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ABSTRACT

SAS® 9.4 introduced extended attributes, which are name-value pairs that can be attached to either the data set or to
individual variables. Extended attributes are managed through PROC DATASETS and can be viewed through PROC
CONTENTS or through Dictionary.XATTRS. This paper describes the development of a SAS® Enterprise Guide
custom add-in that allows for the entry and editing of extended attributes, with the possibility of using a controlled
vocabulary. The controlled vocabulary used in the initial application is derived from the lifecycle branch of the Data
Documentation Initiative metadata standard (DDI-L).

INTRODUCTION

SAS 9.4 introduced extended attributes — (name, value) pairs which can be attached to either datasets or variables.
These are stored with the dataset (in an auxiliary file) and in this way allow for the inclusion of metadata as a part of
that dataset. (see Olson 2013, or Hemedinger 2013). Before this innovation the only option for storing metadata to be
transmitted with a file was to place it into an external file (or dataset). Now, a wide range of metadata can be included
in a dataset: variable descriptions, the text of a survey question, the universe from which a measure was taken,
measurement units, the funding source of a study and more.

Extended attributes are managed through PROC DATASETS as shown in the example below.

proc datasets 1ib=SASDATA nolist ;
modify MYSASDATA2_XA ;
XATTR SET VAR fee (Question="How much did you pay?") ;
XATTR SET VAR fee (MeasurementUnits="Total payment in Euros.") ;
XATTR SET DS Abstract="dataset abstract’;
Extended attributes can also be viewed with proc contents, as seen in Figure 1.

Alphabetic List of Extended Attributes on Variables
Extended Attribute |Attribute Variable Numeric Value Character Value

iMeasurementUnits fee ) Total payment in Euros.
Question fee . How much did you pay?

Alphabetic List of Data Set Extended Attributes

Numeric
Extended Attribute Value Character Value
Abstract ) dataset abstract

Figure 1 - Viewing Extended Attributes with Proc Contents

Managing extended attributes with PROC DATASETS offers great flexibility. For many data creators, e.g.
researchers, writing PROC DATASETS code may not be the most approachable technique for entering metadata. In
addition, the unrestricted nature of the attribute names can pose challenges for data discovery and for machine
actionability of the metadata. Providing some way of offering an extensible controlled vocabulary for the attribute

names is desirable. This could be done through
some Web interface, but it also can be done
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Enterprise Guide offers the ability to integrate add-
ins which can read and write SAS datasets, run
SAS code, and generate output files. Add-ins are
.Net applications written in C# or Visual Basic.
Hemedinger (2012) has written a useful guide to
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development of an EG add- in for managing

extended attributes. Display 1 - Invoking an EG Add In



THE EXTENDED ATTRIBUTES ADD-IN

The initial version of the Extended : _ =
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(see the upper right side of Display 2).

Enter an Aftribute Value for the Variable/Atribute Combination
The user selects either the dataset, as Loy Hayie

seen in Display 2, or a variable name (not |
shown) from the “Select a Variable” drop '
down box.

The user then selects either an attribute DoIRs
name from the controlled vocabulary or
enters a new attribute name. Definitions
for the predefined attributes are displayed —
in a Glossary tab. Once the attribute (sObichishis]  |wEancal
name is selected the user enters the i

EnterAmibuie | | Delete Afiibute

attribute value. In the Display 2 example
the dataset is given the attribute “Creator”
with the value “Larry Hoyle”. Clicking the
“Enter Attribute” button adds the (name, value) pair to the list being generated.

Display 2 - The Edit Screen of the Extended Attributes Add-In

In this version of the add-in the dataset and variable attribute names are compiled into the add-in code as in the list of
variable attributes in the code below. These lists could be implemented as a user-configurable option.

// The controlled vocabulary for variable attribute names

public List<string> variableAttributes = new List<string>()

{ "AccessRights", "Additivity", "AggregationMethod", "AnalysisUnit",
""CategoryStandard", '"‘Concept', "Description"
"Embargo', "Variableldentifier”,
"ImputationDescription”, "LevelOfMeasurement"
"MeasurementUnits', "Notes', "ProcessingDescription’, "Question",
"RelevantFormats™, "Role', "Scale', "SourceUnit"”
"Universe", "WeightVariable™

};
Another tab allows the user to test and
VIEW the SAS COde and |Og for the PROC 85 Explore or Set Extended n:lnbulm : H\H
DATASETS being generated by the Edu_|[TestSAS! Propaes | D00 | Codebooke| Gloasary

SAS Program

choices made in the Edit tab.

data SASDATAMYSASDATAZ_XA set SASDATAMYSASDATAZ run:
tile ‘Centants of the Revised Datasefl proc datasets lib=SASDATA nalist
modify MYSASDATAZ XA |

XATTR SET VAR avocado (Embargo="embarga’) .
XATTR SET VAR avocado (Addivity="additivity)
¥ATTR SET VAR svocado (Pr ingDescripions"processing’) :
XATTR SET VAR avocado [Ag senMuthod="sggregation’]
XATTR SET VAR avocado (Scale="10007
¥ATTR SET VAR avocado (Measurementinitss'umits’)
¥ATTR SET VAR avocado (WeightVanable="wesghtvar’) .
¥ATTR SET VAR avacado (Question="qu
XATTR SET VAR perceniTime (Rale=
¥ATTR SET VAR svocado (CategoryStan

d="extemal standard’),

XATTR SET VAR petcentTime (MeasurementUnits="propartion formatted a5 percent) |
SASLog
t1 The SAS System 10:54 Friday. September 12 2014 -
t =
51 ==} quittun,
22 OPTIONS PAGEND« MM
53

54 data SASDATAMYSASDATAZ XA sel SASDATAMYSASDATAZ rum,

n

n NOTE: There were 10 ocbservatons read from the data set SASDATAMYSASDATAZ
nNOTE: The data set SASDATAMY! TAZ_XAhas 10 observabons and 16 vanables.

n NOTE: DATA statornent used {Total process bme)
n realtime 003 seconds
n  cputime 0.03 seconds o

Run SAS Update

(oK Finish_] Cancel

Display 3 - The Generated Proc Datasets
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The Codebook tab allows the user to generate a
codebook, currently an XHTML file. The codebook
includes not only extended attributes, but also all
other metadata that can be gathered from Dictionary
tables and current defined and assigned formats and
informats, as well as either statistics or frequencies
depending on the cardinality of the variable as
compared to the cardinality of its assigned format.

Frequencies are generated for numeric data if all
discrete values are individually labeled by a user
format. Mean, standard deviation, etc. are generated
for other numeric variables.

THE DATA DOCUMENTATION
INITIATIVE METADATA STANDARD
(DDI)

DDI (see DDI 2009) is an established metadata
standard for the social and behavioral sciences and
can be useful in other disciplines. The lifecycle
branch of DDI offers a structure for metadata
generated throughout the data lifecycle. Archives
such as ICPSR use DDI to structure their metadata
as do multiple national statistical agencies. Since the
add-in described here uses a set of attribute names
corresponding to DDI elements, it is possible to
generate a DDI3.2 file in addition to the codebook.
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@ file:y///C./Ddrive/projects/various/SAS_DDI32; - »

File Edit View History Bookmarks Tools Help

Weather KU

»

Latest Headlines Google News Ipsr ¥

»

11 Variable: fee

Label:
SASFormat:

Fee in Euros
EUROX102

Writes numeric values with a
leading evro symbol (E), a period
that separates every three digits,
and a comma that separates the
decimal fraction

FormatDescription:

Type: Numeric, internal bytes : £
Transcode: yes

SortedBy: 0
Represents:

ctended attributes

111

Currency-euros

MeasurementUnits:

Question:

Total Payment in Euros
How Much did you pay?

Statistics: fee

Statistic Value
Max 11000
Mean 7142.85714285714]
Min 2000 -

Display 4 - The Codebook Tab

While the add-in metadata are

-

structured as a set of simple key-
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value pairs, the structure of a DDI

|Edit |TesLSAS Properties‘ DDI32 ‘Codebook Glossary

instance is much more complex.

The add-in provides both a
suggested set of keys and
programming logic to transform the
key-value pairs into the hierarchical
DDI structure. Display 5 shows a
snippet of DDI code generated by
the add-in.

While the current versions of DDI
are defined via XML schema, the
next version of DDI (DDI4) will be
defined by an abstract model,
viewable in UML. This will allow
expression in both XML and
Resource Description Framework
(RDF). The DDI Alliance also is
developing a vocabulary for data
discovery in RDF. A DDI4 based
EG add-in could produce either
XML or RDF.

As with the codebook, both the
extended attributes and the other
metadata collected from the SAS
dataset (variable labels, integrity
constraints, formats, etc.) can be
included in the DDI file. For more
about representing metadata from

DDl Lifecycle 3.2

<ddi:Fragmentinstance xmins:a="ddi:archive:3_2" xmins:c="ddi:conceptualcomponent3_2"

="hitp://purl.org/dc/elements/1.1/" xmins:l="ddi:logicalproduct3_2" xmins:m4
="ddi:physicaldataproduct_proprietary:3_2" xmins:p="ddi:physicaldataproduct3_2"
xmins:pi="ddi:physicalinstance:3_2" xmins:r="ddireusable:3_2" xmins:s="ddi:studyunit3_2"
xmins:xsi="http:/fwww.w3.org/2001/XMLSchema-instance"s
=ddi:-TopLevelReference>
<rURN=URN:DDIUS.IPSR:953a292d-8633-4f24-3295-319dbb 109b02:1.0</r URN>
<rAgency>USIPSR</rAgency>
<r|D>953a292d-563a-4f24-a293-319dbb109b02</rID>
<rVersion>1.0</r\Version>
<r. TypeOfObject>Physicallnstance</r. TypeOfObject>
</ddi:TopLevelReferences
<ddi:Fragment>
<c:Universe>
<rURN>URN:DDIUS IPSR:92e1d534-623b-4f63-9269-1545f30514b9:1.0</rURN>
<rAgency>US IPSR</rAgency>
<rID>92e1d534-623b-4{69-9269-1545f30514b%</r D>
<r'\Version=1.0</rVersion>
<c:UniverseNames
<r-Sting=Universe for the variable avocado</r String|
</c:UniverseNames
<rLabel>
<r.Content>universe</r Content>
<r.TypeOfLabel=UniverseLabel</r TypeOfLabel>
<irl ahals

Generate DDI3.2

-
xmins:d="ddi:datacollection:3_2" xmins:ddi="ddi:instance:3_2" xmins:de="http://purL.org/dcfterms/" xmins:dc2 =

OK -Finish

]

[ Cancel

Display 5 — Example metadata structured in DDI3.2

a SAS dataset in DDI see Hoyle and Wackerow 2008.




DEVELOPING THE ADD-IN

The custom task add-in was developed in Microsoft Visual Studio. The project contains three main files:
ExtendedAttributesForm.cs, ExtendedAttributesSettings.cs, and ExtractMetadata.sas. In Visual Studio the
form file works together with a visual design tool to develop the user interface. The form file contains the
classes for initializing the controls in the form and for handling events generated as the user interacts with
the form. The Settings file contains the classes having methods and data structures that do the work of
the application. The SAS file contains SAS code that scrapes metadata from the dataset.

In Enterprise Guide the user first selects a dataset and then starts the add-in. Custom task APIs provide
access to the library and dataset selected. The variable selection drop-down list can then be populated by
a query to DICTIONARY.COLUMNS. Any existing extended attributes can be captured by a query to
DICTIONARY.XATTRS. The application makes use of several hashtables. One hashtable contains the
extended attributes read from the initial dataset and entered by the user. In this hashtable the key is the
variable name and the value is an (attribute name, value) pair stored as a structured string. The code
below shows the class which loads extended attributes from the initial dataset into the hashtable.

private void LoadAttributes()
{
SasServer sasServer = new SasServer(ActiveServer);
datasetVariableName = Settings.getDatasetVariableName();
using (_connection = sasServer.GetOleDbConnection())

try
{
_connection.Open();
String attrQuery = String.Format(‘'select * from
DICTIONARY .XATTRS where xtype=“"char® and libname="{0}" and
memname="{1}" ', ActivelLibrary, ActiveMember);
OleDbCommand command = new OleDbCommand(attrQuery,
_connection);
using (OleDbDataReader dataReader = command.ExecuteReader())
{
int fields = dataReader.FieldCount;
logger. InfoFormat(** Loading the Hash Table™);
while (dataReader.Read())
{
// field 2 is variable name
//field 3 is extended attribute name
string KeyVarName = dataReader[2].ToString();
iT (KeyVarName == """) KeyVarName =
datasetVariableName;
string VarAttrKey =
Settings.PackVarAttrKey(KeyVarName,
dataReader[3] -ToString());
//Tield 6 is extended attribute value
Settings.hashVarAttrs_Add(VarAttrKey,
dataReader[6]-ToString());
string unpackedVar;
string unPackedAttribute;
Settings.UnPackVarAttrKey(VarAttrKey, out unpackedVar,
out unPackedAttribute);
//check to see if this attribute name is already in
the list for the comboBox, 1f not add it
if (unpackedvVar == datasetVariableName)

if (1
Settings.datasetAttributes.Contains(unPackedAttribute))

{
Settings.datasetAttributes.Add(unPackedAttribute);
}



else

it (!
Settings.variableAttributes.Contains(unPackedAttribute))
{
Settings.variableAttributes._Add(unPackedAttribute);
}
}
}
}
catch (Exception ex)
{
logger. InfoFormat(*'/*Error trying to read input data: {0} */
\n"", ex.Message);
}

}

// reload the combo box, since there might be user defined attributes
in the dataset

LoadDatasetAttributeNames();
}
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Preserving Settings
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When the add-in closes it runs a PROC DATASETS e .

to add the extended attributes to a new copy of the e AYSASDATAZ XA Oumbers

dataset. <DatasetAttributeElements> =
<D, i lement>BibliographicCitation</D: emen
<D i bstract</D nt:

Enterprise Guide retrieves the SAS code through a @ iouteE ement Tite-/bata o

call to a specific method. It also needs to be able to o tbuteElemenc Atismatve Tile</DamserrbueElement>

restore the state of any critical data structures.

H D: tAttributeEl -
These are preserved in an XML structure that can be NorsbieAmbgeTlomante
Viewed in the “Pl’Opel’tieS” tab <Variabl lement Rights</VariableAtiributeElement>

<VariableAtributeElement>Additivity</VariableAttributeElement>

<VariableAtribute Element-AggregationMethod</VariableAttributeElement=
“Marizhla hesisl Init< >

<VariableAftributeElement>Minimum</VariableAttributeElement>
</VariableAtributeElements>
<XATTRs>
<XATTR>
<XVariable>avocado</XVariable>
<XName>Embargo</XName>
<XValue>embargo</XValue>
<XATTR>

Display 6 - The properties needed for the final Proc
Datasets
SAS Code

Since this add-in runs within the Enterprise Guide environment it can generate and run SAS code. The add-in does
this for two purposes. On closing the task runs SAS code to add all of the extended attributes to a copy of the original

dataset. One method generates a PROC DATASETS to do this. This method can also be invoked from the “Test
SAS” tab shown in Display 3.

The other SAS program is contained in the ExtractMetadata.sas file. This code first runs a PROC FORMAT cntlout=
procedure to capture all of the currently defined formats and informats. It then runs a DATA step which builds a
dataset adding descriptive metadata to some of the predefined SAS formats. Some formats convey information about
a variable to which they are associated. An example would be the Euro format. A reasonable assumption about a
variable formatted with this format is that it contains a value with measurement units of “currency in Euros”.



The ExtractMetadata program then extracts data from DICTIONARY.COLUMNS, DICTIONARY.XATTRS,
DICTIONARY.TABLES, DICTIONARY. CONSTRAINT_COLUMN_USAGE, and DICTIONARY.LIBNAMES. It
combines all of this metadata into a dataset (work._ColumnMetadata) comprising a comprehensive description of
each variable, including information from associated SAS supplied and user formats. The structure of the dataset is
shown in Output 1.

create table WORK._ COLUMNMETADATA( bufsize=163840 )

libname char(8) label="Library Name-",
memname char(32) label="Member Name-,
memtype char(8) label="Member Type-®,
name char(32) label="Column Name®,
type char(4) label="Column Type-®,
length num label="Column Length-®,
npos num label="Column Position",
varnum num label="Column Number in Table",
label char(256) label="Column Label",
format char(49) label="Column Format",
informat char(49) label="Column Informat®,
idxusage char(9) label="Column Index Type-",
sortedby num label="0Order in Key Sequence®,
xtype char(12) label="Extended Type®",
notnull char(3) label="Not NULL?",
precision num label="Precision”,
scale num label="Scale”,
transcode char(3) label="Transcoded?",
fmtName char(200),
xname char(200),
xlabel char(200),
represents char(32) label="the type of entity the format represents e.g. euro is
currency-euros”,
formatDescription char(200),
fmtKey char(200),
infmtKey char(200) label="A unique identifier for an informat, distinguishes
numeric from character for formats with the same
name” ,
infmtType char(1) label="Numeric (N) or Character (C) informat-®,
uFmtName char(32) label="User Format Name-",
hasRange num label="True (1) if the format has different start and end values”,
FmtLevels num label="number of unique levels for the format-®,
NLevels num format=BEST8. label="Number of Levels”,
NMissLevels num format=BEST8. label="Number of Missing Levels”,
NNonMissLevels num format=BEST8. label="Number of Nonmissing Levels”,

unformatted”,

variable*

):

UnformattedValues num label="Formatted variable has no ranges and some values are

ConstraintNote char(200) label="A description of any integrity constraints on the

Output 1 - Structure of the ColumnMetadata table

A few variables in this dataset are computed for use in generating the structured metadata (DDI and codebook).
Since SAS formats and informats for character and numeric variables may have the same names, it is useful to have
a key (fmtKey, infmtKey) combining the (in)format name and datatype for the format (N or C). SAS formats may also
label ranges of values. These need to be treated differently in DDI, so a logical variable (hasRange) indicating that a
column is formatted via ranges is useful.



Frequencies or Summary Statistics?

The program also runs either PROC MEANS or PROC FREQ to generate statistics or frequencies on each variable.
It looks at the data type and compares the cardinality (number of unique values) of each variable with the cardinality
of any associated format to make this decision. Output 1 shows the structure of the table containing metadata for
each column.

The following SAS code builds lists of variable names which are either continuous, categorical numeric, or categorical
character based on several criteria which have been included in the master metadata table. A variable is treated as
continuous, for example, if:

e  The variable type is numeric and

e the variable is not formatted as Date/Time

e the variable has no user format (uFmtName =" *)

e the variable does not have a format with ranges for values (hasRange is true)

e the variable has more unique values than the number of distinct formatted values (unformattedValues is
true)

proc sql noprint;
select name into :ContinVarList separated by " ™
from work._columnMetadata
where type="num" AND
not represents in (‘'Date™, "Time', "DateTime') AND
(uFmtName = " " OR
(hasRange OR UnformattedValues)

)

select name into :CatVarListN separated by
from work._columnMetadata
where type="num" AND

uFmtName ne ' ' AND

not (hasRange OR UnformattedValues);

select name into :CatVarListC separated by "™ "
from work._columnMetadata
where type="'char™ AND

uFmtName ne ' ' AND

not (hasRange OR UnformattedValues);

2ConinvarList . A PROC FREQ is n on the | | /> variableName |1y StatisticOrCodel/s  Value
variables in the other two lists. A combined table 49 |sex 1
contains the results of both procedures as 50 |sex 1 6
shown in Display 7. These are then included for 51 [sex 2 3
each variable in the codebook and the DDI xml. 52 |sexC ]
53 [sexC F 3
54 |sexC M B
B& |tempC Max 121111
56 |tempC Mean 2971111
57 |tempC Min -
B8 |[tempC P25 0
B9 |tempC P50 211111
60 |tempC P75 458885
61 |tempC Range 161.111..
62 |tempC StdDev 50.8954 .

Display 7- Frequencies and Summary Statistics



SUGGESTIONS FOR SAS

The ability to attach extended attributes to variables and datasets is an important addition to SAS for documenting
datasets. With SAS 9.4, though, extended attributes do not follow variables through their reuse in other datasets. It
would be useful if extended attributes followed variables just like the built-in attributes (label, format, etc.). If a variable
is selected for a new dataset by a SET statement in a DATA step, or SELECT statement in an SQL query, it would
make sense for it to keep the extended attributes it had in the original dataset, even across simple renaming of the
variable.

If extended attributes traveled with variables, a variable could be assigned a Universally Unique Identifier (UUID)
upon creation. This would allow tracking and building provenance chains for variables across datasets. A
transformation such as bmi=weight/height**2; could even automatically add the UUIDs for weight and height to
an attribute “basedOn” for variable bmi. A transformation like x = x*2; could generate a new UUID and add the
original UUID to the provenance chain. This metadata could then be used for machine generated documentation of
data dependencies.

CONCLUSION

This custom add-in was developed as a demonstration project and seems to have resulted in a usable tool for
capturing structured metadata at the point of creation of a dataset. Waiting until later stages of a research project to
record metadata carries the risk of inaccuracy as memory of what specifically was done fades. The ability to include
metadata in extended attributes would also be compatible with metadata driven generation of metadata rich SAS
datasets as is being done in the survey world (Ilverson 2009).

Enterprise Guide allows for the development of sharable user interfaces which can invoke the full power of SAS
code. The complete .NET and SAS code from this project is available to others who wish to build on it. Future
enhancements could include an improved user interface allowing for more hierarchy in the metadata. Multiple
collaborators, for example, might have different roles and for each role might have a different degree of contribution.
One possibility for storing such information in extended attributes would be to use structured attribute values. XML
might be a logical format for that structure. These could be represented in a program as a hash of hashes.

Another area of extension might be to capture the E.G. process flow — nodes, links, and code within nodes into the
structured metadata. DDI offers a generation instruction element which can record code used to generate a variable.
A simplistic approach would be to record all of the code from the path up to the target dataset and place a reference
to that code in the metadata for each variable. More sophisticated processing could parse the code and extract just
the code relevant to generating each variable. This might not be straightforward if part of the generation of a variable
involves a statistical procedure (e.g. a residual variable from a regression).

Finally, this approach is not limited to DDI as a metadata structure. Metadata corresponding to other standards, e.g.
CDISC, could be collected at the dataset and variable level via key-value pairs. The appropriate dataset and variable
level keys could be identified, and programming logic developed to map those pairs into the appropriate structure.
PROJECT ARCHIVE
Complete code for this project has been archived at:

http://kuscholarworks.ku.edu/dspace/handle/1808/12488
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