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ABSTRACT

In a typical statistical SAS® system, validations on user inputs and imputation on missing values using default values
are essential to ensure core system processes finish successfully without errors. This paper introduces a metadata
driven programming technique using SAS® for validations and imputations in SAS macros. It first explains how to
define validation rules as metadata for various types of inputs and how to store default values for missing values as
metadata using SAS syntax; then it illustrates how to utilize the defined metadata to automate validation and
imputation processes against user inputs. This metadata driven programming technique using SAS® eases our
system development by promoting efficiency, reusability, easy maintainability, and good coding consistency.

1. INTRODUCTION

Metadata driven programming technique contains two key concepts. First, what are the metadata and how to define
them. Second, how to utilize the defined metadata to drive system implementation. Next, | will explain how metadata
driven programming technique using SAS is brought into our SAS systems development.

G-Sam (Generalized Sampling System), a new statistical SAS system | am responsible for, has a very unique
situation; some SAS macros receives more than 20 different user inputs which need to be validated and imputed
before proceeds to the core system processes. User inputs can be library names, dataset names, string, or floating
point numbers. During prototyping, | quickly find out that by using IF THEN ELSE IF THEN statements, the block of
SAS code for validation and imputation becomes excessive. Furthermore changes on the excessive blocks of IF
THEN ELSE IF THEN statements become fragile since often unenclosed if statements are found; modifying existing
blocks of IF THEN ELSE IF THEN statements is always at risk to introduce new bugs when validation and imputation
rules need to be changed. It gets hard to accurately spot the full business rules for validation and imputation within
the excessive IF THEN ELSE IF THEN statements blocks. My investigation and research to find another alternative
to replace IF THEN ELSE IF THEN blocks ends up a new solution: use metadata driven programming technique for
validations and imputations. Validation and imputation rules can be defined in centralized metadata file and then the
defined metadata drives system implementation of validation and imputation processes. The already released G-Sam
system proves this technique efficient with high reusability, easy maintainability, and good coding consistency.

2. THREE LEVELS OF VALIDATIONS AND IMPUTATIONS

In G-Sam, the end products are a collection of pre-compiled SAS macros stored in SAS macro catalogs. Typically
when a SAS macro is to be built into G-Sam, | insist three levels of validations and imputations done in the SAS
macro, described below:

e At macro parameters level: First, macro parameters are validated against validation rules. If some macro
parameters are not valid, then error messages are printed into SAS log and the SAS macro exits with errors;
otherwise, missing optional macro parameters are set to default values. Then the macro can proceed to next
level of validations and imputations.

e At input datasets file structure level: At this level, input datasets must have correct file structures. If not, then
error messages are printed into SAS log and the SAS macro terminates with errors; otherwise, add optional
variables into input datasets with correct data types if they are not in input datasets. Then the macro can
proceed to next level of validations and imputations.

e At data level: At this level, the data inside input datasets are validated to be correct. If not, then error messages
are printed into SAS log and the SAS macro stops with errors; otherwise, impute default values for missing
values in input datasets. Then the macro can proceed to further system processing.

When user inputs passes these three levels of validations and imputations, the quality of user inputs are ensured and
thus further core system processing will encounter less problems.

The three levels of validations and imputations are required for many SAS macros. As mentioned in section 1, by
using IF THEN ELSE IF THEN statements, not only the blocks of code are excessive and hard to be maintained, but
also system implementation of validation and imputation processes becomes repetitive, robotic and time-consuming.
On the contrary, meta-data driven programming technique using SAS becomes a nature fit. First SAS allows code
generate through SAS macro facilities. This allows validation and imputation rules in SAS syntax format to be stored
in SAS macro variables and then be plugged into SAS data steps or SAS macros to generate code for validations
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and imputations. Second, by utilizing SAS macro facility and SAS data steps, it is easy to build generic SAS macros
for three levels of validations and imputations; then these generic SAS macros can be invoked in any SAS macro to
conduct its three levels of validations and imputations. So meta-data driven programming using SAS becomes a
nature fit for validations and imputations in statistical SAS systems. It saves systems development efforts and
promotes reusability, easy maintainability, and coding consistency.

3. METADATA DRIVEN PROGRAMMING FOR THREE LEVELS OF VALIDATIONS AND
IMPUTATIONS

Here, examples are used to explain how to define the three levels of validations and imputations rules as metadata
and furthermore how the defined metadata drives the implementation of validations and imputations processes.

Assume the following SAS macro $process1 is defined according to specifications. It receives a collection of user
inputs, runs its processing steps, and finally saves system results to output files.

“mmacro processliinDataLib=WORK,
inGlobalFParamecersFile=,
inFrameFile=,
inAllocationFile=,
inUpdateFlag=,
inPotationPate=,
ocunDatalib=T10RE,
outSampleFile=) ;

f¥processing-steps are hera®/

Aamend

3.1 AT MACRO PARAMETERS LEVEL

1) Define metadata on validation and imputation rules for macro parameters of SAS macro $processl

Here are validation and imputation rules for macro parameters of SAS macro $processl:

e inDatalib specifies the SAS library where all input files are stored and has to be valid; if missing,
inDatalibis setto SAS "WORK" library;

e outDatalib specifies the SAS library where output files are stored and has to be valid; if missing,
outDatalib is set to SAS "WORK" library;

e inGlobalParametersFile, inFrameFile, inAllocationFile specify input datasets names; these
datasets must exist in the input data library;

e inUpdateFlag specifies aflag; it has to be "YES" or "NO" or missing. If missing, itis set to "NO";

e inRotationRate specifies a floating number; it has to be between 0.0 and 1. 0;

e outSampleFile specifies an output dataset name;

The above rules can be easily translated into metadata in Table 1 and saved into a Microsoft Excel file. Note some
columns are written in SAS syntax format for code generation within validation processes.

MACRO PROCESSL inDatalib LIBRARY INPUT (supcase (&inbatalib) NE WORE and inDatalib <&inDatalib= isinvalid [WORK MO
Fupcase [ &£inbataLib) NE WORE1) and should be either WORK or
WORKL or missing
MACRO PROCESS1  [inGlobalPararmetersFile |DATASET INPUT VES
MACRO PROCESSL inFrameFile DATASET INPUT YES
MACRO PROCESSL inallocationFile DATASET INPUT YES
MACRO PROCESS]  [inUpdateFlag CHARACTER INFLIT NOT ($upcase [ginlpdateFlag) = TES or |inUpdateFlag=<&inUpdateFlagis
zupcase [ &inTpdateFlag) = NO) not valid%nrstri;] it should be
either ¥ES or MO or missing NO NO
MACRO PROCESSL inRotationRate MUMERIC INPUT Lsysevalf (finRotationRate<0.0) or inRotationRate =<&inRotationRatex
y@ysevalf (einRotacionRace > 1.0) is notvalid%nrstr(;) inRotationRate
should be>=0.0and «=1.0 YES
MACRO PROCESSL outDatalib LIBRARY QUTPUT WORK []s]
MACRO PROCESSL outiampleFile DATASET QUTPUT YES

Table 1: Metadata on validation and imputation rules for macro parameters of SAS macro $processl

For SAS macro %processl, the metadata in Table 1 is interpreted in this way:
e object_type:the type is “"MACRO”;
® object_name: the object name is “PROCESS1”;
e member_type: the type of information supplied by macro parameters and is used in validation process;
o If member_type is "LIBRARY", then the library provided by the corresponding macro parameter must exist
and its name must not be longer than 8 characters;
o I|fmember_type is "DATASET", then if the corresponding macro parameter specifies "INPUT" dataset name,
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then the dataset must exist and its name cannot be longer than 32 characters;
e member_name: the list of members are macro parameters of macro %processi;
o inDataLib and outDataLib: specify input and output library names;
o 1inGlobalParametersFile, inFrameFile, inAllocationFile, outSampleFile: specify dataset
names ;
o inUpdateFlag: specifies a character string (CHARACTER type);
o 1inRotationRate: specifies a floating point number (NUMERIC type);

e T10_type: specifies whether a macro parameter provides information for input or for output. This metadata is
used in validation process. For example, if a macro parameter specifies an input dataset names, then the dataset
must exist; but if it specifies an output dataset name, then no need to check whether the dataset exists or not;

e invalid_condition: specifies under what condition, a macro parameter is invalid; this metadata is used to
generate code and must be in SAS syntax format; take inDatalLib as an example, (%updase (&inDatalLib)
NE WORK and %updase (&inDatalLib) NE WORK1) means if inDatalLib is not equal to "WORK" or "WORK1",
then it is invalid;

e errMsg: describes what error messages to be printed into SAS log when invalid_condition is true

e default: specifies what is the default value for an optional macro parameter when it is missing

e required: specifies whether a macro parameter is mandatory or optional; this metadata is used for both
validations and imputations processes. For example:

o “inDataLib”is optional. During validation, it can be missing; during imputation, if missing, it is set to WORK;
o For all mandatory macro parameters, if missing, they are invalid and SAS macro stops;

2) Utilize metadata for validations and imputations on macro parameters of SAS macro $processl

Here are the major steps for validations and imputations processes on macro parameters of $processl.
e Step1:import metadata in the Excel file storing Table 1 into a SAS dataset work.macroParams_metaData

Silproc import datafile="L:%5L5 Global Forum' prograss)macroParsws wetadata.xlsx”
cut=work.macroParams_metalata dbms=xlsx replace:
sheet=macroparams_metadata;
getnatnes=Yes;

run;

e Step 2: build generic SAS macros for validations and imputations on macro parameters driven by metadata
defined in work .macroParams_metadata.
First the generic SAS macro %macroParamsValidation (inMacroName=) loops through each macro

parameter defined in metadata for s&inMacroName and invokes another generic SAS macro
$genericMacroParamValidation () to conduct validations and imputations on each macro parameter.

=l Tmacro mwacroParamsValidation (inMacroMName=) :
Flooal j conscCnt:
A*3gve the list of mwacro parasmwmeters from metadats file into macro variables* /s
data _null :
retain constrCount 07
set work.macroParams_metabata end=_esof:
where upcase (ohject namwe)] =upcase ("&inMacrollame")
n=strip( n }:
call sywputx ("paramInvalid condition™| |n,stripi{invalid condition)):
call symputx ("parawmErrMsg™| |n,strip{errMsg)):
call symputx ("paramilame™| | n, strip (menmber name) | ;
call symputx ("paramType™||n,strip (menber_type) | :
call symputx ("parambefaultc™| | n, strip (default) ) ;
call symputx ("paramBegFlag™| | n, strip (regquired) ) ;
call symputx ("I0 _type™||n,strip(I0_type]):

if _eof then
call symputx | foonscnt't, n)
run;
A% loop through all macro parameters to wvalidate them®/
zdo j=1 %to >cmpres(Lconscnt) ?
S *reset the mwissing walues for numeric type of parsmmeters®/
%1f Supcase | L&paramTypes&]) = NUMERIC and jsysfunc (cats (&, S&paranilamme&]) )= Sthen
Flet féparserlatone &£i=.

sgenericMacroParamWalidation|inMacroNamne=3upcase [ &inMacrolName) ,
paramType=fupcase (f&paramTypes]]) ,
paraniame=Lsparamiame ],
paranValue=ssysfunc (cats (£, S&paramlame£]) ),
paramBeqF lag=%upcase (£&paramRegF lags]j) ,
parambefault=%upcase (f&paramDefault£]j) ,
paramInvalid condition=g£éparamInvalid conditiong],
paramErrMsg=ssparamErrM=sge],
paramIOType=&&I0_typesi):

send;
“mend;
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Generic SAS macro $genericMacroParamValidation () performs the following validations and imputations:

o For mandatory parameters: they must not be missing, library and input datasets provided by them must
have rigth name length and exist, and invalid_condition is not true; otherwise, macro stops with errors;

o For optional parameters: if missing, impute to default values. If not, library and input datasets provided by
them must have proper name length and exist, and invalid_condition is not true, otherwise, macro
stops with errors;

/*generic wacro to validate macro input parameters®/
= 4macro genericMacroParsaValidationiinMacroNamwe=, paramNeame=, paraoeType=, paramValue=,
paramReqFlag=, paramDefault=, paramInvalid condition=, paramErrlsg=, paramIOType=);

$if Eparamiame = 3then Sreturn;

%if ($sysfunccountcibupcase (Ycmpres|tparsmType) ), LIBRARY DATASET CHARACTER NUMERIC, iv)) ne 0) %then %do;
Zput. ERROR: For macro <&inMacrolawe:, parsm type <&parawType> for param <éparsnlame> should be: LIBRARY DATASET CHARACTER NUMERIC;
%fgoto error;

tend;

$if gparamValue= %then %do;
%if gparamPeqFlag = VES $then S$do;
Zput. ERROR: For macro <&inMacroMawe:r, required macro paraweter of <&paramType> type <éparswlName: cannot be empty:
%goto error;
tend:
telse $do; /fparsm is optional, only DATASET type of param will not he set to defaul valuss*/
%1if gparsmType = DATASET %then
Sput WARNING: For macro <&inMacrolame:, macro parameter of <éparamTyper type <&paraniamer is empty:
3else %do; /*except DATASET type of param, all other parsws asre set to default valuss*/
%let &paranMame = &paramlefault;
sput WARNING: For macro <einMacroNawer, macro parameter of <sparamTyper type <éparanMamer is empty and set to default as <eéparamDefaults;
send;
tend;
tend; /¥end %if fparamValue= */
telse %do; /% sparamValue not empty*/
tif fparamType = LIBRARY %then %do;
%if %feval (% lengthidéparanValue. | >8) $then %do;
$put ERROR: For wacro <éinMacroName:, SA3 librarvy <&paranWaluer provided by paraw <&paramllawer is longer than 8 characters;
%goto error;
Send:
%if (%sysfunc (libref (EparanValus.))) %then $do;
$put ERROR: For wacro<finMacroMsme:>, SA% library <EparsmValue: provided by param <Sparamlame: does not exist;
$goto error;
send;
tgenericConstraintsCode () ;
%1f ferrorFlag=YES %then 3%goto error;
send; /*end $if sparamType = LIBRERY ...%/
selse 31f &parawType = DATASET 3then %do;
tif %eval ($lengthifparanValue.)>32) Sthen %do;
$put ERROR: For macro <&inMacroNawe>, 545 dataset nawe <éparanValue> provided by param <&paranllzwe> is longer than 32 characters;
$goto error;

send;
Stonly verify input datasett/
tif fparamIOType = INPUT and ($sysfunciexist [&paraniValue, data)) = 0) %then %do;

Yput ERROR: For macro <éinMacroName:, S43 Dataset <fparamWValuer provided by paraw <é&paramllamer does not exist;
$goto error;
tend:
tgenericConstraintsCode|);
%if ferrorFlag=YES %then %goto error}
send;/ *end %if sparamType = DATASET ...%/
$else $if &parsanType = CHARACTER OR  gparanType = NUMERIC $then %dc
tgenericConstraintsCode|);
%1f ferrorFlag=YE3 %then %goto error;
send;/end $if sparamType = CHARACTER ... %/
send;

sreturn;
terror: %let errorFlag=YES:
smend genericMacroParanValidation;

Sl#macro genericConstraintsCode();
$if fparamInvalid condition NE $then %do;
$1f gparamInvalid condition %then %do;
tput ERROR: For macro <&inMacrolawe>, EparamErrNsg;
tlet errorFlag=YES;
send;
tend;
mend;

e  Step 3: Utilize the above generic SAS macros to validate and impute macro parameters of macro $processl.
SAS macro $processl invokes %macroParamsValidation to conduct validations and imputations on its
macro parameters. Testing case 1 is to test a collection of valid and invalid macro parameter for $process1.
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S*define SA4% macro process1¥®/
“l#macro processli(inDbatalib=, inGlobalFParammetersFile=, inFraweFile=, indllocationFile=,
inUpdateFlag=, inRotationFate=, outDbatalib=, out3ampleFile= ) :
3 local macroName: %let macrollsme=FROCESZ1:
(local errorFlag: %let errorFlag=No;
Fput; %Tput NOTES: —-> smacrollsune starts:

tmacroParamsValidatbtion|inMacrollame=smacrolisme)
%if fLerrorFlag=YES %then %goto error;

J*more processing steps herew/
Zput; sput NOTES: —-»> smacroName finishes successiully:
Freturn;
Zerror: %put ERROR: —->&macrolawme stops due to list of errors:
amend processl;

/% testing code block hf
Fput; Fput WOTES: #*+%#%%7% Testing casel: Sone mScro parsmeters are not wvalid s s s s
libname inLilk "L:'™;
=ldata =sllocationFile:
ID=1:=i=ze=10;
rum,;
sprocessl (inDhatalib=inlLik,
inGlobalParametersFile=al234567591011121531415161718192021222,
inFrameFile=,
inAllocationFile=sllocationFile,
inUpdateF lag=,
inFotationRate=1.5,
outDatalikb=,
outSampleFile=outSample
1z

e  Step 4: review SAS log

MNOTES: *#*#%#%*#% Testing casel: some parameters are not valid#####xs

NOTES: --»> PROCESS1 starts

ERROR: For macro <PROCESS1>, inDatalib <inLib> is inwvalid and should be either WORK or WORKI1

ERROR: For macro <FROCES31>, 3RS dataset name <alZ345678%101112131415161718192021222> provided by

param <inGlobalParametersFile> i1s longer than 32 characters

ERROR: For macro <PROCESS1>, required macro parameter of <DATASET> type <inFrameFile> cannot be empty

WARNING: For macro <PROCESS1>, macro parameter of <CHARACTER> type <inUpdateFlag> 1s empty and set to default as <NO>
ERROR: For macro <PROCESS1>, inRotationRate =<1.5> is not wvalid; inRotationRate should be »>= 0.0 and <=1.0

WARNING: For macro <PROCESS1>, macro paramster of <LIBRARY> types <outDatalib> iz empty and s=t to default as <WORK>
ERROR: -->PROCEZ31 stops due to list of errors

In testing casel, a group of errors found on macro parameters and macro $processl stops due to errors; at
same time, optional macro parameters are set to default values and warning message are printed out. Here the
validation and imputation are done together for each parameter to avoid repetitive code since the code for
validations and imputations would be pretty similar.

3.2 AT FILE STRUCTURE LEVEL

After all macro parameters of SAS macro %process1 are properly supplied, now | move to file structure level
validations and imputations. Here | take input dataset s inGlobalParametersFile asan example.

1) Define metadata on file structure of sinGlobalParametersFile

Based on specifications, metadata for validations and imputations on input dataset s inGlobalParametersFile is
defined in Table 2 and saved into a Microsoft Excel file.

PROCESSL  |DATASET &inGlobalParametersFile |selheth CH&R NOT(selleth in ("SRS", "BERMOULL") or missing(selMeth)) |Selection method should be either TES
MISSING, or "$R$" or "BERMOULLI"

PROCESST  |DATASET &inGlobalParametersFile [start MU WOT(e=Start==1 or missingistart]) Starting point should be either [i] HO
MISEING or between 0 and 1

PROCESS1 | DATASET &inGlobalParametersFile |rotationRate (MUK YES

PROCESSL | DATASET &inGlobalParametersFile |direction CH&R NOT(direction in ("LEFT", "RIGHT") ar missing(direction))  |Direction should be either MISSING, |RIGHT [i1s]
or "LEFT" or "RIGHT"

PROCESSL | DATASET &inGlobalParametersFile |seed HU sesystuncitime()) |M©

Table 2: Metadata for validations and imputations on input dataset s inGlobaParametersFile

Note, in Table 2, | naturally combined metadata for validations and imputations both on file structures and on data in
input dataset sinGlobalParametersFile together. Only these columns are needed for file structure validations
and imputations: macroName, object_type, object_name, member_name, member_type, required.
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For dataset sinGlobalParametersFile, rotationRate and seed variables are optional; other variables are
mandatory; and each variable has its own data type indicated in member_type column.

2) Utilize metadata for validations and imputations on file structure of dataset sinGlobaParametersFile

Here are the major steps for validations and imputations on file structure of dataset s inGlobaParametersFile.
e Step 1: import metadata in a Excel file storing table 2 into work .DSN_metadata.

—Iproc import datafile="L:%SAS Global Forum) programs)fileStructMetadatas.xlsx”
out=work.D5N_mecabata dbms=xlsx replace:
sheet=fileltructMetadata;
getnames=Yes;
run;

e Step 2: build generic SAS macros $genericFileStructValidation (inDSN=, inMacroName=) to validate
and impute file structure of dataset s« inDSN according to its defined metadata. First the list of variable names in
&inDSN are stored in a macro variable sinDSN._varList; next a data step loops through each variable
defined in metadata for «inDSN and uses SAS index () function to check whether a required variable is in
&inDSN._varList. If yes, then check the variable type is correct or not. if not in «inDSN._varList, and if the
variable is optional, add this variable into «inDSN with proper data type and print out warning messages. (Note:
code example continues to next page).

/i meta—data driven file structure validations and imputations+®/
smacro genericFileStructValidation(inDSN=, inMacroNawe=)
%local NumChsl where_clause &indsn. regVarlist &indsn. regVarLiscl;

J¥get required variable names and varishle types from metadatat/
data work.£inD3N. regitruct;
set work.DSN_metalata
(keep=wacrolNsme cbject type object nawe werber name mwenber type required

end= eof:

where upcase (strip(macroName))] = upcase (strip("&inMacrollamz")) and
upcase (strip(resolve (object nawe))] = upcage [strip("&£inD3N")) and
upcase (strip (Object_type)] = "DATASET";

rename member homesvarnsme member TYpesvartype:
if _eof then call symputx ("NumObs1", n ):
run:

%1if %ewal (eMumChsl =0) %then %return;

/% Storing variable names from metadata into mwacro vars®/
proc sgl noprint:
select quotelupcase (stripivarName)) ), upcase (strip (varllame)
into :&indsn._regVarlist separated by " ", :&indsn. regVarLiscl separaced by " "
from work. &indsn. regitruct;

select upcase(strip(varName]) into :é&indsn. regVarlListl separated by " "
from work.&indsn. regitruct where upcase(strip(required))="YTE3":
ouit;

/TFor data step where clause®/
5let where_clause = ($sysfuncicatsié, éindsn. regVarList)));

/*ger the list of variables presented in inpur dacasec®/
proc contents data=work. &inDISH.

out=work.tindsn. structikeep=NAME TYPE] noprint;
Fun:

data work.&indsn. struct (KEEP=varnsme varType):
get WOrk.&indsn. struct:
where upcase(strip(nswe)] in &where_clause;

if type=2 then varType="CHAR";
else wvarType="NUNX";
FEnEame nemesvarname;

run;

/7 check whether all reguired wvarisbles and variables types are supplied®/
5local &indsn. wvarTypelist &indsn._wvarList;
proc sgl noprint:
select cats(upcase (strip(varNawe) ), ", upcase (strip (varType) )|, upcase (strip(varlame)
into :é&indsn. wvarTypelist separated by " ", :é&indsn._warlist separated hy " "
from work.&indsn. struct;
quit:

f*1if no mandatory variables presented in input file®/

5if ysysfunc(cats(&, &indsn. _wvarlist)) = %then $do:
Sput ERROR: In dataset <&inD3N», mandatory variables <" Sunquote (¥aysfuncicats(&, éindsn. regWarlistl))) "» are not presented;
fgoto error;

send;
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f*gome mandatory varisbles are presented in input f£ile®/
data _null ;
length varlist warTypelist wvarlddedList $500;
retain varList warTypelist wvarldddedList "7
retain errorCount 0;
et work. £inD3N. regitruct end=_eof;

if =1 then do;
wvarTypelistc=upcase (strip (symget ("&indsn. wvarTypelist™))):
varList=upcase (Stripisymget ("&éindsn. wvarlist")));
end;
if upcase (stripirequired)) = "YES"™ then do; /*mandatory wvariable®;
if index (varlist,upcase (strip(varName))]=0 then do:
put "ERROE: In <&inDSN> dataset, wvariasble <" wvarName "> is required and not presented®;
errorcCount=errorcount+1;
end;
else do; /*mandatory variable is in input file, then check its type®/
if index (varTypelist, cats(upcase (strip(varMName)])],"-",upcase (strip(varType)))]=0 then do:
put "ERROR: In <&£inDSH> dataset, wvarisbhle <" warlNaune "> should be of data type of <" wvarType ">
errorCount=errorCount+1;
end;
end;
end;

else do:; S*optional wariasble®/
F¥prepare statements to add optional variasbles if they are not presented in input file®/

if index(wvarList, upcase(strip(varMame)))=0 then do:

wvariddedList = catx (" ,",variddedlist, varlame) ;

wvarhddedList = catx (" ",varlddedList,varType):

put "WARNIMNG: In <&£inD3N> dataset, warisble <" warName "> iz not presented and added as <" wvarType "> type'";
end;
else do: /*optional variakhle is in input file, then check ics types/

if index (varTypelList, cats(upcases(strip(varlaane) ), "-",upcase (strip(varType))))=0 then do;

put "ERROR: In <&inDSN> dataset, wariable <" wvarName "> should be of data type of <" wvarType ">
errorCount=errorCCOunt+1;
end;
end;
end;
if _eof then do:
call symputx ("warlddedList™,variddedList)
call symputx ("errorCount”,errorCount) ;
end;
run;

F*add optional wvariskhles®/
%if &vardddedlist NE %then %do;
proc sSgl noprinc:
alter table work. £indsn add fvarbddedList;

cuit;
fend;
(1f fevaliferrorCount>0] %then %goto error;
Freturn;
ferror: %let errorFlag=YES;

amend ;

e Step 3: Utlize the above generic SAS macros to validate and impute file structure of
&inGlobalParametersFile. Macro %processl simply invokes $genericFileStructValidation.
Testing case1 is to test valid and invalid variables and their data types in input dataset globalParameters.

= wmacro processl(inDatalib=, inGlobalParametersFile=, inFrameFile=, inAllocationFile=,
inUpdateF lag=, inRotationRate=, ocutDatalib=, outSampleFile= ):
tlomal macroNsme: slet macroName=FROCESSL:
%local errorFlag: 3let errorFlag=NO:

sput; spuc NOTES: —-> swacroName starts;:
s macroParamsValidation | inMacroMNsme=smacroName)
%if gerrorFlag=YES %then Sgoto error:

sgenericFileStructWValidation (inDSN=sinGlobalParametersFile, inMacrolName=smacrolame) ;
%if gerrorFlag=Y¥ES sthen Sgoto error;

/*more processing sSteps here”/

fput: $put NOTES: —-> swacroName finishes successfully:

Lreturn;

serror: $put ERROR: —->&macroName stops dus to list of errors:
#zmend processi:

sput: spur NOTES: ###+##+Test casel: globalParswetsrs has wrong file structurssss:
/*only file structure of dataset globalParswmecers will he validacted #/
= data globalParameters:

selMeth=1; f7error: Wrong dats type®/
directionl="LEFT": A¥oprional wvariskle <direction> is miss-spelt as <direction 1>#%F
start=1.1; A*this is okay¥/
rotationRatel=0.2; #*error: wvariasble <rotationRate> is miss-spelt as <rotationBRatels>*/
usage=" Ardwmmy varisble iz okay to be in the f£ilew/

run;

S data infile; /*dummy file for other inpuc data files+/

selMeth=1;

run:

sprocessl(inDatalib=WORK,
inGlobalFParametersFile=globalParameters,
inFrameFile=infile,
inAllocationFile=infile,
inUpdateF lag=YES,
inRotationRate=0.0,
oucDatalib=TORKE,
cutSsampleFile=outfile ] :
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e Step 4: review SAS log

NOTES: ******Test casel: globalParameters has wrong file structure***

NOTES: —-> PROCESS1 starts
ERROR: In <globalParameters> dataset, variable <SELMETH > is reguired and not presented

ERROR: In <globalParameters> dataset, variable <ROTATIONRATE > iz regquired and not presented
WARNING: In <globalParameters> dataset, wvariable <DIRECTION > is not presented and added as <CHAR

> tvpe
WARNING: In <globalParamsters> dataset, wvariable <SEED > is not presented and added as <NUM > tybe
ERROR: ——>PROCESS1 stops due to list of serrors

The log shows that in globalParameters dataset, mandatory variables se1Meth and rotationRate are not
presented, and optional variables direction and seed are added with proper data type. Again, here
validations and imputations on file structure are conducted at the same time since the two processes are similar.

3.3 AT DATA LEVEL

After ensure all input dataset have the right file structures for macro %process1, | move to data level validations and
imputation inside each input dataset. I'll take input dataset s inGlobalParametersFile as anexample.

1) Define Metadata on validations and imputations for data inside sinGlobalParametersFile

In Table 2, only these columns are used for data validations and imputations: macorName, object_type,

object_name, member_name, member_type, default, required. The metadata is interpreted in this way:

e Variable selMeth is required and should be either "sSrRS" or "BERNOULLI";

e Variable start is optional and should be between 0 and 1 or missing;if missing, itis set to default value 0;

e Variable rotationRate is required and should be between 0 an 1;

e Variable direction is optional and should be either "LEFT" or "RIGHT" or missing; if missing, it is set to
default value "RIGHT";

e Variable seed is optional and can be missing; if missing, it is set to default value $sysfunc (time())*1000;

2) Utilize metadata for validations and imputations on data inside dataset &inGlobaParametersFile

Here are the major steps of validations and imputations on data inside dataset sinGlobalParametersFile.
e Step 1: import metadata in the Excel file storing Table 2 into a SAS dataset, shown in step 1 in section 3.2 -> 2;
e  Step 2: build generic SAS macros to validate and impute data inside an input dataset «inDSN;

fmacre genericDSNIetDefault (inMacroNamwe=, inDIN=):
s local j defExist;
%let inDSN=%cmpres (£inDSH) ;
Flet defExist =MNO;

% get the list of default wvaluss*/
data work. &inDSMN. metaData def:
set work.DSN_metalata end=_esof:
where upcase (strip (macroMawe)) = upcase ("finMacroNswe'™) and
upcase (stripiresolve (cbject_name))) = upcase ["£inDSN") and
upcase (strip{Cbject_typel) = "DATASET" and
(not missing(stripidefault)))

if (_=of and _n_>0) then
call symputx("defExist™, "YES") ;
run;
%1f gdefExist = NO :*then 3dor
sput NOTES: No default values to be applied to <&inDISN>:
Freturn;
zend;

/% save the list of default wsalues and other info into wacro variahles®/
data _null_:

retain constrCount 0;

set work. &inDSN. metaData def end= eof:

n=stripi(_n_):

call sywputx ("defStr”||n,resolve (strip(default)));

call symputx|"varlsme"||n,strip (member name] | ;

if _eof then call symputx{"defcnt",nj;
run:

47 generate the code to set default for missing values®/
data work.&£inDSN (drop=defcount) ;

retain defCount 0;

set work.&inDSN end=_eof:

$do jJ=1 Sto Scmpres|&defCnt);
retain defCount£j 0;
if missing(&svarMNames3) then do;
SevarName L. . =symger (TdefStcrei™)
defCountsj=defCount&j+l:
defCount = 1;
end;
if _eof and defCounté&j > 0 then do;
put "WARNING: In <&£inD3MN> dataset, default set to missing values on varisble <gévarlammesis=";
drop defCountel:
end;
send;
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The above generic macro %genericDSNSetDefault is to set default values for missing data values in
&inDSN. It stores default values for variables in &inDSN into a sequence of macro variables; then a data step
loops through each observation in &¢inDsSN, and within the loop, code is generated by using the sequence of
macro variables to set default values for missing data values for each variable.

The following generic macro $genericDataValidation () is to validate the data inside sinDSN. Note the
macro parameter keyID is a string containing the key columns forming the unique key for &inDSN. This keyID
parameter is used to identify at which observation, invalid data is found. This macro first stores the list of
validation rules into a sequence of macro variables; then in a data step on &inDSN, it generates code by using
the sequence of macro variables to validate data inside ¢inDSN and save invalid data in an output dataset.

smacro generichataValidation (inMacroMame=, inD3IN=, keyID=] ;
3local i 3 inwvalid conditionExist kewIDVar:
Zlet inDh3N=:icmpres(LinD3IIN)

%let invalid conditionExist =NO;
Zlet keylID = Zupcase (3cmpres(SkeyID));

A ¥oompose the waluses from the key wvariables of the input file®/
51if &keyID= %then %let keyID=_n
zdo i=1 F3to 3sysfunc (countcwi &EeyID) )

zlet keyIDWar=%cwmpres (3scani&keyID, £i)1]

2if Fewval(Li=1) *then %:let keyvIDWVarlList=%zsvsfunc (cats("&kevIDVar=",||, fkevIDWar)) .

telse

Flet keyIDWarlist=%sysfunc (cats("e&keyIDWar=", ||, &keyIDVar,||,"™ AND ",.| |, fkeyIDWVarList) ) ;

Fend;

A% get the list of walidation rules®/
data work. &inDSN. metabata cons:
set work.D3N metalata end=_eof;

where upcase (strip(macrolsmme) ) = upcase ("L&inMacrolaone™) and
upcase (strip(resolve (object_namwe) )] = upcase ("&£inD3N™) and
upcase (strip (Chject_type)]) = "DATALIET" and
inot missingisctrip(invalid condition))}]);
if (_eof and n >0) then
call symputx ("invalid conditcionExist™, "YES™)
rumn;
5if &imvalid conditionExist = NO Sthen %do;

zput NOTES: Mo walidation rules to be spplied to <&inDSN>:
Freturn;
Fend:?

A% gavwve the list of rules and other info into macro wvariables */
data _null :

retain invalid conditionCount 0O:

Set work. £inD3N. metabata cons end= eof:;

n=strip(_n_ )

call sywputx("invalid condition™| |n,stripiinvalid condition)):
call symputx (TerrMsg™| | n, strip(errMsg) ) ;
call symputx ("varlMame™| |n,strip (merber_name) ) :
if _e=of then call symwputx ("constnt',n)
rumn;

/% generate code to walidate the datsa against rules 7
data work. &inDSN. inwvalidikeep=errMsg wvarWithError keyID):
retain errorCount 0;
length errMsg $500 varWithError $40;
set work.&inD3N end=_eof:;

zdo jJ=1 %to >cmpres | LconsCnt)
retain errCount&j 0;
if &£&invalid condition&] then do:
wvarWithError = "fhouote (L&varlames]) '
errHsg="%bqthe(&&errMsg&j]":I
keyID= skeyIDVarList;
errCount&j=errCount £j+1;
errorCount = errorCount+errCount£j:;
output:
end;
if _eof and errcount&] > 0 then
put "ERROR: In <&£inD3MN> dataset, invalid data found on wvariable <&&varMasanes3s>":
Zend;
if _eof and errorCount >0 then do:
put "WARMNING: Flesse check <work. £inD3N. invalids for inwvalid data™:
call symputx [(ferrorFlagt, TYES™) ;2
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e Step 3: Utilize the above generic SAS macros to validate and impute data of sinGlobalParametersFile in
SAS macro $processl. Macro $process1 simply invokes $genericbDataValidation to validate the data
inside sinGlobalParametersFile and then invokes $genericDSNSetDefault to impute default values
for missing data values in sinGlobalParametersFile.

Testing casel is to test invalid data in input dataset globalParameters dataset. Testing case 2 is to test the
imputation on missing data values in globalParameters dataset.

=l #macro processl(inDatalilb=, inGlobalParametersFile=, inFrameFile=, inlAllocationFile=,
inUpdateFlag=, inRotationRate=, outDatalib=, out3asmpleFile= ) :
¥ local macrollame; %let macrolame=FPROCESS1:

3 local errorFlag: %let errorFlag=No;
Fput; put NOTEZ: —-»> &macrollsuone Starts;

smacroParamsWalidation|inMacrolame=£&macrollame)

%2if &LerrorFlag=YE3 :then %goto error;

sgenericFileStructValidation|(inD3MN=&inGlobalParametersFile, inMacroMame= &macrollame) 7

%2if &LerrorFlag=YE3 :then %goto error;

sgenericDataWalidation | inD3N=&cinGlobalParameter=sFile, keyID=, inMacrolName=£&macrollamme)

2

2if &errorFlag=¥ES %then %*goto error;

zgenericDSNSetDefault (inD3MN=&tinGlobalParametersFile, inMacroMame= &macrolame)

%2if &LerrorFlag=YE3 :then %goto error;
A *more processing steps here®/

put MOTEZ: ——> &macrolamme finishes successfully:
Yreturn;
error: %put ERROR: ——->&macrolame stops due to list of errors;

smend processl:

Zput; Zput MNOTES: #*#+**%+% Test casel: wvalidate data in globalParasmeters file *+%*;
data globalParasmeters=:

length selMeth §10 direction §10;

selMech="3R3"; direction=""; start=10; rotationRate=0.5; output:

gelMeth="": direction="LEFT"; start=0.2; output;

rumn;
=ldata infile:

selMech="LEFT";

rumn;

processlinDatalibh=WOREK,
inGlobalParameter=sFile=globalParasmmeters,
inFrameFile=infile,
indllocationFile=infile,
inUpdateF lag=YES,
inRotationRate=0.0,
outbatalilb=WOREK,
outSampleFile=ocoutfile

1

Zput; :Xput NOTES: ***%** Tezst caseZ: setting defaults in globalParasmeters file® %
data globalParsuneters;
length =selMeth $10 direction $10;
selMeth="3R3": direction=""; start=.; rotationRate=0.2; output;
elMeth="3R3"; direction=""; start=0.2; output;
run;
processlinDatalibh=WOREK,
inGlobalParameter=sFile=globalParasmmeters,
inFramwmeFile=infile,
indllocationFile=infile,
inUpdateF lag=YES,
inRotationRate=0.0,
outbatalilb=WOREK,
outSampleFile=ocoutfile

1
e  Step 4: review SAS log, invalid data, and data imputed

Here is the SAS log for testing case 1: there are invalid data found on variable start and the invalid data is
saved into work .globalParameters_invalid.

10
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MOTES: ****** Test casel: validate data in globalParameters file ***

MNOTES: --» PROCESS1 starts

WARNING: In <globalParameters> dataset, wvariable <seed > 1s not presented and added as <NUM > Lype
ERROR: In <globalParameters> dataset, inwvalid data found on wariable <start>

WARNING: Please check <work.globalParameters_invalid> for invalid data

ERROR: —-—->PROCESS]1 stops due to list of errors

By examining work .globalParameters_invalid, | find that the first record in work.globalParameters
input file has wrong value for variable start as 10, which should be between 0 and 1.

GLOBALPARAMETERS_INVALID ~

<y | i Filter and Sort Bl Query Builder | Data - Describe - Graph - Analyze - | Export - Send To -
errMsg l@ varwithEmor l@ keylD |
1 |Staning point should be either MISSING or between 0 and 1 inclusive Istart E_n_= 1

Here is the SAS log for testing case 2: First, the input file passes data validations, then missing values are set to
default for variables seed, start, and direction.

NOTES: ****%%% Test caseZ: setting defaults in globalParameters file*#**

NOTES: —--> PROCESS1 starts

WARNING: In <globalParameters> dataset, wvariable <seed > i3 not presented and added as <NUM > type
WARNING: In <glokbalParameters> dataset, default set to missing wvalues on variable <start>
WERNING: In <globalParameters> dataset, default set to missing walues on wvariable <direction:>
WAERNING: In <globalParameters> dataset, default set to missing values on variable <seed>

NOTES: —--> PROCESS1 finishes successfully

By comparing the data in globalParameters dataset before and after imputation, | can verify that the
imputation is done properly. Note, default value for seed is generated by time () function which changes
depending on when the generic macro $genericDSNSetDefault is invoked.

Before imputation After imputation:

A selMeth | direction @ start @ rotationRate I selMeth |A  direction (@ start i@ rotationRate ) seed
1 [SRS 02 1 |SRS RIGHT 1} 0.2 16525.114
2 |SRs 0.2: 0.2 2 [SRS RIGHT 0z 0.2 16525.114

3.4 PORTABILITY AND REUSABILITY

Generic SAS macros described in 3.1, 3.2 and 3.3 for three levels of validations and imputations using metadata are
portable and reusable. I'll take another example to explain this. Here a new macro $process2 to be built:

fTmacro processZ (inDatalib=, instartingWaluesFile,
outDatalib=,outlkllocationFile=) ;
A *¥processing steps here®/
Fmend ;

To conduct the three levels of validations and imputation for $process2, the only work to be done is to define its
metadata properly and append them into the same Excel files where metadata for macro $processl are stored;
then re-import the Excel files. Then macro %process2 simply invokes these generic SAS macros
$macroParamsValidation, $genericFileStructValidation, $genericDataValidation,
$genericDSNSetDefault by feeding them with proper information. No other system coding efforts are required.
This greatly shortens development time for validations and imputations processes in macro $process2.

Next, major steps of conducting three levels of validations and imputations for macro $process2 are explained to
prove it is very easy to implement it.

e Step1: Define metadata for three levels of validations and imputations for SAS macro $process2.

The metadata for its macro parameters in Table 3 explains that inDatalib and outDataLib are optional
macro parameters specifying library names; inStaringValuesFile and outAllocationFiles are
mandatory macro parameters specifying dataset names.

MAACR O PROCESS2 inDatalib LIBRARY IMPUT DR K g Le]
MACRO PROCESSZ2 instartingvaluesFile DATASET INPUT YES
MACRO FROCESSZ outDatalib LIBRARY QUTPUT WORK [{[e]
MACRO PROCESS2 outsllocationFile DATASET QUTPUT YES

Table 3: Metadata for validations and imputations on macro parameters of macro $process2

11
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The metadata for one of the input dataset ¢«inStartingValueFile in Table 4 includes both metadata for file
structure and for the data. Variable StratID is mandatory and is numeric data type and must be integer.
Variable size is optional and is numeric data type, and its default values is 1.

PROCESS2  |DATASET &instartingvaluesFile |[stratiD NURA MNOTlint{stratlD)=stratI D) «strati D= has to be aninteger YES

PROCESS2  |DATASET &instartingvaluesFile |[size MURA [size=1000 or size<1) and notimissing(size)) [=sizex has to be between 1 and 1000 or missing |1 [i1s]

Table 4: Metadata for validations and imputations on input dataset sinStartingValulesFile

e Step2: re-import metadata Excel files into SAS datasets (Table 3 is appended to the same Excel file storing
metadata in Table 1 and Table 4 is appended to the same Excel file storing metadata in Table 2)

e  Step3: reuse generic SAS macros to conduct three levels of validations and imputations for $process2.

Below is the code example. Note that in macro $process?2, first $macroParamsvalidation () validates and
imputes macro parameters of $process2; next $genericFileStructvValidation () validates and imputes
file structure of sinStartingValuesFile; next $genericDataValidation () validates the data inside
&inStartingValuesFile, and at the end $genericDSNSetDefault () imputes default values for missing
values in sinStartingValuesFile. Four testing cases is built to test validation and imputation processes.

Smacro processzZ (inDatalib=, instartingWaluesFile=,
outDbatalib=,ocutlillocationFile= ) ;
Flocal macrollams; % let macrolNamse=PROCESSZ;
flocal errorFlag; %let errorF lag=NO;

Fput; Fput WOTEI: —-> smacrollams Starcs;

fmacroParamsWalidation | inMacr olName=smacyolame) 2
%if &errorFlag=YES %then %goto error;

sgenericFilesStructValidation(inDSN=sinstcartingWaluesFile, inMacroName=smacroMame) 2
%if &errorFlag=YES %then %goto error;

sgenericPDataValidatrion|(inD3N=finstartingWValuesFile, keyID=stratcIl, inMacroN=ame=&macrollame]
%if &£errorFlag=YEZ *then %goto error:

sgenericDSNSetPefanl bt (inD3N=sinstartingWValuesFile, inMacroN=ame=smacroMame) ;
%1f &LerrorFlag=YES %then $goto error;
A *more processing steps here /s
Fput NOTES: —-> Lmwacrolaune finishes successfully:
Freturn;
ferror: 3%put ERROR: —-r&macrolasunse stops duese to list of errors;
smend processZ;

Zput; Hpuc NOTES: #*#*#*#%% Test casel: wvalidate macro parauns of processz #%*%;
SprocessZinbatalib=abcdefghiik,
instarctingValuesFile=abodefghijklmhopgrstuvwxy=123456790,
outDhatalib=_,
outhllocationFile=allocFile) :

Zput; Hpuc NOTES: #*#*#*#%% Test caseZ: wvalidate file structure of indStartingWalussFile *%*;
data startingWValusesFile;

stracIDl=10; si=ze=50; output; /*mis-spell stracID to sScracIDhl*/

stracIDl=20; size=30; oucpurt;
rumn;

Zprocess2(inDactalib=WORE,
instartingValuesFile=startingValuesFile,
outDatalib=,
outdllocationFile=allocFile) ;

Zput; Hpuc NOTES: ###%%#% Test caseld: data inside inStarcingWValuesFile ###%;
data startingValuesFile:

stractID=10; size=5000; output; *Error: size is not walid®/

stratcID=20; =ize=.:; output:;

stratID=3.5; =size=.; output: S*Error: stratlIl is not an integer S
run;

sprocessZ(inbatalib=WCoRE,
instartingValusesFile=startingValussFile,
outDatalikb=,
outillocationFile=allocFile) ;

Zput;
Zput WNOTES: *#*#%*% Test cased: impute default valuss for missing wvalues in inStartingValuesFile *#%*;
data startingWValusesFile;
stracID=10; sSize=1000; outcput;
stracID=20; si=ze=.: oucpuc; J*Warning: size is ser to default wvalue 1%/
rumn;

Zprocess2(inDactalib=WORE,
instartingValuesFile=startingValuesFile,
outDatalib=,
outdllocationFile=allocFile) ;
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e Step 4: Review SAS logs

In testing case 1: a list of macro parameters errors are found and macro $process2 stops with errors;

NOTES: ****** Test casel: validate macro params of processz *%*

NOTES: —-> PROCESSZ starts

ERROR: For macro <PROCESSZ>, 3AS librarv <abodefghijk> prowided by param <inDatalLib> i= longer than €
characters

ERROR: For macro <PROCESZSZ>, SAS dataset name <abcdefghijklmnopgrstuvwxyzlZ2456790> provided by param
<instartingvaluesFile> is longer than 32 characters

WARNING: For macro <PROCESS2>, macre paramster of <LIBRARY> Tvpe <outDatalib> iz empty and set to
default as <HWORK>

ERROR : ——>PROCESSZ stops due to list of errors

In testing case 2: all macro parameters are provided properly, but errors are found in file structure of input
dataset sinStartingValuesFile; $process2 stops with errors;

NOTES: *###*%% Test caseZ: validate file structure of inStartingValuesFile #+%

NOTES: —-» PROCESSZ starts

WARNING: For macro <PROCESSZ2>, macro parameter of <LIBRARY> type <outDatalib» is empty and set to
default as <WORKX>

ERRCE: In <startingvaluesFile> dataset, wvariable <stratID > is required and not presented

ERRCOR: --»>PROCESSZ stops due to list of errors

In testing case 3: all macro parameters and input datasets file structure are provided properly, but errors are
found in data in input dataset ¢« inStartingValuesFile. %process2 stops with errors;

NOTES: ****** Test casel: data inside inftartingValuesFile *#*

NOTES: --» PROCESSZ starts

WARNING: For macro <PROCESSZ>, macro parameter of <LIBRARY> type <outDatalib> is empty and set to
default as <WORIK>

ERROR: In <startingvValuesFile> dataset, invalid data found on variable <stratlD>

ERROR: In <startingvaluesFile> dataset, invalid data found on variable <size>

WARNING: Please check <work.startingvalueszFile invalid> for invalid data

ERROR: —-—>PROCEZSZ stops dus to list of errors

In testing case 4: No validation error is encountered in the three levels of validations and $process?2 passes all
validations and imputations successfully;

NOTES: ****+% Test cased: impute default values for missing values in inStartingvaluesFile ##%*

NOTES: --» PROCESSE starts

WARNING: For macro <PROCESSZ>, macro parameter of <LIBRARY> type <outDatalib> is empty and set to
default as <WORK>

WERNING: In <startingWaluesFile> dataset, default set to missing wvalues on variable <size>

NOTES: --» PROCESSZ finishes successfully

The three levels of validation and imputations for the new macro $process2 becomes very simple by reusing
the existing generic SAS macros shown in 3.1, 3.2, and 3.3. This greatly eases our system development.

4. BENEFITS

G-Sam system is released for user testing already, in which metadata driven programming technique is used for

three levels validations and imputation in SAS macros. Based on my experience, here are key benefits gained:

e Efficiency in system development: the lines of code for three levels of validations and imputations are
shortened significantly. Also efficiency is gained by reusing generic SAS macros for three levels of validation and
imputations.

e Reusability: one aspect is that generic metadata driven SAS macros for validations and imputations can be
ported to any other SAS systems. Another aspect is that developers' knowledge of meta-data driven
programming can be reutilized in other SAS® systems development once they understand it well.

¢ Easy maintainability: when validation and imputation rules are changed, required changes on system side are
only in metadata files and no system processing code needs to be modified. This eliminates the risk of
introducing new bugs into existing system and makes it easy to maintain the processes of validations and
imputations. Since validation and imputation rules are centralized metadata files, it is easy for users and system
developers to examine the full business rules of the system globally.

e Consistency: Cross the whole systems, validations and imputations are done in a consistent way. It makes easy
for new resource to understand the processes of validations and imputations.
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e Modularization: The metadata on validations and imputations are defined in template Excel files, then the files
are imported into SAS datasets for utilization. A metadata maintainer can be trained to be central expertise for
defining the metadata using SAS syntax without needing knowing systems processes. Then he can also take
care of the generic meta-data driven SAS macros and insert the block of template code for validations and
imputations to create a pre-template SAS macro for any new SAS macros to be built. Lastly, other developers
can focus on building the main system processes by using the pre-template SAS macros. Modularized system
development can save development efforts also and ensure the systems to be easily maintained..

5. LIMITATIONS AND CHALLENGES

e Since metadata is imported into a dataset. | need to interoperate two datasets: the metadata dataset and the
user input datasets. In our implementation, the values in one of the dataset will be saved into a list (macro
variables separated by a delimiter or a sequence of linked macro variables). Then utilize this list within a data
step of another dataset.

e To ease system coding, constraints and defaults have to be written in SAS® format. based on my experience, it
is better have one person to take care of defining metadata to ensure its correctness and consistency. a junior
SAS® programmer can be easily trained to do this and a senior developer or project leader should always review
the metadata before they formally used by the team.

e There are always exceptions when validation and setting default are not straightforward and metadata cannot be
easily abstracted. For example, if a variable's default value is based on data from another input dataset, then the
default value cannot be register into the metadata. Setting default for this variable has to be done outside the
metadata driven imputation block. It is essential to analyze systems specifications carefully in order to utilize
meta-data driven validations and imputation at maximum to gain its benefits.

6. CONCLUSION

This paper demonstrates how metadata driven programming technique is used for three levels of validations and
imputations when building SAS macros. Through examples, step by step explanation is given to help readers fully
understand this technique. Then, the paper illustrates how this programming technique can ensure strong reusability,
easy maintainability, and good coding consistency, thus shortens system development efforts. Lastly, challenges and
benefits are summarized.
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