
structured 1O maximize testability and reusability? Further, how 
should modules Rlate to one another through dependence, 
hierarchy and sequence? 

SAS®Macros 

The appeal of the macro facility for constructing systems rests in 
its ability to produce powerful and generalized modular functions. 
Because the macro facility is an extension of BASE SAS'", it 
provides an easy means of encapsulating existing routines (DATA 
step, PROCs) inlO macro functions for various degn:es of 
cohesion. Because it uses its own language, the maao facility 
provides its own hooks (parameters, macro variables) for loose 
coupling. By using modular functions for (conditional) execntion 
and dynamic code genenltion, the rislt of spaghetti coding is 
greatly reduced. This permits the creation ofwell-comrolled, 
sophisticated processing. 

To impose hierarchy, programs should be dec:omposed inlO 
control fimctions and tenniDal functions as much as possible. We 
define primary drivers as module control functions which may 
call secondllIY drivers or sub-drivers. Sub-drivers control small 
modules and may call secondary sub-driYelS or utility functions. 
Utility functions perform specific operations and an: typically 
<20 lines of code in length. Nested macro function definitions 
should be avoided since they are less efficient than calls for 
externally defined macros. With a fi:w notable exceptions 
(conditionals, localization), embedding code in the body of 



drivClS and sub-drivers should be avoided because it redul:es 
testability. 

Due to their greater efficiency and ease of use, name style macro 
invocations (%name) are our preference. Keyword macro 
pmameters greatly increase program flexibility by permitting 
table names, macro variables and operators to be passed into 
functiODS. Judicious use of macro variable localization permits 
accurate reference to the value oflocally set, but globally 
referenced, flags. 

Compiled macros arc most efficient, but the source code must be 
saved for future modifications. However, complied macJOS arc 
not portable across platf~ $0 the source code needs to be 
ported and then recompiled. 

Figure 1 illustrates the program structure of a module which 
checks the integrity of input data. Shown is the macro definition 
of a small sub-driver containing calls for three functions. The call 
for the first function is always exearted. Calls for subsequent 
timctions arc conditionally made by the %IF-<:lause based on the 
value of a macro variable (ERRFLAG) set in the first function. 
When &ERRFLAG=Y, the sub-driver is exited through the use of 
the TERM label. The second and third c;aIIs provide an example 
of function reuse. Note that the same function is called twice to 
geoerate diffemlt output data sets Loutdsn) based upon the value 
of the opetatar supplied to the parameter ·_codtn'. The sub-driver 
terminates following a call for the third utility. 

Figure 1. 

tMACRO CHCKDAT Crsltdsn = 
_calcdsn 
_sul:Jdsn 
_excldsn 
_nulldsn 
_missdsn 

work.one~ 

work. two, 
work. three, 
work. four, 
work. five, 
work. six) ; 

1* **********.***.* •••• *** ••• ******** *1 
1* Call the utility CHCKDUPP to checK *1 
1* for duplicate input result values. *1 
/* **************.****.*****.******** *1 

tCHCKDUPP Canldsn = "_subdsn) 

/* ••••• ** •• ** •• ***** ••••••• ********* */ 
1* If there were duplicate input *1 
1* results, then exit the function. *1 
/* •••••••••• *** •••••• *** •• * •••• ** •• * */ 

\"IF (&ERltFLAG - Y) 'l:THEN 'l:GOTO TERM; 

/* ***** •••••• *********.********.**** *1 
1* call the utility RMVRSLT to remove *1 
1* EXCLODED input results. *1 
/* ••• * •••• ** •••• *** •••••• **.***.**** wI 

'l:RMVRSLTCanldsn = "_subdsn, 
inptdsn " "_rsltdsn, 

_outdsn ",,_excldsn,. 
_~ = & calcdsn, 
_cndtn = tNReoUOTE(EXCLA='Incl'» 

/* •••••••• ***.**** •••• ** •• * •• ******* *1 
1* Re-use the utility RMVRSLT to *1 
1* remove NULL input results. *1 
/* ******.**.***********.*.********** wi 
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%RMVRSLT (_anldsn 
_inptdsn 
_outdsn 
_cmpdsn 
_cndtn 

= &_subdsn, 
&_rsltdsn, 
&_nulldsn, 
&; cslcdsn, 
tNRsQuOTE(RSLTA =.» 

/* .*.****** ••• ********.************* wI 
1* Call the utility RMVMSSNG to *1 
1* remove MISSING input results. *1 
/* *****.*********.******.*.********* *1 

tRMVMSSNG(_anldsn 
_inptdsn 
_outdsn 
_cmpdsn 

,,_subdsn, 
,,_rsltdsn, 
"_missdSn, 
,,_calcdsn) 

tTERM: 'l:MEND CHCKDAT; 

The module is called by issuing a name style invocation from 
within the body of its calling driver, as shown in Figure 2. 
Notice thai: it is the value of the parameterS supplied in the 
invocation (Fig. 2) that are processed in the module, rather than 
the values used in the macro definition (Fig. 1). The latter serve 
only as placeholders. 

Figure 2. 

tCHCKDAT(_rsltdsn 
_calcdsn 
_subdsn 
_excldsn 
_nulldsn 
_missdsn 

work. results, 
work.calcdsn, 
work. subrslt , 

= work.exclrslt, 
work.nullrslt, 
work.missrslt) 

Figure 3 shows the program structure ofthc first utility, which 
checks for dupJic:ate input result values. The SQL procedure is 
used to take advantage ofdte reserved macro variable SQLOBS, 
which is the number of rows processed in the SQL procedure. Its 
value is used to conditionally set the value of &ERRFLAG, which 
is used in the conditional statement in the calling sub-driver (Fig. 
I). 

F1g1U"e3. 

'l:MACRO CHCKDUPP(_anldsn = work.seven); 

/* **********.*.* ••• ***************** wI 
1* Use a SQL step to create a data *1 
1* set containing a count of the *1 
,. results in each analysis unit. *1 
1* ******' ••• *************'*.***.*.** *1 

FROC SQL; 
CREATE TABLE WORK. COUNT AS 

SELECT ANLYUNIT 

QUIT; 

FROM "_anldsn 
GROUP BY ANLYUNIT 
HAVING COllNT (.) >l.; 

/* ***************.****************** */ 
1* If there are duplicate values, set *1 
/* the error flag and exit the *1 
/* function. *1 
/* ********************************** *1 

'l:IF (&SQLOBS>O) tTHEN tOO; 
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"LET ERRFLAG=Y; 

\-END; 

\-MEND CHCKDUPP; 

What convenient means is !here for representing the physical 
S1ruCIUre of a macro sys1em? Modular components naturally lend 
tbemselves to stJuetuRd engineering. CASE (Computer-aided 
Software Engineering) tools are designed to provide a mechanism 
for modeling system architecture and function allributes. 

CASE Tool Use 

The physical design of macro systems can be represented by 
Physical SInICIUre Diagrams (PSD) and Function Hierarchy 
Diagrams (FRO), among others. We feel that FHDs provide a 
more intuitive representation of processing logic. FHDs me 
simply borizonlal decomposition charts with a Data Dictionary 
(DD) that represent the hierarchic relationships in a program 
structore. They provide an organizational representation of the 
entities in a physical structore. 

In the examples presented, the Oracle DesigneI2()OOO° CASE tool 
was used to represent the FHD and its DD. Figure 4 displays tile 
sequential processing from tile top down and from left to right 
that OCCIIIS in !he module in Fig I. A primary driver calls a 
primary sub-driver which. in tum, calls our module, a secondary 
sub-driver and a utility. We find it useful to represent 
conditionals in the body ofllte diagram to completely .epresent 
processing logic. A disadvantage of the diagrammer is that 
functions can not be referenced more 1han once by !be same name 
when difti:zent parameter values are passed. Aliases must be used 
to reference a previously defined function. 

Figure 4. 
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The DD is a diagJanl-linked data base repository that provides 
storage, organization and management of system metadata Data 
base structures me cataloged in !he repository using the 
Repository Object Navigator (RON) and are thereafter available 
to !he DD. The DD is accessed by double-clicking a diagram 
function. It is used to define the tables, entities and allributes 
associated with each function in !he FHD. Figure 5 shows tile 
Defioition tab for our module. The wnction's purpose and point 
of origin are identified by a definition field and a parent 
description. Because 1hIs is a mock SIJb.driver, it has no parent 

Figure 6 displays lite Entity Usage tab accessed from the same 
screen. It shows all entities (tables, macro variables) associated 
with the function. The Attributes tab allows specification of tile 
column(s) or macro variable(s) referenced by the function and 
whelher !hey are updated, inserted or retrieved. 

FigureS. 

r.gare6. 
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A CASE tool provides an invaluable way to manage and represent 
complex relationships during system design. A very useful 
feature is that the tool produces reports describing metadata 
associations. Design documents also serve a number of purposes 
extemal to actual code development Peer-<eviewed design walk­
throughs provide an opportunity to detect flaws at the point where 
they are least costly to mitigate. They may reveal limitations in 
the existing definition of software requirements. They serve an 
important role as Validation Deliverables for the systems QAlQC 
division. Designs may be critical to support staff who provide 
ongoing maintenance and enhancement 

Testability 

A critical aspect of Software QUajity is the reliability of a system 
in performing its intended purpose. Reliability is achieved by the 
validation ofa system and its components. Validation requires 
the ability to test a function's task; its testability rests in its 
composition. The development process and reliability testing 
work hand-in-hand to produce high quality software. 

The entire testing process frequently detects less than two-thirds 
of etrorS. Incremental stages of testing often reveal only half the 
errors present Establishing a solid foundation minimizes the 
magnification of instability that occurs with increasing 
complexity. The stabili2ation of a stnIctUre beginning with its 
most atomic element followed by a progression up its hierarchy is 
a fundamental principal of engineering. 

Unit testing is the testing of individual functions or modules and 
represents the fust tier of validation. The scope of our discussion 
is restricted to this level. SuccessfW unit testing requires the 
isolation of processing in order to identifY missteps. Effective 
modulari2ation results in processing isolation. 

Well designed macros have a discrete task. The presence of 
processing boundaries Jends itself to a clear definition of the 
expected outcome ofa macro's input data. This feature can be 
leveraged to create reliable unit tests by constructing test 
harnesses (or scripts) that provide sample data in macro test calls. 
The resulting output can 1hen be compared with expected results 
to assess timction reliability. A suite of test cases representing the 
fWll3IIgt offunction inputs assures its stability. This process is 
repeatable and can be applied to higher modular levels to 
establish validation effectively. 

Summary" 

We have shown the application of a standard software design 
methodology to sAS" macro program structure and physical 
design. Significant gains in processing simplification and 
inteJpretation can be made using a formal approach in program 
development The resulting program structure is highly modular 
and easily applied to macro system constructIon. CASE tools 
provide a useful means of ICpI'CSeDling this structure and 
associating data elements. Functions created using this approach 
are easily maintained and highly testable. 
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