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Preface





In the fast-evolving landscape of web development, embracing a framework that seamlessly blends power with elegance is paramount. Welcome to Ultimate Statistical Analysis System (SAS) for Data Analytics. In today's data-driven world, the ability to harness the power of data for informed decision-making is paramount. Whether you are a seasoned data professional or just beginning your journey in the realm of analytics, this comprehensive handbook serves as your indispensable guide to mastering SAS, a leading software suite for statistical analysis.


This book comprises 10 chapters, each a complete module in itself, serving as your comprehensive guide to mastering in SAS, this book has something for everyone.


Chapter 1. Introduction to SAS for Data Professionals: Welcome to the Ultimate Statistical Analysis System (SAS) for Data Analytics. In this introductory chapter, we will embark on a journey into the world of SAS, a powerful software suite widely used for statistical analysis. Whether you're a seasoned data professional or new to the realm of analytics, this chapter provides a foundational understanding of SAS and its key components, setting the stage for the exploration that follows.


Chapter 2. Data Import and Export in SAS: The ability to efficiently import and export data is essential for any data professional. In this chapter, we will delve into the intricacies of data import and export in SAS, exploring techniques for seamlessly transferring data between different formats and sources. From CSV files to relational databases, this chapter equips you with the skills needed to effectively manage data in the SAS environment.


Chapter 3. Data Cleaning and Transformation: High-quality data is the foundation of meaningful analysis. In this chapter, we will explore the crucial process of data cleaning and transformation in SAS. From identifying and handling missing values to standardizing data formats and resolving inconsistencies, you'll learn essential techniques for ensuring the integrity and reliability of your data before analysis.


Chapter 4. Data Visualizations with SAS: Visualizing data is key to uncovering insights and communicating findings effectively. In this chapter, we will dive into the world of data visualizations with SAS, exploring techniques for creating compelling charts, graphs, and dashboards. Whether you're visualizing trends, patterns, or correlations, this chapter provides practical guidance for presenting your data in a clear and impactful manner.


Chapter 5. Hypothesis Testing and Regression Analysis: Statistical hypothesis testing and regression analysis are fundamental techniques for drawing meaningful conclusions from data. In this chapter, we will explore the principles of hypothesis testing and regression analysis in the SAS environment. From formulating hypotheses to interpreting regression coefficients, you'll gain a deeper understanding of how to conduct and interpret these essential statistical analyses.


Chapter 6. Descriptive and Inferential Statistics: Descriptive and inferential statistics are powerful tools for summarizing and analyzing data. In this chapter, we will explore the principles of descriptive and inferential statistics in SAS, covering techniques for summarizing data, calculating measures of central tendency and dispersion, and making inferences about population parameters from sample data.


Chapter 7. Advanced SAS Programming Concepts: Mastering SAS programming opens up a world of possibilities for data analysis and manipulation. In this chapter, we will delve into advanced SAS programming concepts, covering topics such as macro programming, array processing, and SQL integration. Whether you're automating repetitive tasks or performing complex data transformations, this chapter equips you with the skills needed to take your SAS programming to the next level.


Chapter 8. Clustering Analysis with PROC CLUSTER: Clustering analysis is a powerful technique for identifying natural groupings within data. In this chapter, we will explore clustering analysis using the PROC CLUSTER and PROC FASTCLUS procedure in SAS. From hierarchical clustering to k-means clustering, you'll learn how to identify clusters and interpret their significance in real-world datasets.


Chapter 9. Association Rules in SAS: Association rule mining is a valuable technique for discovering interesting relationships within data. In this chapter, we will explore association rules in SAS, covering techniques for mining frequent itemsets and generating actionable insights from transactional data. Whether you're analyzing market basket data or customer purchase histories, this chapter provides practical guidance for uncovering hidden patterns and associations.


Chapter 10. Generating Reports in SAS: Effective reporting is essential for communicating insights and driving decision-making. In this chapter, we will explore techniques for generating reports in SAS, covering topics such as ODS output, PROC REPORT, and SAS Visual Analytics. Whether you're creating ad-hoc reports or automated dashboards, this chapter provides the tools and techniques needed to present your findings with clarity and impact.


Each chapter of the Ultimate Statistical Analysis System (SAS) for Data Analytics is designed to provide practical guidance and real-world examples to help you master the essentials of SAS and excel in your role as a data professional. Whether you're conducting basic data manipulations or delving into advanced analytical techniques, this handbook serves as your comprehensive guide to harnessing the power of SAS for data analysis and decision-making.


Whether you are a data scientist, analyst, researcher, or anyone seeking to harness the power of data for actionable insights, the Ultimate Statistical Analysis System (SAS) for Data Analytics is your definitive companion on the journey to becoming a proficient SAS user. Prepare to embark on an enriching learning experience that will elevate your analytical skills and unlock new possibilities in the world of data analysis.


Happy analyzing!
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CHAPTER 1


Introduction to SAS for Data Professionals



Introduction

Welcome to the world of SAS, where numbers transform into stories! SAS is like a superpower for folks who work with data. It helps us understand information better, making it super valuable. In this chapter, we are going to start our journey with SAS. Even if you are new to this, we will guide you through each step.

Think of SAS as a handy tool that helps us manage, analyze, and see our data in a clear way. Whether you are already good with numbers or just starting, this chapter will make sure you feel comfortable with SAS. We will talk about how SAS came to be, why it is so important, and what cool things you can do with it. So, get ready to dive into the SAS world – where data turns into exciting stories!

Structure

In this chapter, we will discuss the following topics:


	Evolution of SAS

	Significance of SAS in Data Analytics

	Key Features of SAS

	Installation and Setup

	Introduction to SAS Programming Basics



Evolution of SAS

The evolution of Statistical Analysis System (SAS) can be traced through significant milestones in its development. Here is a concise overview:

The journey of SAS unfolds through key milestones, reflecting its evolution into a versatile and widely adopted analytics platform:


	
Inception and Academic Roots (1966):
SAS originated as a project at North Carolina State University, founded by Jim Goodnight and John Sall, initially focusing on statistical analysis in agricultural research.



	
Commercialization and SAS Institute (1976):
The commercialization of SAS led to the establishment of the SAS Institute in 1976. This marked a pivotal shift, making SAS more widely available across industries.



	
Diversification of Platforms (1980s):
SAS expanded its platform support, extending compatibility to various operating systems such as UNIX and mainframes. This diversification increased its presence in finance, healthcare, and government sectors.



	
Introduction of Graphical User Interface (GUI) (1984):
A significant advancement came with the introduction of SAS/AF, a graphical user interface, making SAS more user-friendly and accessible.



	
Embrace of Data Warehousing and Business Intelligence (1990s):
SAS ventured into data warehousing and business intelligence solutions, playing a vital role in data integration, reporting, and analytics for enterprises.



	
Integration of Internet Technologies (2000s):
SAS adapted to the internet age by integrating web technologies into its offerings. This period also saw advancements in data mining, machine learning, and advanced analytics.



	
Focus on Analytics and Big Data (2010s):
SAS sharpened its focus on advanced analytics, predictive modeling, and big data analytics. The introduction of SAS Viya, a cloud-native platform, showcased its commitment to modernizing analytics solutions.



	
Artificial Intelligence and Machine Learning Integration (Present):
SAS remains at the forefront by integrating artificial intelligence and machine learning capabilities, catering to the evolving landscape of analytics.





Through these transformative phases, SAS has evolved from an academic statistical tool to a globally recognized analytics platform. Its commitment to innovation and reliability has positioned SAS as a leader in the dynamic field of data analysis.

Significance of SAS in Data Analytics

The significance of SAS in data analytics is profound, making it a cornerstone in the field. Here are key aspects highlighting the importance of SAS:


	
Comprehensive Data Management:
SAS offers robust tools for data management, allowing users to efficiently organize, clean, and manipulate large datasets. This capability is essential for preparing data for analysis, ensuring accuracy and reliability.



	
Advanced Statistical Analysis:
SAS is renowned for its diverse set of statistical procedures, enabling users to perform a wide range of analyses. From basic descriptive statistics to complex predictive modeling, SAS provides a comprehensive suite of tools for extracting valuable insights from data.



	
Data Visualization and Reporting:
SAS excels in data visualization, offering powerful graphics and reporting capabilities. Users can create compelling visualizations, dashboards, and reports, enhancing the communication of analytical findings to stakeholders.



	
Predictive Analytics and Machine Learning:
SAS is at the forefront of predictive analytics and machine learning. Its advanced algorithms empower data analysts to build predictive models, identify patterns, and make data-driven forecasts, contributing to informed decision-making.



	
Integration with Big Data:
SAS seamlessly integrates with big data environments, allowing organizations to leverage their vast datasets. This integration ensures that SAS remains relevant in the era of massive and complex datasets, providing scalable solutions for analytics.



	
Versatility across Industries:
SAS is widely adopted across various industries, including finance, healthcare, government, and more. Its adaptability to diverse domains showcases its versatility and applicability to different analytical needs.



	
Enterprise-Level Analytics Solutions:
SAS offers enterprise-level solutions for analytics, including SAS Viya, a cloud-native platform. This ensures that organizations can deploy analytics at scale, fostering collaboration and data-driven decision-making across departments.



	
Reliability and Trustworthiness:
SAS is recognized for its reliability and the trust it instills in its users. Its longevity in the field and adherence to rigorous standards contribute to the confidence organizations place in SAS for critical data analytics tasks.





In summary, SAS plays a pivotal role in the data analytics landscape by providing comprehensive solutions for data management, statistical analysis, visualization, and advanced analytics. Its significance is underscored by its adaptability to diverse industries, reliability, and continuous innovation in response to evolving analytical needs.

Key Features of SAS

Statistical Analysis System (SAS) is a powerful and versatile software suite that offers a range of features, making it a leading choice for data analytics. Here are the key features of SAS:


	
Data Management:
SAS provides robust tools for data manipulation, cleaning, and transformation. Efficient handling of large datasets, ensuring data integrity and quality.



	
Statistical Analysis:
A comprehensive set of statistical procedures for descriptive and inferential analysis. Advanced statistical modeling for predictive analytics and hypothesis testing.



	
Data Visualization:
Powerful graphics and visualization tools for creating insightful charts, graphs, and dashboards. Enhances the communication of analytical findings through compelling visual representations.



	
Machine Learning and Predictive Analytics:
Extensive machine learning capabilities for building predictive models. Algorithms for clustering, classification, regression, and anomaly detection.



	
Integration with Big Data:
Seamless integration with big data technologies, allowing analysis of massive datasets. Support for distributed computing environments for scalability.



	
Text Analytics:
Natural Language Processing (NLP) and text mining capabilities for analyzing unstructured data. Extraction of valuable insights from textual information.



	
Business Intelligence (BI) and Reporting:
Comprehensive BI solutions for creating reports and interactive dashboards. Ad hoc reporting and scheduled report generation for informed decision-making.



	
Data Security and Compliance:
Robust data security measures, including access controls and encryption. Compliance with industry standards and regulations, ensuring data privacy.



	
Scalability and Performance:
SAS is designed to scale, handling analytics tasks for both small-scale and large-scale enterprises. Optimized performance for processing and analyzing complex datasets.



	
Open Architecture and Platform Independence:
Supports open standards, allowing integration with other technologies and platforms. Platform-independent, running on various operating systems and environments.



	
Cloud-Native Solutions (SAS Viya):
SAS Viya, a cloud-native platform, offers flexibility in deploying analytics in the cloud. Distributed computing and parallel processing for enhanced performance.



	
Quality Assurance and Validation:
SAS adheres to rigorous quality assurance standards. Validation and certification for compliance with regulatory requirements.



	
Community and Support:
Active SAS community for collaboration and knowledge-sharing. Comprehensive support services, including documentation, training, and customer support.





These features collectively make SAS a comprehensive and reliable tool for data analytics, addressing the diverse needs of organizations across various industries.

Installation and Setup

Setting up SAS involves several steps to ensure a smooth installation process. Here is a general guide to help you with the installation and setup:


	
System Requirements:
Check the official SAS documentation for the specific system requirements. Ensure your computer meets the prerequisites, including hardware specifications and supported operating systems.



	
Obtain SAS Software:
Acquire the SAS software from the official SAS website or through authorized distributors. Ensure that you have the necessary license or subscription key for installation.



	
Installation Steps:
Run the SAS installation package. Follow the on-screen instructions provided by the installation wizard. Choose the components you want to install, such as SAS Base, SAS Enterprise Guide, or specific modules based on your needs.



	
Licensing:
During installation, you will be prompted to enter the license information. Verify the licensing details to ensure a valid and authorized installation.



	
Configuration:
Configure SAS based on your preferences and requirements. Set options such as installation path, language, and additional settings.



	
Testing the Installation:
After installation, perform a test to ensure that SAS is running correctly. Launch the SAS software and execute a simple task or program to verify functionality.



	
Updates and Patches:
Check for updates, hotfixes, or patches available on the SAS support website. Keep your SAS installation up-to-date to benefit from the latest features and bug fixes.



	
Documentation:
Refer to the SAS documentation for detailed information on using the software. Explore resources such as user guides, tutorials, and online communities for additional support.



	
Troubleshooting:
In case of any issues during installation, consult the SAS documentation or seek assistance from SAS support forums. Address any error messages or issues promptly to ensure a stable installation.



	
Training and Resources:
Familiarize yourself with SAS by taking advantage of training programs, webinars, and documentation. Explore online communities and forums to connect with other SAS users and gain insights.





Remember, the steps might vary slightly based on the specific SAS product and version you are installing. Always refer to the official SAS documentation for the most accurate and up-to-date instructions.


Introduction to SAS Programming Basics


Welcome to the fascinating world of SAS programming! SAS, or Statistical Analysis System, is a powerful tool that empowers you to analyze and transform data for informed decision-making. No worries if you are new to SAS, we will take you through step-by-step process.


	
Understanding SAS Language:
SAS speaks its own language, and like any language, it has its rules. In SAS, you will be using statements to tell the system what you want to do. Think of it as giving instructions to SAS to perform specific tasks, such as reading data, analyzing it, or creating reports.



	
Components of SAS Programs:
A SAS program typically consists of two main components: data steps and procedures. Data steps handle the manipulation and creation of datasets, while procedures are like pre-built routines for tasks like statistical analysis or creating graphs.
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Figure 1.1: Components of SAS programs

SAS Programs

In SAS programming, a sequence of statements is executed in a specific order. Each statement conveys information or instructions to SAS and must be appropriately positioned within the program.


	
SAS Statements:
“Similar to any language, SAS programs have specific rules to adhere to. Fortunately, the rules for writing SAS programs are notably fewer and simpler compared to those of the English language.”





Note: Every SAS statement ends with a semicolon.


	
Layout of SAS programs:
In SAS programs, you are free to arrange things however you like. While making your program look tidy with each statement on a separate line and while using spaces to organize is helpful, it’s not a must. Some points to remember:


	
You can use uppercase or lowercase letters

	If a statement is too long, it’s okay to put part of it on the next line

	Statements can be on the same line

	You can start a statement anywhere







SAS gives you lots of freedom to write your programs the way that makes sense to you.


	
Comments:
Adding comments to your SAS programs is a great way to explain things. SAS doesn’t pay attention to what you write in comments—it’s like your own notes section. Comments are used to explain your program, making it simpler for others to read and understand what you did and why.





There are two ways to write comments:


	Using an asterisk (*) at the beginning and ending with a semicolon (;)

	Starting with a slash asterisk (/*) and ending with an asterisk slash (*/)

	
Variables and Observations:
In SAS, the heart of any dataset is its data, which is organized into variables and observations. If we adopt the language of relational databases, SAS data sets are essentially tables. Each row in the table is an observation, and the columns represent variables. For example, in a table, 'Id,' 'Name,' 'Height,' and 'Weight' are variables, while each line represents a unique observation.



	
Data Types:
SAS simplifies data types into two categories: numeric and character. Numeric fields deal with numbers—addition, subtraction, decimals, positive or negative values. They may include symbols like plus or minus signs, decimal points, or scientific notation (E). On the other hand, character data encompass everything else—letters, numerals, or special characters like $ or ! — and can be up to 32,767 characters long.
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Figure 1.2: Data types in SAS

Deciding whether a variable is numeric or character depends on its use. If a variable includes letters or special characters, it’s character. If it contains only numbers, it may be either numeric or character, and your choice should align with how you intend to use it. For instance, ZIP codes, even though made up of numerals, often make more sense as character data.


	Missing Data: Represented by Blanks or Periods:



Despite our best efforts, data may sometimes be incomplete. Missing character data are shown as blanks, while missing numeric data are represented by a single period (.). In the context of a dataset, this means that if, for instance, the weight of an observation is unknown, it would be marked by a period. Similarly, if the name of another observation is missing, it’s simply left blank.


	
Naming Rules for Variables and Data Set Members:
Follow these simple rules when naming your variables and data set members:


	Names must be 32 characters or fewer

	Must start with a letter or underscore (_)

	Can contain only letters, numerals, or underscores (_)

	Avoid special characters like %$!*&#@





	
Building SAS Programs: DATA Steps and PROC Steps:
SAS programs are crafted using two fundamental elements: DATA steps and PROC steps. A typical program begins with a DATA step, where a SAS data set is created, and then proceeds to a PROC step for further processing. Let us take a look at a straightforward example:
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In SAS, these steps consist of statements, each serving a specific purpose. A step can have as few as one or as many as hundreds of statements. However, most statements work exclusively in either DATA steps or PROC steps, not both. The key distinction lies in the purpose: DATA steps read and modify data, while PROC steps analyze data, perform utility functions, or generate reports.


	
DATA Steps:

	Begin with the DATA statement, creating a SAS data set (for example, `DATA Distance;`)

	Can include DO loops, IF-THEN/ELSE logic, numeric and character functions, and various data manipulation techniques

	Allow combining data sets in different ways, such as concatenation and match-merge





	
PROC Steps:

	Start with a PROC statement, specifying the procedure to perform (for example, `PROC PRINT data=Distance;`)

	Typically have a limited set of possible statements, akin to following a recipe

	Perform tasks ranging from basic sorting and printing to advanced analyses like variance and 3D graphics







A step concludes when SAS encounters a new step (marked by a DATA or PROC statement), a RUN, QUIT, STOP, or ABORT statement, or, in batch mode, at the program’s end. RUN statements instruct SAS to execute the preceding lines of the step. In the given example, the DATA step concludes when the PROC statement is reached. The PROC step concludes with a RUN statement, signaling the end of the program.

Flexibility in SAS Programs: Shaping the Flow

In SAS programming, the traditional pattern involves starting with a DATA step to input or modify data, followed by a PROC step for further processing. However, this is just one of many possible arrangements. Just as building blocks can be stacked in various orders, DATA and PROC steps can be organized in any sequence. In fact, a program could exclusively consist of DATA steps or PROC steps.

To sum up, here is a comparison between the basic characteristics of DATA and PROC steps:








	
Aspect


	
Data Steps


	
Proc Steps





	
Primary Function


	
Input or modify data


	
Analyze data, perform utility functions, or generate reports





	
Typical Use


	
Data manipulation, creation of SAS data sets


	
Data analysis, reporting, and specialized procedures





	
Statements


	
DO loops, IF-THEN/ELSE logic, functions, and so on.


	
Specific to each procedure, typically consistent across





	
Order in Program


	
Can be anywhere, often at the program start


	
Can be anywhere, often after DATA steps






Table 1.1: Comparison between DATA and PROC Steps

It is essential to note that this table simplifies the distinctions. SAS’s flexibility means that the roles of DATA and PROC steps can overlap. For instance, PROC steps can create SAS data sets, and DATA steps can generate reports. Nonetheless, grasping the fundamental roles of DATA and PROC steps significantly aids in writing SAS programs effectively.

Note: DATA steps execute line by line and observation by observation.

Understanding the Flow of DATA Steps in SAS

In SAS programming, DATA steps play a pivotal role in reading and modifying data, offering users significant control over data processing. However, beneath this flexibility lies an implicit, built-in loop that executes line by line and observation by observation.

This concept is crucial, yet it is often not explicitly stated, leading new users to discover it through experience. The understanding that DATA steps progress through lines one by one is straightforward: SAS executes line one before line two, and so on. However, the subtlety lies in the fact that DATA steps also operate observation by observation.

In essence, SAS takes each observation one at a time, running it through the entire DATA step (line by line) before looping back to process the next observation. Imagine the SAS program in slow motion: SAS reads the first observation, executes the DATA step, writes the current observation to a new output data set, and repeats this process for each observation.

Here is a simplified depiction of how an observation flows through a DATA step:



	
Input Data Set

|

v

DATA Step (Line by Line)

|

v

Output Data Set

|

v

Repeat for Each Observation

|

v

Next Step (if any)






This iterative, observation-centric execution is crucial for avoiding issues like using a variable before its creation. It is a core aspect that distinguishes SAS DATA steps and ensures a systematic approach to data processing.

SAS Interface Overview: Navigating the Main Windows

Upon launching SAS, five primary windows unfold: Editor, Log, Output, Results, and Explorer.


	
Menu Bar and Toolbar: Positioned at the top, the menu bar and toolbar provide access to commands, with buttons executing frequent actions

	
Status Line: At the bottom, the status line furnishes information on the current directory and editor cursor position



Main Window’s Functions:


	
Editor Window:

	Purpose: For typing, editing, and running programs

	Output: Log and procedure output appear in Log and Output windows





	
Log Window:

	Displays SAS statements submitted, along with program execution details, warnings, and errors





	
Output Window:

	Exhibits printed results of procedures, showcasing statistical analysis outcomes





	
Results Window:

	Acts as a graphical index to the Output window, facilitating navigation through extensive procedure output. Enables viewing, printing, deletion, or file-saving by right-clicking





	
Explorer Window:

	Allows interactive examination of SAS datasets and libraries via double-clicking







Tip: Here are some tips for programming, especially if you are a beginner:



	
Take Small Steps:
Start with small parts of your program. Don not try to do everything at once.



	
Build on Success:
Once something works, build on it. Don not rush to tackle a big, complicated program from the start.



	
Check Along the Way:
Always check your results as you go. Even if your program runs without errors, it might not be correct.



	
Expect Mistakes:
It’s normal to make mistakes, even if your program does not show errors. A missed semicolon or a typo can happen to anyone.



	
Human Errors Happen:
You are human, and mistakes like forgetting a semicolon or misspelling words are common.



	
Correcting Mistakes:
If you do encounter errors, don not worry. Most programs don not work perfectly the first time. Building your program step by step makes it easier to fix mistakes.





Remember, programming is a learning process, and taking it one step at a time makes it more manageable. Don not be discouraged by mistakes; they are a natural part of the learning journey.

Writing Your First SAS Program:

Let’s get hands-on! In a SAS program, you will start with a data step to bring in your data. For example, you might read a dataset from a spreadsheet or a database. Here is a simple example:
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