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Macro Design and Usage in a Multi-Tier Architecture for ETL and Google 
Visualization API Integration

Manuel Figallo-Monge, DevTech Systems, Inc., Arlington, VA

ABSTRACT

Macros are useful for creating reusable, tried-and-true components that are part of an Extract, Transform, and Load
(ETL) process.  This paper examines several SAS® macros that interact with one another to form a base ETL 
architecture, which consists of a macro to extract XML files from a web server, another to transform the XML files
into SAS data sets, and yet another to load the data into a data visualization made available by the Google API for 
Data Visualizations.   This data visualization is called a Motion Chart and can be integrated with SAS data sets, as 
shown by the architecture presented in this paper.  The upshot is a highly interactive visualization that plays a 
dynamic “movie” and allows end-users to explore several World Bank indicators over time.    These three primary 
macros either inherit other macros or can be extended with other macros to form larger applications.  Ultimately, all 
of the SAS components in this paper can be housed in a repository to be reused by macro users in an organization.  
Finally, this paper explores baseline macro concepts related to usage, such as macro naming conventions, 
parameter validation, error handling, and macro parameter data types. These concepts are especially applicable to 
macro developers.

INTRODUCTION

Writing SAS code is difficult, and writing reusable SAS code is even more difficult.  The benefits of reusable code, 
however, include decreased time and errors in the implementation phase of a project as well as increased 
satisfaction when using them during SAS applications development. The SAS Macro Language is a text-substitution
language to facilitate the development of reusable code.  Before implementing this code, however, macro 
developers need to be aware of good design principles, or else, they may produce code that is non-deterministic, 
inefficient, and, worse, code that is difficult to maintain (let alone reuse). These principles include layering into 
tiers and decomposition, encapsulation, and inheritance.

A MULTI-TIER ARCHITECTURE FOR SAS MACROS

Tiers are generally divided into a bottom tier for data (Model), a middle tier for driver processing logic (Controller), 
and, finally, a top tier for data visualizations or presentation (View). These tiers can further be decomposed into 
functions and variables.  This is represented by the following diagram, which will be explained in this paper:

Figure 1. The base macro architecture for ETL and DataVisualizations (DV).  This paper
examines the %extractManyFiles, %transformXML2SAS, %loadSkin macros in detail. Note that

the middle “Driver” tier is where processing logic is maintained and macros are managed.

Decomposition is the breaking up of a problem into smaller components.  This is especially well suited for ETL
processes, which can be complex.   The advantage of decomposing a process is that it highlights the SAS macros 
that need to be developed in order to facilitate automation or ensure uniformity.    
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One of the first steps in the ETL processing described in this paper is extracting data from an HTTP server.  Figure 
1 demonstrates this.  The %extractManyFiles macro automates the extraction of files (in one case over 350 files in 
under 10 minutes) using a RESTful web service or API1.  This macro’s objective is to move data from a web server 
to a local file system, as demonstrated by Figure 1.  Also important to note is that this is accomplished by a macro 
in the middle tier.  In fact, all macros reside in the middle tier, because they manage data between the bottom tier 
and top tier.  They are, moreover, managed and called by a driver file.  Note also that software components in the 
top tier and bottom tier never interact directly with one another directly. It’s also the case that a macro can reuse or 
inherit another macro as demonstrated in a later section. First, it is important to examine a chief advantage of 
macros, encapsulation.

ENCAPSULATION AND PROGRAMMING TO AN INTERFACE

A macro that downloads or extracts data from an HTTP web server and downloads it locally for processing is a 
good example of a macro that can be used and reused for ETL processing, since this is a common task.   No longer 
does a SAS programmer need to write code from scratch to accomplish this; instead, all he needs to know is the 
correct SAS macro function call and its parameters (i.e., a RESTful API call to retrieve indicator data, in this case 
SP.DYN.TFRT.IN, and the local drive output location):

This highlights one of the primary advantages of using macros: they can “encapsulate” or, that is, hide complexity.   
The %extractFile macro in this example uses the filename statement (URL access method as shown in Appendix 
A); this, however, is not important to SAS users who use this macro.  It is only important to the macro developer 
who created and maintains the macro. A macro user only needs to understand what input parameters are required 
to run the macro and what output to expect.  This is otherwise known as programming to an interface. 

INHERITANCE

The %extractFile macro can only download one file at a time.   It is a very useful macro for downloading either 
binary or text files, and in the case of text files will issue an HTTP request at least two times to capture HTTP errors
and proceed when execution has completed successfully and without warning messages.  Despite its utility, 
%extractFile would be difficult to use when several dozen files have to be downloaded.  To handle this situation, 
SAS makes it possible to effectively pass a data set of values as a macro input parameter and then iterate through 
it to generate a lot of output in one fell swoop. Whatever the case, note that %extractManyFiles inherits completely 
from %extractFile.  The code for %extractManyFiles is available in Appendix B, and it uses CALL EXECUTE.   
Inheritance is a way to reuse code of existing macros (i.e., %extractFile) to establish a "submacro" or "child macro"
(i.e., %extractManyFiles).  SAS, in other words, provides the programming language support that makes this 
possible. As a result of this feature, only one line is required to download several files:

This is discussed in further detail below in the section about parameter data types. 

EXTENSIBILITY

The %extractManyFiles is very useful; however, it would be better if more could be done with the XML output.    To 
do this, extend %extractManyFiles and its output (in other words, several XML files) with %transformXML2SAS.  
This latter macro will take an XML file and MAP as input, and then create a SAS data set as output.    Creating a 
MAP is greatly facilitated by the SAS XML Mapper2, a Java-based, stand-alone application that removes the tedium 
when creating and modifying an XML Map.   Given a list of XML files and their corresponding MAPS, therefore, will 
easily allow for the creation of SAS data sets from the many XML files:

  
1 A RESTful web API is a simple web service implemented using HTTP with a set of operations or methods 
supported by the web service to produce, as output, an Internet media type such as XML.
2 To download the latest version of SAS XML Mapper, visit:  
http://support.sas.com/demosdownloads/setupcat.jsp?cat=Base+SAS+Software
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This call to %transformXML2SAS is from the driver file and CALL EXECUTE will work as seen earlier with 
%extractManyFiles.    Creating a macro that primarily inherits from a base or parent macro and iterates through a 
data set containing many values is up to the discretion of the macro developer.   Using CALL EXECUTE within the 
%extractManyFiles macro ensures widespread adoption of a frequently used macro, although CALL EXECUTE can 
just as well be used in a driver file.

Once the XML files have been transformed into SAS data sets, they are concatenated, and transposed long to wide, 
a point which will be discussed later. Figure 2 shows the data set that is created after a transpose.  The %loadSkin 
macro will use this data set as input and wrap the data set inside the Google API code that is necessary to produce 
a Motion Chart skin.  Thus, the SAS data set output resulting from %transformXML2SAS is extended with a macro 
that will load a skin and wrap the data with it (i.e., %loadSkin).

Figure 2. The final data set resulting from extract and transform processing
in the Macro Architecture described in this paper

Appendix D show a portion of the %loadSkin macro with several key sections:
• Line 2 inherits %getVariableNames in order to get meta-data from the data set in Figure 3.  This 

information is important since numeric variables are treated differently from character variables in 
the Google API.   

• The output from %getVariableNames is also important for getting variable names and labels.  
Note that if a macro user loads a Motion Chart and selects the parameter USELABELS=YES but
some labels are missing from the data set, an error will be produced (line 31).

• Line 55 contains a macro variable that is derived from a persistence layer described later in this 
paper.  Noticed that line 120 also uses data objects from a persistence layer, discussed later.

• The header for the Motion Chart is produced by the code starting in line 63, and the body starts in 
line 89.  

There are several dependencies between macros in this architecture, as demonstrated by %loadSkin (e.g., 
%getVariableNames).  To download them all, please refer to the end of this paper for an HTTP link.

With additional macros, the architecture described earlier can be extended as in Figure 3.   In this new diagram, a 
macro to transpose long to wide, %transposeL2W, has been added as has the %loadDPL (Data Persistence Layer) 
macro to demonstrate extensibility (the design principle where the implementation takes into consideration future 
growth).
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Figure 3. In a multi-tier architecture, 1) macros can be extended through reuse or
inheritance, 2) and the architecture can also be extended to include new macros. The

light-blue ovals are macros and the blue rounded-squares are functions.

A Data Persistence Layer (DPL) moves data values from a structured and permanent store, such as an XML file or 
data set, to its most natural form (in memory objects) in order to be assigned to a variable when it is used in 
generating output. One of the goals of the DPL in this architecture is to localize changes in variable values so that 
they occur in XML configuration files and then made, as needed, into persistent objects.    

An advantage of the DPL is that it facilitates management of variables so that any changes to its values occur only 
to the XML file and SAS macros remain a black box.   This means that end-users can participate in customizing 
their report output or data visualizations through XML files, as discussed later, without involving SAS developers.   

A DPL is also very useful for moving data objects from a DPL layer to anywhere in output without using procedures, 
such as PROC TEMPLATE, etc.   The %load2DPL macro is responsible for loading configuration values and 
mapping them to persistent objects from a configuration XML file and mapping XML file, respectively.      Persistent 
objects are retrieved using the standard ampersand (&); this, in effect, behaves like an accessor function.

For example, the data visualization discussed later in this paper, has a configurable title.   It is defined in an XML 
configuration file as such:

The %loadDPL macro takes this value from the XML file, after it has been transformed into a data set, and maps it 
to a persistent object named r_rpttitle2.  This is defined in an XML file for mappings as follows:

As this mapping object shows, the persistent object named r_rpttitle2 is retrieved, as required, from the 
work.Config2 data set where Report=’mylabreport2_v1’ and MetaData=’report_title’.    This persistent object as well 
as other persistent objects are used extensively by the %loadSkin macro to produce data visualization output.  For 
example:
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The value of a DPL is immeasurable: data can now be stored and retrieved as required and for a variety of 
purposes.   This very complex Excel spreadsheet, for instance, was created using a DPL implemented in SAS:

Figure 4. A complex Excel report produced using a DPL.

Demonstrating the value of a DPL is arguably one of this paper’s most important contributions.   It is one of the key 
components that enabled and facilitated the integration of SAS with the Google API for Data Visualizations, as 
described in the next section, whose main output is an HTML file.

DATA VISUALIZATION OUTPUT

The Google API for Data Visualizations is "designed to make it easier for a wide audience to make use of advanced 
visualization technology, and do so in a way that makes it quick and easy to integrate with new visualizations."   
One of these visualizations is a Motion Chart.  It can show up to 5 dimensions over time and is an excellent tool for 
exploring data and finding patterns and developing new insights with it.  In sum, it makes an enormous amount of 
data “easily digestible” as shown in Figure 5:

Figure 5. The Google Motion Chart is an HTML file utilizing Flash produced 
by the SAS macros described in this paper

This is particularly true when it comes to analyzing government indicators, as shown in Figure 6.
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Figure 6. Two government indicators from the Motion Chart above 
and their relationships (green denotes a desirable outcome, red an undesirable 

outcome, and yellow value judgments)

As demonstrated in the architecture diagram at the beginning of this paper, the %loadSkin macro is responsible for 
taking a SAS data set, using the SAS data set’s variables in the Google API function data.addColumn, and 
wrapping it in a presentation layer in order to produce the Motion Chart visualization. It embeds data from the data 
set as well as the DPL to produce the Google API code partially shown in Figure 7.

Figure 7. The format for data required by the Google API, and two 
functions in the Google API: 1) data.addColumn for variable 

names; 2) and data.setValue for values

Note that the first “setValue” row in this format must be “Country” and the second “Year”.    Many other Google API 
Data Visualizations use this file format.  All of this API code, however, remains hidden from the macro user since 
he or she is only concerned with the macro’s interface. 

MORE ON THE DRIVER FILE (INPUTS AND OUTPUTS)

The driver is where macros are used and interfaces, especially input parameters, are defined.   It is where macro 
users can, for instance, make a call to %loadSkin:

This call creates a Motion Chart; however, it uses variable names from the data set in the output, as demonstrated 
in Figure 7.  To use the labels from a data set, make this call instead (using &myDs and &mySkin from above):

Variable names, not labels, 
are used

The first item must be a string data 
type, or “Country” in this case, and the 
second item a Year data type
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The header for %loadSkin provides more details on the input parameters:

By changing the value for the parameter “skin”, other output is also possible.   A macro user will find it easy to 
change from a Motion Chart to a Dynamic HTML Table with moveable columns and sortable rows, for instance,
with this very similar call:

The driver plays a particularly important role in managing macro inputs, which would become more important as 
the architecture described thus far evolves into a framework.

The purpose of a framework is to produce “an abstraction in which software providing generic functionality can be 
selectively changed by user code, thus providing application specific software”.    Thus, if implemented correctly, all 
code changes for the architecture will only occur in the driver file whose purpose is to: 1) define inputs; 2) call 
reusable macros; 3) and manage macro output.   This is rarely the case, however.   Most multi-tier architectures 
still do require code customizations for new and changing requirements, although this should be kept to a 
minimum.    

Whatever the case, in any framework, there are hot spots and frozen spots.  “Frozen spots define the overall 
architecture of a software system, that is to say its basic components and the relationships between them. These 
remain unchanged (frozen) in any instantiation of the application framework [(e.g., SAS reusable macros)]. Hot 
spots represent those parts where the programmers using the framework add their own code to add the 
functionality specific to their own project.”

Generally, a macro user should only update driver files and XML configuration files (hot spots).  He can also build 
macros of his own, as a macro developer, by understanding the naming conventions for macros below, basic 
parameter validation, error handling, and parameter types beyond character and numeric. 

NAMING CONVENTIONS

Choosing a naming convention and reinforcing it within teams is a difficult task and requires support from SAS 
macro developers.   There are advantages to having a naming convention.  Chief among them is breeding
familiarity with how code, macro or otherwise, is defined and utilized throughout a team or group.  This is also true
for programmers outside of the SAS population, including web developers.   This is one very good reason to choose 
the mixed case---for example, %extractFile—since it’s familiar to web developers and those developers who 
program in Internet languages.  Note the verbNoun syntax identifies what will be accomplished by the macro.

The interface also has a convention.   If the parameter is positional, then the value is passed directly.  However, in 
the case of keyword parameters, consider using only variable references as in this example:

 

Notice that %let statements define the values for variables before the variable reference is passed.  This is done for 
several reasons: it improves readability; and, it helps manage variables (that could potentially be passed to other 
macro functions) in one single place

Also notice the convention for the variable names.   If the variable is used inside a driver or controller file and it is 
defined by a user, then preface it with “my”.  This is to distinguish it from other variables in the system such as 
variables inside the macro itself, which should be prefaced by “this” (to indicate that it is used within “this” macro) 
and variables that serve as return types, which should be preceded by “r_”. While debugging, this naming 
convention is invaluable towards managing variables in the PC-SAS Explorer Window as well as the Log output.
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In sum, the convention is as follows:
- Macro functions use mixedCase or actionverbNoun: e.g., %extractFile. 
- Macro variables should be prefaced with “my” and “this” when used in the driver file and inside macros, 

respectively.
- Return macro variables should be preceded by “r_”.

The upshot of this is code with components that are readily identifiable not only by the individual who wrote it but 
also his or her team.  This is especially the case in teams which may consist of developers who don’t know SAS 
but are familiar with object-oriented languages where this type of naming convention is much more ubiquitous. 

VALIDATING PARAMETERS

It’s important to validate the parameters that are passed to a macro and used by a macro.   This will prevent 
misuse of the macro and provide, moreover, valuable log information to SAS developers who use the macro.  

Figure 8. Basic validation makes a macro more “user-friendly”.

SAS provides excellent ways of customizing notes, errors, and warnings in the log.   As indicated in Figure 8, use 
put statements that begin with 'ERROR:', 'WARNING:', or 'NOTE:', and SAS will format the text as an ERROR, 
WARNING, or NOTE respectively.

ERROR HANDLING

Sometimes running a macro does not go as expected.  In the case of the %extractFile, for instance, an “HTTP 500 
Internal Server Error” may occur.   This happens because the HTTP server can experience a deadlock situation, 
and one solution is to simply reissue the request for the file on the HTTP server.   Dealing with this kind of error is 
essentially a two step process: first, check for the error; secondly, handle the error.

Figure 9. An “HTTP 500 Error” is handled by %extractFile by 1) checking for the error; 

2

1
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and, 2) handling the error.  The ELSE statement will execute no more than two times.

Note that SYSERR3 is an automatic macro variable, which contains a return code status set by the DATA step. It 
returns 0 if execution completed successfully and without warning messages and the RETURN statement, which
causes execution to stop at the current point in the DATA step.

PARAMETER DATA TYPES

Consider the %extractFile macro once again:

- %extractFile(string1, string2)

String1 is the HTTP location of an Excel file (or query string, for that matter) and String2 is the output location on 
the local drive location for this file. As mentioned, this works very well if there is only one file to extract; however it 
becomes unwieldy when there are over 100 files to download. The solution is to use a list or data set as a 
parameter as demonstrated in Figure 10. 

Figure 10.  Passing a data set as a parameter to a macro.   A macro can iterate
through the data set in order to utilize several values as parameters.  SAS macro 

users can also use SAS functions on the data set before it is passed as a parameter.

The data set is effectively passed as a parameter:

- %extractManyFiles(<string1>, <string2>, Data set)

The list or data set appears as follows:

Figure 11. A list or data set that can be passed as a parameter.  This entire process 
can be automated since, in addition to indicator data, indicator names 

(e.g., SP.DYN,TFRT.IN) used in the URL and local drive output
location are also made available through a RESTful web service

Notice that the string variables are optional (hence the brackets “<” and “>”), and they now represent the names of 
the fields in the data set parameter. In the example in Figure 11, that would be “url” and “local2”.

To iterate through the data set, simply inherit the %extractFile macro inside %extractManyFiles by using the CALL 
EXECUTE statement as follows:

  
3 SYSERR contains a return code status set by FILENAME URL and is oftentimes used as a condition to determine 
further action.  It can also be used to detect major system errors. See: 
http://support.sas.com/documentation/cdl/en/mcrolref/61885/HTML/default/viewer.htm#a000208995.htm
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Figure 12. CALL EXECUTE iterates through a data set as shown in Appendix B.

Interestingly, %extractFile is left completely intact. In effect, %extractManyFiles inherits %extractFile which serves 
as the base macro, as mentioned earlier. If macro users do not like having several macros for similar purposes,
one option is to create a super macro with a parameter list to accommodate several macros.   So, for instance, 
%extractFiles(string1, string2, Data set, Boolean) would have a Boolean used to conditionally execute %extractFile
or %extractManyFiles as demonstrated by this pseudocode:

IF Boolean=”TRUE” THEN %extractManyFiles()
ELSE %extractFile()

If the Boolean is “TRUE”, then it is imperative to use a data set as parameter.   In other words, care must be taken 
to validate the parameter list appropriate to the selected macro.

This design can coexist with the earlier one; that is to say, all of these macros can be made available to developers 
in a repository, and if enhancements are made to the core macro, %extractFile, the changes will propagate to all
variations of that macro that utilize the core one. Of course, mistakes to the core macro would also propagate, so 
enhancements must be tested thoroughly whenever they are made.

One other underutilized parameter data type is arrays.    This can be created by passing a string with a delimiter, 
since the SAS array statement does not compile or execute when passed as a parameter.  Here again, it’s 
important to decide on a convention.   Using a delimiter that’s infrequently used is recommended.  For example, 
here is an array named myxmlmap_arr that uses an ‘*’ delimiter:

As shown above, %loadDPL uses an array to describe and define the MAP that will serve as an intermediate or
definition file for data objects as they are moved from a permanent data store to objects in memory. 

When passed to a macro, it can be iterated in several ways:
§ The standard method is as follows:

1) First get the size of the “array” (i.e., &xmlmaps_arr whose value is 
SELECT*GVAR*DBTABLE*FILTER), using countw as such:

2) Iterate using a do loop:

§ The iterator can also increment twice (or more) within a single loop using the %eval macro:

§ If the array needs to be converted to a list (to be used with an IN statement, for instance), use the 
tranwrd function which replaces all occurrences of ‘*’ with a comma and double quote:

The output of this is: “Region”, “country_name”, “program_name”.

Armed with this knowledge, developers can write macros that are flexible and generate a variety of output based on 
the input parameters that are provided.
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CONCLUSION 

As the result of concepts described in this paper, the SAS community can realize the many advantages of a multi-
tier macro architecture: code that is easier to maintain, extend, and even reuse.  If designed correctly, any 
application using SAS macros will be nothing more than a black box for an end user, configurable by XML 
files.  Architects, moreover, will be better able to understand and communicate how SAS systems are used in their 
organizations, since a multi-tier design provides an intuitive and standard means of describing a system 
implementation.  And, finally, macro developers or users will be able to extend and reuse existing macro code to 
add new behaviors, as needed, through the introduction of additional macros; this will ultimately allow SAS 
developers to more readily respond to new requirements and incorporate enhancements as needed.
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APPENDIX A.  ENCAPSULATION WITH THE EXTRACTFILE MACRO (SANS HEADER)
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APPENDIX B.  INHERITANCE WITH THE EXTRACTMANYFILE MACRO (SANS HEADER)

APPENDIX C.  EXTENSIBILITY WITH THE TRANSFORMXML2SAS MACRO (SANS HEADER)
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APPENDIX D.  EXTENSIBILITY WITH THE LOADSKIN MACRO (SANS HEADER, MOTION CHART 
ONLY)

1 Get variable names or labels 
and types

2

Validation.  Stop processing 
if a user has chosen to use 
labels and some are missing 
from the data set.
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3 Produce the API title and load 
the API

4
Generate the API code for 
data.addColumn using 
variables or labels from the 
data set
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5 Generate API calls for 
data.setValue using data 
from a SAS data set

6

Produce the footer using 
variables from the DPL (Data 
Persistence Layer)
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APPENDIX E.  MOTION CHART SCREENSHOTS
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