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Introduction

For decades, Base SAS software has been the “gold standard” for data manipulation 

and analysis. The software can read any data source and is superb at transforming and 

shaping data for analysis. It has been the beneficiary of enormous resource investments 

over its lifetime. The company has one of the industry’s most innovative R&D staff, 

and its products are well supported by an outstanding technical support and well 

documented by very capable technical writers. SAS Institute Inc. has remained focused 

on gathering customer input and building desired features. All of these characteristics 

help explain its popularity.

Since the beginning of this millennium, the accelerated growth of open source 

software has produced outstanding projects offering data scientists enormous 

capabilities to tackle problems that were previously considered outside the realm 

of feasibility. Chief among these is Python. Python has its heritage in scientific and 

technical computing domains and has a very compact syntax. It is a full-featured 

language that is relatively easy to learn and is able to scale offering good performance 

with large data volumes. This is one of the reasons why firms like Netflix1 use it so 

extensively.

By nature, SAS users are intrepid and are constantly trying to find new ways to 

expand the use of the software in pursuit of meeting business objectives. And given the 

extensive role of SAS within organizations, it only makes sense to find ways to combine 

the capabilities of these two languages to complement one another.

We have four main goals for our readers. The first is to provide a quick start to 

learning Python for users already familiar with the SAS language.

Both languages have advantages and disadvantages when it comes to a particular 

task. And since they are programming languages, their designers had to make certain 

trade-offs which can manifest themselves as features or quirks, depending on one’s 

perspective. This is our second goal: help readers compare and contrast common tasks 

taking into account differences in their default behaviors. For example, SAS names are 

1�Python at Netflix, at https://medium.com/netflix-techblog/python-at-netflix-bba45dae649e

https://medium.com/netflix-techblog/python-at-netflix-bba45dae649e
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case-insensitive, while Python names are case-sensitive. Or the default sort sequence for 

the pandas library is the opposite of SAS’ default sort sequence and so on.

Rather than attempting to promote one language over the other, our third goal is to 

point out the integration points between the two languages. The choice of which tool 

to utilize for a given task typically comes down to a combination of what you as a user 

are familiar with and the context of the problem being solved. Knowing both languages 

enlarges the set of tools you can apply for the task at hand.

And finally, our fourth goal is to develop working examples for all of the topics in 

both Python and SAS which allows you the opportunity to “try out” the examples by not 

just executing them but by extending them to suit your own needs.

We assume you already have some basic knowledge of Python, for example, you 

already know how to import modules and execute Python scripts. If you don’t, then you 

will want to spend more time with Chapter 1, “Introduction,” covering topics such as 

Python installation, executing Python in a Windows environment, and executing Python 

in a Linux environment.

In Chapter 2, “Python Types and Formatting,” we cover topics related to the Python 

Standard Library such as data types, Booleans with a focus on truth testing, numerical 

and string manipulations, and basic formatting. If you are new to Python, then it is 

worthwhile to spend time on this chapter practicing execution of the Python and SAS 

examples.

If you have a solid grasp of Python Standard Library, you can skip to Chapter 3, 

“pandas Library.” Beyond introducing you to DataFrames, we deal with the missing 

data problem endemic to any analysis task. The understanding of the pandas library 

underpins the remainder of the book.

Chapter 4, “Indexing and Grouping,” extends your knowledge of the pandas library 

by focusing on DataFrame indexing and GroupBy operations. A detailed understanding 

of these operations is essential for shaping data. We end this chapter by introducing 

techniques you can use for report production.

Data manipulation such as merging, concatenation, subsetting, updating, 

appending, sorting, finding duplicates, drawing samples, and transposing are covered 

in Chapter 5. We have developed scores of examples in both Python and SAS to address 

and illustrate the range of problems you commonly face in preparing data for analysis.

In Chapter 6, “pandas Readers,” we cover many of the popular readers and writers 

used to read and write data from a range of different sources including Excel, .csv 

files, relational databases, JSON, web APIs, and more. And while we offer detailed 
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explanations, it is the numerous working examples you can use in your own work that 

make this chapter so valuable.

Working with date, datetime, time, and time zone is the focus in Chapter 7. In this 

increasingly instrumented world we live in, we are faced with processing time-based 

data from literally trillions of sensors. Forming and appropriately handling time Series 

data is no longer just the domain for time-based forecasting. Once again, we rely on the 

breadth of the provided examples to help you improve your skills.

In our last chapter, we introduce and discuss SASPy, the open source library from 

SAS Institute used to expose a Python interface to Base SAS software. The provided 

examples focus on building useful pipelines where the strengths of both languages come 

together in a single program to accomplish common data analysis tasks. This integration 

point between SAS and Python offers an enormous range of possibilities limited only by 

your imagination.

We hope you enjoy this book as much as we enjoyed putting it together!

�Feedback
We would love to receive your feedback. Tell us what you liked, what you didn’t like, and 

provide suggestions for improvements. You can go to our web site, www.pythonforsasusers.

com, where you can find all of the examples from this book, get updated examples, and 

provide us feedback.

Introduction
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CHAPTER 1

Why Python?
There are plenty of substantive open source software projects out there for data 

scientists, so why Python?1 After all, there is the R language. R is a robust and well-

supported language written initially by statistician for statisticians. Our view is not 

to promote one language over the other. The goal is to illustrate how the addition of 

Python to the SAS user’s toolkit is a means for valuable skills augmentation. Besides, Bob 

Muenchen has already written R for SAS and SPSS Users.2

Python is used in a wide range of computing applications from web and internet 

development to scientific and numerical analysis. Its pedigree from the realm of 

scientific and technical computing domains gives the language a natural affinity for data 

analysis. This is one of the reasons why Google uses it so extensively and has developed 

an outstanding tutorial for programmers.3

Perhaps the best answer as to why Python is best expressed in the Zen of Python, 

written by Tim Peters.4 While these are design principles used to influence the 

development of a language like Python, they apply (mostly) to our own efforts. These 

aphorisms are worth bookmarking and re-reading periodically.

1�Python is an open source language promoted, protected, and advanced by the Python Software 
Foundation: https://www.python.org/psf/. It is currently developed on GitHub

2�Muenchen, Robert A, (2011). R for SAS and SPSS Users, 2nd Edition.
3�Google’s Python Class at https://developers.google.com/edu/python/
4�PEP 20—The Zen of Python at www.python.org/dev/peps/pep-0020/

https://www.python.org/psf/
https://github.com/python
https://developers.google.com/edu/python/
https://www.python.org/dev/peps/pep-0020/
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�Setting Up a Python Environment
One of the first questions a new Python user is confronted with is which version to use, 

Python 2 or Python 3. For this writing we used Python 3.6.4 (Version 3.6, Maintenance 4).  

The current release of Python is 3.7.2, released on December 24, 2018. Python release 

3.8.0 is expected in November 2019. As with any language, minor changes in syntax 

occur as the developers make feature improvements and Python is no exception. We 

have chosen Python 3.6 since this was the latest release as time of writing and the release 

of 3.7 has not impacted any of the chapters. You can read more about the differences 

between Python 2 and Python 3.5

An attractive feature for Python is the availability of community-contributed 

modules. Python comes with a base library or core set of modules, referred to as the 

Standard Library. Due to Python’s design, individuals and organizations contribute to 

the creation of thousands of additional modules which are mostly written in Python. 

Interested in astronomical calculations used to predict any planet’s location in space? 

Then the kplr package is what you need.6 Closer to home, we will utilize the Python-

dateutil 2.7.3 package to extend Python’s base capabilities for handling datetime 

arithmetic.7

Just as you can configure your SAS development environment in numerous ways,  

the same is true for Python. And while there are various implementations of Python, 

such as Jython, IronPython, and PyPy to make life simpler, organizations package 

distributions for you so you can avoid having to understand dependencies or using build 

scripts to assemble a custom environment. At the time of this writing, we are using the 

Anaconda distribution 5.2.0 for Windows 10 located at Anaconda’s distribution page at 

www.anaconda.com/download/.

The Anaconda distribution of Python also supports OSX and Linux. They 

conveniently take care of all the details for you by providing familiar tools for installing, 

uninstalling, upgrading, determining package dependencies, and so on. But they 

do much more than just make a convenient distribution. They provide detailed 

documentation, support a community of enthusiastic users, and offer a supported 

enterprise product around the free distribution.

5�Should I use Python 2 or Python 3 for my development activity? at https://wiki.python.org/
moin/Python2orPython3

6�kplr: A Python interface to the Kepler data at http://dfm.io/kplr/
7�Python-dateutil 2.7.3 at https://pypi.org/project/python-dateutil/
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�Anaconda3 Install Process for Windows
The following text describes the steps for installing a new version of Python 3.6. If you 

have an existing version already installed, you can either uninstall the older version or 

follow the instructions for managing multiple Python installs at https://conda.io/

docs/user-guide/tasks/manage-python.html.

	 1.	 From www.anaconda.com/download/ download the 

Anaconda3-5.2.0 for Windows Installer for Python 3.6. Select the 

32-bit or 64-bit installer (depending on your Windows machine 

architecture).

	 2.	 From this download location on your machine, you should see 

the file Anaconda3-5.2.0-Windows-x86-64.exe (assuming your 

Windows machine is 64-bit) for launching the Windows Installer.

	 3.	 Launch the Windows Installer (see Figure 1-1).

Figure 1-1.  Windows Installer

Chapter 1  Why Python?
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	 4.	 Click Next to review the license agreement and click the “I Agree” 

button (see Figure 1-2).

	 5.	 Select the installation type, stand-alone or multi-user  

(see Figure 1-3).

Figure 1-2.  License Agreement

Chapter 1  Why Python?



5

	 6.	 Select the installation location (see Figure 1-4).

Figure 1-3.  Select Installation Type
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	 7.	 Register Anaconda as the default Python 3.6 installation by 

ensuring the “Register Anaconda as my default Python 3.6” box is 

checked. Press the “Install” button (see Figure 1-5).

Figure 1-4.  Select Installation Location

Chapter 1  Why Python?
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	 8.	 Start the installation process (see Figure 1-6). You may be asked 

if you would like to install Microsoft’s Visual Studio Code. Visual 

Studio provides a visual interface for constructing and debugging 

Python scripts. It is an optional component and is not used in  

this book.

Figure 1-5.  Advanced Installation Options

Chapter 1  Why Python?
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	 9.	 Validate the install by opening a Windows Command Prompt 

window and enter (after the > symbol prompt):

> python

Assuming the installation worked correctly, the output should look similar to  

Listing 1-1.

Listing 1-1.  Python Command for Windows

C:\Users\randy>python

Python 3.6.5 |Anaconda, Inc.| (default, Mar 29 2018, 13:32:41) [MSC v.1900 

64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more information.

>>>

This is an indication that the installation is complete including modifications made 

to Windows environment variable PATH.

Figure 1-6.  Start Installation

Chapter 1  Why Python?
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�Troubleshooting Python Installation for Windows
If you receive the error message, ‘Python’ is not recognized as an internal or external 

command then ensure the Windows PATH environment variable has been updated to 

include the location of the Python installation directory.

	 1.	 On Windows 10, open File Explorer and select “Properties” for 

“This PC” (see Figure 1-7).

	 2.	 Right-click the “Properties” dialog to open the Control Panel for 

the System (see Figure 1-8).

Figure 1-7.  PC Properties

Figure 1-8.  PC Control Panel

Chapter 1  Why Python?
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	 3.	 Select “Advanced” tab for System Properties and press the 

Environment Variables… button (see Figure 1-9).

	 4.	 Highlight the “Path” Environment Variables (see Figure 1-10).

Figure 1-9.  Advanced System Properties
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	 5.	 Edit the Path Environment Variables by clicking the “New” button 

(see Figure 1-11).

	 6.	 Add the Anaconda Python installation path specified in step 6 

from the Anaconda3 Install Process for Windows as seen earlier 

(see Figure 1-12).

Figure 1-10.  Environment Variables

Figure 1-11.  Edit Environment Variables
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	 7.	 Ensure the path you entered is correct and click “OK”.

	 8.	 To validate start a new Windows Command Prompt and enter the 

command “Python”. The output should look similar to the one in Listing 1-2.

Listing 1-2.  Validate Python for Windows

C:\Users\randy>python

Python 3.6.5 |Anaconda, Inc.| (default, Mar 29 2018, 13:32:41) [MSC v.1900 

64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more information.

>>>

The three angle brackets (>>>) is the default prompt for Python 3.

Figure 1-12.  Add Anaconda3 to Path
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�Anaconda3 Install Process for Linux
The following are the steps to install Python 3.6 in a Linux environment.

	 1.	 From www.anaconda.com/download/ download the 

Anaconda3-5.2.0 for Linux Installer for Python 3.6. This is actually 

a script file. Select the 32-bit or 64-bit installer (depending on  

your machine architecture). Select “Save File” and click “OK”  

(see Figure 1-13).

	 2.	 Open a Linux terminal window and navigate to the location for the 

default directory /<userhome>/Downloads.

$ cd /home/randy/Downloads

	 3.	 Change the permission to allow the script to execute with chmod 

command.

$ chmod +x Anaconda3-5.2.0-Linux-x86_64.sh

Figure 1-13.  Execute Linux Install

Chapter 1  Why Python?
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	 4.	 If you are using a Bash shell, you can execute the shell script with 

./ preceding the script filename (see Figure 1-14).

$ ./Anaconda3-5.2.0-Linux-x86_64.sh

Alternatively, you can execute the script with the following  

(Figure 1-14):

$ sh Anaconda3-5.1.0-Linux-x86_64.sh

	 5.	 Press <enter> to continue and display the License Agreement 

(Figure 1-15).

	 6.	 Accept the license term by entering “yes” and pressing <enter> 

(Figure 1-16).

	 7.	 Confirm the Anaconda3 installation directory and press <enter> 

(Figure 1-17).

Figure 1-14.  Execute Script

Figure 1-15.  License Agreement

Figure 1-16.  Accept License Terms
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	 8.	 Append the Anaconda3 installation directory to the $PATH 

environment variable by entering “yes” and pressing <enter> 

(Figure 1-18).

You may be asked if you would like to install Microsoft’s Visual 

Studio. Visual Studio provides a visual interface for constructing and 

debugging Python scripts. It is an optional component and is not 

used in this book.

	 9.	 Confirm the installation by closing the terminal window used 

to execute the installation script and opening a new terminal 

window. This action will execute the .bashrc file in your home 

directory and “pick up” the updated $PATH environment variable 

that includes the Anaconda3 installation directory (Figure 1-19).

Figure 1-17.  Confirm Install Location

Figure 1-18.  Append to $PATH Variable

Figure 1-19.  Confirm Installation
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