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SAS – The State of Technology


One major difficulty facing today’s IS professional is information overload. There is so much information; it is often difficult to discern any correlation between information from different sources. That is where the SAS Data Warehouse System can be an invaluable tool. It can be used to analyze data on various platforms and in different database formats throughout the enterprise. Since was the SAS developed from the Decision Support environment, SAS, Inc is well equipped to assist in the resolution of business problems.

What is SAS?


SAS stands for Statistical Analysis Software, the product of SAS, Institute Inc. SAS is a comprehensive family of over twenty statistical analysis products. Their purpose is to work together to provide data access, management, analysis, and presentation regardless of source or structure. SAS, Inc is the world’s largest privately held software company.


“James Goodnight, along with three other cofounders, wrote the original version of the SAS code in the late 1960’s, while he was studying for his Ph.D. in mathematics at North Carolina State University, in Raleigh.” (Hartman, 1986, p 91). It was originally designed to analyze agricultural data in classes, but Goodnight soon found many customers outside the University. SAS Institute Inc. is based on a campus in Cary, North Carolina, where the university setting has been maintained, as opposed to a more structured corporate setting. 

SAS’s Overall Popularity


SAS spends 30-55% of its operating budget on research and development. This is as much as twice the amount that any other major software developer. This philosophy has paid off. In 1986, SAS held “81% of the statistical analysis market for IBM mainframe users.” (Hartman, 1986, p 91). SAS has boasted over 20 consecutive years of double-digit growth. According to their documentation, they currently have over 3.5 Million users at 31,000 locations in 120 countries. Their customers include all of the Fortune 100, 90 % of the global 500, most of the major government agencies, and many academic institutions. Yearly revenue is in excess of $870 Million. SAS has also received numerous awards from computer magazines, both from the editorial staff and viewers choice awards.

Why is SAS so Popular?

SAS is a Multi-Function Data Analysis Package


“SAS computes a very wide range of descriptive and comparative statistics and performs ANOVA, MANOVA, factor and Cluster analysis, plus least squares, GLM and non-linear regression.” (Barber, 1989, p 138). “The company values its product’s appeal as a data center chameleon: all things to all people and adaptable to almost any application, from a single-user statistics package to an enterprise wide, cooperative - processing data delivery system.” (Ricciuti, 1992, p 29). 

SAS is a Multiplatform Package


“It runs on just about any platform and operating environment out there: IBM’s MVS, DEC’s VMS, many UNIX varieties, ... and DOS and OS/2” (Ricciuti, 5/1/92, p 30) as well as Microsoft Windows NT. Code developed on one platform requires minimal (or no) adjustments to run on another platform. The machine specific support is handled by differences in the base SAS code running on each device.

SAS Features are Built with Programmers in Mind


After constructing a report, a programmer may save it for use later. This came be run continuously, as a scheduled job, or on demand.


Byte Magazine reviewed five statistical analysis packages with the following data: 1001 - 1009, 1001 - 1009 E8 and 1001 - 1009 E-8. These values were chosen to see how the packages reacted to data with both large differences and small. Three of the packages refused to compute the analysis, and the fourth ran without any messages. On the other hand, “SAS noted this problem, found an answer and then warned of a potential error, with a suggestion on how to fix the problem.” (Wayne, 1992, p 262). 
 


Programmers will find many helpful features. “Since the code is copiously commented, SAS users have the best of both worlds – freeform and menu-driven programming.” (Simon, 1991, p 38). “Syntax errors in programming are underlined in red on the system log screen, with notes explaining the type of statements the program would expect at that point in the given statistical procedure.” (Simon, 1989, p 138).

 SAS and Artificial Intelligence


Artificial Intelligence (AI) is an area of computer programming where the computer is able to very closely emulate a human’s actions or thought processes. One area of AI is speech recognition. As early as 1986, it was reported: “Now customers are asking about Artificial Intelligence, and company programmers are experimenting on a system that will respond to voice commands” (Hartman, 1986, p 92). Although this never became a standard feature within the product, it does demonstrate the commitment SAS has towards research.


Another area of AI is a neural network. This form of AI allows the computer to use parallel process to emulate human thought. Once created, the system is able to learn from experience what data and conditions should be acted upon. SAS initially developed its Neural Network as a project in England designed to monitor the user’s network for physical device faults and network traffic. This neural net was used to predict problems in the network before they became outages, and made recommendations on how the problem could be corrected. This work can be accomplished by any number of programs today – the interesting fact here is that they started in 1992.

SAS as a DSS Generator


A Decision Support System (DSS) is a system that is designed to provide analysis and make recommendations on a specific business or scientific problem. SAS can be used to create this type of system. Northwest Airlines “uses SAS for financial data analysis, survey marketing, technical operations and even maintenance and cargo tracking.” (Ricciuti, 1992, p 30).

Drawbacks with SAS

SAS can be Expensive


SAS employs an interesting concept in relation to its licensing procedures. Rather than selling a copy to the user, SAS uses a concept called seats. SAS licenses a single user seat for one year. Once the initial license is purchased, the user must purchase extensions each year. This entitles the user to continue using the product, as well as automatically receiving updates. This process can cost more than an outright purchase of a simpler package, but the user will not have their software become outdated.

SAS can have a Large Learning Curve


Because SAS has so many features and modules, it is very large. It was one of the first programs available on CD-ROM because of this. As one 1991 article described it: “The stack of documentation ... was nearly two feet high - the Base and Advanced statistics modules each have over 2000 pages of documentation, and even the Graphics module weighed in at over 1400 pages. The only word to describe the program is “overwhelming’” (Simon, 1991, p 38). 

The SAS Suite

Product List

Base SAS 

Enterprise Miner
Enterprise Reporter
SAS/ACCESS

SAS/AF

SAS/ASSIST


SAS/CALC

SAS/CONNECT

SAS/EIS 


SAS/ETS

SAS/FSP

SAS/GIS


SAS/GRAPH

SAS/IML

SAS/INSIGHT


SAS/IntrNet

SAS/LAB

SAS/MDDB Server 

SAS/OR

SAS/QC

SAS/SHARE


SAS/SPECTRAVIEW

SAS/STAT

SAS/TOOLKIT


SAS/Tutor

SAS/Warehouse Administrator

Base SAS


Provides the core data access, management, analysis and reporting. It can access data in any format – variable length records, binary files, free-format text, even files with “messy or missing data.” All of this is available in a fully customizable interface. 

SAS Enterprise Miner 


The SAS Enterprise Miner GUI is designed to allow a businessperson with little statistical expertise to perform complex analysis via a number of statistical models while the process works “behind the scenes.” SAS uses a process called SEMMA (Sample, Explore, Modify, Model, and Assess) as its data-mining engine. In the Sampling phase, a small sample of data is extracted in order to discern the metadata structure. In the Explore and Modification phases, the user is guided though the process of paring down the variables to those most likely to have a predictive impact. Neural networks and classification trees are used to analyze the data during the Modeling phase.

SAS Enterprise Reporter


This product allows the user to change formatting and “flesh out” the report using Microsoft style tools. SAS Enterprise Reporter allows a user to produce reports in hardcopy, create “.pdf” files for e-mail distribution, or to publish them to the Web server.

SAS/ACCESS


SAS/ACCESS provides communication with a plethora of data types, regardless of the platform, while keeping security over the data. Data can then be cleansed, transformed, and analyzed by BASE SAS. SAS/ACCESS can also pass queries and joins to the target database – improving performance and reducing network traffic. It shields the user from having to learn SQL or other complicated query languages. Translations into the appropriate DBMS and files system are handled automatically. The also provides an added benefit, in that if the data structures changes, the report does not have to be rewritten. SAS/ACCESS can communicate with a variety of databases, such as:

ADABAS 

Baan 

CA-Datacom/DB 

CA/IDMS 

DB2 

DB2/2 

DB2/6000 

IMS-DL/I 
INFORMIX 

INGRES 

ODBC 

ORACLE 

PC File Formats 
Oracle Rdb 
R/3 

SYBASE 

SQL Server 
SYSTEM 2000 software 

SQL/DS 

SAF/AF


SAS/AF is an interactive application development environment that allows you to develop point and click applications “without writing code or knowing the SAS language.” Since SAS is portable across hardware platforms, code only has to be written once. This tool allows the programmer to quickly develop customized GUI’s, data entry screens and computer-based training.

SAS/ASSIST


SAS/ASSIST allows the developer to create a variety of interfaces into the same program. This allows for flexibility so that users with varying business, computer, and statistical backgrounds can use the program in a way that is comfortable to them. Front-end interfaces can even be in different spoken languages. Since a separate program is not required for each interface, changes to the logic of the program still only have to be made once.

SAS/CALC


SAS/CALC is a fully integrated product that allows users to create 2 and 3-dimensional spreadsheets. Spreadsheets can be hot-linked so that changes in any referenced file will update graphs. In addition to standard formula tools, a macro language is available, along with a backward equation-solving tool that allows for goal seeking. Optimization and what-if analysis are also available.

SAS/CONNECT


This middleware tool allows you to tune how reports are generated. Applications can be scheduled for off-peak times, processing can be shifted to particular systems, and distribution can be automated. Programs can even be divided and executed in parallel on different machines – without recompiling. “PC’s, servers and mainframes all act as clients and servers.”


SAS/CONNECT support a variety of protocols including APPC, TCP/IP, DECnet, NETBIOS, HLLAPI, TELNET and ASYNC.

SAS/EIS


An Executive Information System is created to provide top-level management with an overview of the current status of the company. It is a graphical summary of information gathered from various sources. An EIS typically contains a “drill down” feature which allows the Executive to gain additional information by double clicking in a particular area. 


Citibank created an EIS to evaluate information from over a million calls a month by its telemarketers. (Ricciuti, 1992, p 31). Jefferson - Pilot uses SAS and has seen a huge difference in productivity since it has started moving toward SAS for its programming instead of COBOL. It is also able to create applications that “weren’t possible or feasible with COBOL or other traditional technologies.” (Ricciuti, 1992, p 32). 


Features include an Organization Chart display, a multidimensional data viewer, and a variety of bar graphs that allow for quick and easy analysis. SAS/EIS also contains more than 30 prewritten standard reports to allow the user to perform widely used functions without having to develop reports.


Customized reports can be created to perform advanced variance analysis/exception reporting, track Critical Success Factors, and business forecasting.

SAS/ETS


Accurate predictions are a key factor in the success of a business. With SAS/ETS, you can make forecasts, perform time series analysis, predict cash flows, and model complex dynamic systems. Advanced tools such as smoothing, seasonal adjustments, and autocorrelational error handling routines are included. SAS/ETS contains modeling routines for mechanical, electronic, hydraulic and hydrological systems. Econometrics, biological models and ecological estimations are also included.

If the user needs statistical analysis tools that are beyond the norm, SAS/ETS contains a library of statistical tests including heteroscedasticity, normality, autocorrelation, unit root, stationarity, serial correlation and nonlinear parameter estimates. Financial data is also no problem for SAS/ETS. Time value of money functions can be used to analyze loan alternatives including the standard fixed rate, adjustable rate, buy-down rate and balloon payment loans.


In addition to the standard aggregation functions for time series, SAS/ETS will interpolate data from a higher frequency to a lower frequency (such as monthly to weekly). This unusual feature can be used when the data coming from different sources has different granularities.

SAS/FSP


This tool allows the developer to use the power of SAS as a “full-function information processing system.” Data entry panels and interactive programs can be created that allow the user to retrieve, analyze, and update data from SAS files and external files. 

SAS/GIS

SAS/GIS is designed to analyze spatial data, i.e. any data that is referenced geographically. Demographics, marketing and epidemiological studies can take advantage of this feature. Data can be represented in maps showing physical features such as roads and waterways, as well as political boundaries. Different dimensions can be organized into layers that can then be overlaid, showing their relationship. 

SAS/GRAPH

SAS/GRAPH gives the user the ability to produce 2 and 3-d graphical output in a variety of formats such as pie, bar, scatter, and line charts - even AVI video clips complete with audio tracks. It can even store and retrieve complex images such as MRI and CT scans and satellite images. Choropleth maps are even included. 
SAS/IML


The possibilities are endless with this matrix manipulation tool. Kalman filtering and smoothing are some of the state of the art techniques available.

SAS/INSIGHT


The powerful modeling facilities in SAS/INSIGHT allow you to identify potential relationships in your data, and then test your theory. Variance, covariance, logistic regression, Poisson regression, hat diagonal, Cook’s D and Dfbetas are all included, along with Weibull distributions using Kolmogorov’s D statistic.

SAS/IntrNet Software


Make your information available to users around the world with SAS/IntrNet Software. All of the benefits of the browser paradigm are in effect – no costly clients, only one place to update code, reduced paper expense, etc. Static Web pages can be saved and presented, but the power is in using dynamic pages that actually make calls to the SAS System and calculate the results before sending them to the user. Facilities even exist for ad-hoc end-user reporting through a browser.

IntrNet is part of a portfolio of SAS web tools which provide standardized methods for web enablement that don’t require SAS, CGI or PERL expertise. They allow customers to leverage their SAS investment.

SAS approaches web development in two ways: HTML formatters to develop static Web pages, and SAS/IntrNet to create dynamic web pages. Dynamic Web pages accept user inputs and facilitate SAS software analysis with drill down capabilities. 

All of the SAS Web publishing tools are implemented as SAS macros which are imbedded in SAS programs in interactive or batch mode. With the interactive mode, which is only available in Release 6.12, the user runs the desired SAS procedure and then selects the HTML formatting options through a graphical interface. These formatting options can then be saved and used in batch mode. With the Batch mode, the same macros are used but instead of specifying format settings using the interactive interface, the settings are specified as arguments to the macros.

The formatters and graphic drivers used for static web pages are:

· HTML output formatter – Captures output form the SAS output or log window and generates HTML code.

· HTML data set formatter – Captures any SAS data set, including views, and generates HTML table code.

· HTML tabulate formatter – Captures PROC TABULATE output and generates HTML table code.

· Graphics drivers – Uses the existing drivers in SAS/GRAPH software to create GIF and JPEG output which are the most widely supported graphics formats on the Web.

Unlike creating static Web pages by running a SAS program as a separate, preliminary step, creating dynamic web pages entails useing a SAS program on a server which delivers the results to a Web browser.

The SAS tools for dynamic pages are conceptually similar to traditional applications development tools, and the web browser is the graphical user interface (GUI) to perform specific tasks. The dynamic web tools include both a data services offering and a compute services offering. 

Data Services are drivers that link the user with a database. The user passes a query to the data services driver which in turn interacts with the database management system and receives the results back. In most cases, another application, typically written in Java or CGI, is passed the results from the data service and generates a report back to the browser.

The three data services components are:

· htmSQL is a CGI application currently just for UNIX-based web servers.

· ODBC drivers which allow any Windows application (or any Window-based Webserver (e.g., Microsoft IIS)) to access SAS data and passes the results to a data formatting program.

· JDBC drivers give Java programs access to SAS data. The JDBC drivers are essentially a Java class library that allow the user to specify a SQL query, send it to the server, get the results back and then do something with it. 

Compute Services provide the ability to run a SAS program directly from a browser. The user selects the SAS program, where it is to be run, and what output desired. So it's a gateway that allows access to SAS functionality from a local thin client.

SAS/LAB


Engineers and scientists find this tool useful, since it not only has all the standard statistical tools, as well as box-and-whisker plots and an electronic journal. Its suggestion-driven interface provides the key to converting scientific data into statistical information available to your entire organization, while keeping your technical personnel focused on their research.

SAS/MDDB Server Software


This tool allows the data warehouse information to be packaged in a multidimensional database, suitable for delivery to an OLAP client. The Online Analytical Processing Client can then be used to “slice and dice” the data to provide reporting and analysis. The MDDB can be created on any major system where SAS resides and can be accessed from applications on any platform that SAS can communicate with, even Web servers.

SAS/OR


SAS/OR is a project management tool that allows the user to plan, manage, and track projects using Gantt charts, decision trees, and other common tools. It can also model networks used for production, distribution and transportation, and assist in resource allocation. Resource priorities, complex project calendars, alternative resources, deadlines, and multiple precedence relationships are no problem for this module. 


Data is transformed into decision support information allowing you to allocate resources, determine product mix and blending, plan inventory levels, budget financial resources, and choose appropriate staffing levels.

SAS/QC


This uncompromising tool allows you to model business processes (current and proposed) using Ishikawa diagrams. R-charts and p-charts are just some of the tools that can be use to assess the reliability of your products. With this information, warranty plans can be formulated, and repair part inventories can be allocated. 

SAS/SHARE


With this product, users can access files simultaneously. SAS/SHARE handles the data format conversion between the different environments. In addition to native security, SAS/SHARE has its own security – requiring passwords before accessing the server.

SAS/SPECTRAVIEW Software 


This is a data visualization and analysis tool for geometric images representing multidimensional data. This is particularly useful in medical imagining, oil exploration, chemical and pharmaceutical studies, environmental sciences, and financial analysis. 


Once the data has been sized, oriented, and labeled appropriately, it can be saved in the TIFF format for use in other applications.

SAS/STAT


This module contains the core statistical analysis software for standard needs and many specialized needs. Areas include: variance analysis, a variety of regression methods, category assignment, multivariate analysis, survival analysis, psychometric analysis, cluster analysis, and nonparametric analysis including Kruskal-Wallis, Wilcoxon-Mann-Whitney and Friedman tests. 

SAS/Toolkit


If for some reason you can’t find and existing module or function to perform your analysis, you can use SAS/Toolkit to develop your own procedures and engines, which can then call upon the vast power of the SAS System. The Toolkit has a variety of features that ease the process, including a library of standard routines for calling upon SAS resources and a debugging facility. You can write the code in C, FORTRAN, PL/1, or IBM assembler.

SAS/TUTOR


This library of interactive online training courses features, questions, quizzes, case studies and optional reviews. It also includes a search facility to point the user to particular topics. Like the rest of the SAS System, courses are available on a large number of environments including: MVS, CMS, OS/2 Windows, Macintosh and UNIX. A tracking mechanism can be used to monitor students’ progress. Since costing depends on products owned and the platform used, licensing can be tricky.

SAS/Warehouse Administrator Software


This tool allows the administrator to manage data warehouses and data marts through a metadata-driven architecture and a graphical user interface. It handles the scheduling of processes for warehouse maintenance and the integration of decision support tools.

Specialized SAS Tools


Because users within a given organizational segment tend to use the same analysis and reporting methods, SAS has developed a series of offerings that already contain most of the tools necessary to manage a given division within a corporation. 

· IT Service Vision – Allows Information Technology managers to make informed decisions about the network and its resources, without becoming overwhelmed by the sheer volumes of data. Capacity planning, performance statistics, and IT budget forecasting are all included in this application.

· HR Vision – The first fully comprehensive DSS specifically designed for Human Resource managers. With links into PeopleSoft, SAP, and other transaction processing, HR Vision provides the reporting and analysis environment required to utilize Human Resources most effectively. Gain insights into the workforce, determine demographic information, and combine information from a variety of sources into a single comprehensive source. Obviously, this information can be of a highly sensitive nature, so data security is a must. HR Vision can allow the user access to aggregate information and statistics without revealing individual information.

· CFO Visio – Provides a decision support system the does not rely heavily on IT resources. Financial data can be reported in a variety of currencies, even the Euro.

· SAS/PH-Clinical – Facilitates communications between different parts of the organization as they work on new product development. The FDA even accepts data submitted in SAS /PH-Clinical as part of the documentation required for new product approval.

Synopsis

The SAS environment is exceptionally powerful analysis tool, but it is also exceptionally complex. Even determining which modules are needed may require consulting services from SAS. The ability to access data across platforms and programs is invaluable to a large company. In the current, highly competitive, data management environment, SAS is a formidable competitor and valuable ally. Based on past performance and current product offerings, this should continue to be the case in the future.
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