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ABSTRACT  
This paper describes why planning your SAS® environment is fundamental in the implementation of a well-
established information management system and illustrates how the migration to SAS® Intelligence Platform version 
9 and the SAS® Credit Risk Management solution helped a large UK mortgage lender implement a good platform for 
data management, reporting and modeling activities within the Credit Risk division. The SAS® Intelligence Platform 
version 9 streamlined the operational running and maintenance tasks of the software whilst added value to its users 
by providing the ability to share programs, projects and data across the department and by performing some degree 
of self-documentation. This increases its re-usability, reduced the total cost of ownership of the software and 
simplified the operational effort required for performing day to day activities. This paper addresses some of the basic 
considerations and importance to install a framework that enables IT departments to be “in control” of all applications 
and programs, thus avoiding the risk of operational failure due to ad-hoc type development tasks. 

INTRODUCTION  
In the past, the maintenance of the SAS® Software has been notoriously difficult due to the unavailability of a single 
administration interface to manage all operational activities such as user management, providing access to various 
SAS® Servers, update of licenses, software patches and other maintenance related components. These operations 
were often managed by writing additional scripts outside the SAS® environment or by manually entering code into 
the configuration files. In the SAS® Intelligence Platform, the SAS® Management Console acts as the single 
interface to all the objects relating to SAS® Servers, users, tables, libraries where all the objects are now contained 
within one or more metadata repositories (see SAS® 9.1.3 Intelligence Platform Planning and Administration Guide). 
The architecture also makes it easier to adopt thin client architecture as much as possible to reduce the cost of 
maintaining additional client-side components.  
 
Operational Risk Management is becoming an increasingly hot topic as most lenders operate within a regulated 
environment. Despite the guidelines by various published papers (see Microsoft Operations Framework Risk Model 
for Operations and Mestchian (2004)) on the importance of operational risks around processes, people, technology 
and external events, the implementation of information systems are often performed in isolation without coupling and 
integration of these fundamental factors mentioned in these papers. Ralph Kimball et al. (1998) provided a data 
warehouse litmus test to examine the readiness of an organization for the implementation of a data warehouse. This 
test can be extended to the implementation of any information management system. Despite the funny side of this 
list, many organizations would fail the various different elements of the litmus test. K.C. Laudon and J. P. Laudon 
(1998) amongst others have expressed the major challenges remain around people, technology and the balance 
between strategic business issues and productivity before being able to use an information system wisely. 
 
The SAS® Intelligent Platform now provides powerful tools to plan your SAS® Infrastructure and to address these 
problems. The SAS® Planning and Administration Guide provides guidelines and considerations that should be 
addressed before even beginning the installation process. It is fundamental to address the roles which various 
people will play, identifying and matching their skills with the appropriate tool which would then equip the staff to 
perform at their best whilst ensuring that a scalable solution is being implemented. The wealth of data available 
today will cause dimensions and fact tables within the data marts to grow larger and therefore it is important to adopt 
efficient algorithms and parallel computing strategies to address the need for novel methods of data storage, 
annotation, analysis and visualization. 
The SAS® Credit Risk Management software bundle provided the right set of tools to enable this. 

BACKGROUND INFORMATION 
This section will provide some background to the Information Management components available and utilized within 
the organization. The company’s data warehouse was maintained in Microsoft SQL Server. At departmental level, 
the Credit Risk department owned a risk data mart built within the SAS® Software in the Microsoft Windows 
environment. A mixture of SAS® Display Manager and SAS® Enterprise Guide® was used as the programming 
interface amongst users on their desktop. Some of the users utilized SAS® on the server through SAS/CONNECT®. 
Access to the Microsoft SQL Server data warehouse and other operational data stores were obtained through SAS® 
Access through ODBC (Open Data Base Connectivity). The modeling team built models using a combination of 
SAS® Base and SAS/STAT® software through the Display Manager programming interface and also with SAS® 
Enterprise Miner™ which resided on the desktop. Access to base SAS® was provided to other departments through 
the use of SAS® Enterprise Guide® on the client. Despite the availability of the SAS® Integration Technologies, the 
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client-server mode was not utilized. Reporting was done in an adhoc manner with a mixture of using SAS® Base, 
SAS® ODS to HTML, Microsoft Excel, Futrix Software and SAS® Enterprise Guide®. There were two SAS® Servers 
where one of the software solutions was SAS® for Credit Risk Management and the 
other was a combination of SAS® Base, SAS/CONNECT® and SAS® Access to ODBC. Some additional licenses for 
the standalone SAS® Enterprise Guide® on the clients were purchased to meet the requirements of the users 
external to the credit risk department.  
 

CHALLENGES 
The following sections describe some of the challenges faced in the department.  
 
Users had the flexibility to use SAS® on the local workstations or on the server. The data and programs were 
scattered in various locations without adequate security controls in place consequently the backing up of data was 
unnecessarily expensive.  
 
SAS® Enterprise Guide® and SAS® Enterprise Miner™ projects were often duplicated and not shared. This often 
caused unnecessary strain on the production SAS® Servers due to query drains, as various users were running the 
same or similar programs where some were retrieving data from the operational data stores. It was difficult to ensure 
that all users were constantly using the same extraction routines, whereby causing discrepancies in the results 
presented.  
 
Reporting was sometimes overly complex by using SAS® to extract the data from SQL Server tables, then exporting 
them into MS Excel worksheet, to then perform the plotting of graphs and additional calculations within the excel 
worksheets to perform further calculations such as sums and averages. 
 
Lack of documentation on programs and data dictionary removed the visibility of the presence of various data, 
reports and programs. This placed a heavy unnecessary dependency on individuals. 
 
Lack of automation and scheduling caused time wastage, as running many programs was a manual process and 
often all being run simultaneously at peak time causing delays and not maximizing the usage of the SAS® Server 
efficiently. 
 
There was also duplication of work where data management was concerned. There were disparate data sources 
within the department as there was a corporate data warehouse within the Microsoft SQL Server environment and a 
data mart within the SAS® environment containing similar information but derived through separate ETL procedures. 
Both these ETL procedures were accessing data from the operational data stores. This duplication of work resulted 
in a lot of time wastage due to the amount of time spent investigating the causes of data discrepancies. 
 
Additional external customers’ performance data were being utilized by analysts whereby analysis was being 
performed directly from the compact disks. Disjointed analysis often made it difficult to obtain a continuous flow of 
information over consecutive time frames. Moreover, without the structured approach to extract, transform and load 
data, the analysis of this data was difficult as there were data quality issues, non-uniformity, and lack of automation. 
 
Despite the availability of a Development and Production environment, the software modules on these two servers 
were not coherent and therefore, it posed a challenge to use these servers for the purpose of development and 
testing.  
 
Due to increasing SAS® Software users and operational data stores, this architecture was not sustainable. Appfluent 
Technology (2002) provided some guidelines and made some comparisons amongst various software vendors as to 
the reasons behind poorly performing production systems. All the above issues were a direct consequence of not 
adhering to the continuous risk management lifecycle around technology, people and processes. The above 
scenario is often common due to rapid growth in the usage of information management systems. Walters (2004) had 
also expressed many similar issues in a previous publication and the solutions built in this project are aligned with 
the methods suggested in this paper. 
 

THE SOLUTION 
The following actions were raised to address the above problems: 

• The implementation of a good but strict practice guide to develop programs, applications or projects. This is 
a standard method for all applications be it in Base SAS®, SAS® Enterprise Guide® or SAS® Enterprise 
Miner™ 

• Streamline the SAS® Licenses and Servers 
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• The implementation of security controls for all users and groups 
• The availability of development/testing and production environments 
• The consolidation of the Microsoft SQL Server and SAS® data mart to avoid duplication of work 
• The addition of new data sources into the data mart 
• To streamline the reporting process and the provision of a reporting interface for general users  
• The provision of an information portal providing documentation of all programs, projects, applications and 

data dictionaries 
• The ability to schedule the running of programs and manage the notifications and error trapping centrally 
• The migration to a thin-client architecture by removing the need for the Base SAS® footprint on the user’s 

workstation which included the migration of all data within the local workstations 
• Migration to the SAS® Version 9 

 
 
Prior to the installation of the SAS® Intelligence Platform Version 9, some of the fundamental issues were addressed 
within the SAS®8.2 environment. There were 4 main areas of improvement here which can be categorized into: 
 

• SAS® Infrastructure 
• ETL and data mart 
• Reporting Interface 
• SAS® Version 9 Migration 

 
The total project duration was 7 months. The project team members ranged from 4 full time members to about a 
team of 7 people. Within this time period, not all the user’s applications were migrated to run on the server. The 
modifications for these were relatively easy and therefore the users were capable of making the required changes 
needed to migrate all the applications over time on an on-going process. The framework was provided to enable the 
automation of the run, error trapping and clear visibility of all applications with a minimal effort by the users.  
 
The required roles for these tasks include: 

• Project Manager 
• SAS® Developer 
• Software Architect 
• Data Warehouse Architect 
• IT Support 
• Testers 
• Business Analyst 

 

SAS INFRASTRUCTURE 
The first stage involved creating roles or groups within the department and empowering them with the appropriate 
tools to use. The correct level of security was then applied to each of these groups and where the security controls 
was implemented using Microsoft Active Directory at the operating system layer. These users and roles were then 
replicated within the SAS® Enterprise Guide® Administrator console. Appropriate security controls were available at 
team and individual level. Binders and libraries were created for all users and groups to have the required access 
they needed. Separate SAS® Servers were created for the internal credit risk staff and external staffs.  
 
Separate disks were added into the SAS® Server for the development, test and production environment. The SAS® 
Work area was installed on a disk with low RAID settings for maximum performance. All user areas were stored on a 
separate disk to gain better control in managing the operational running and monitoring tasks. Bartucca and Hayes-
Hall (2004) provide some guidelines on achieving optimal IO performance.  
 
All applications that were used at a team level, was required to go through the full development lifecycle before being 
able to promote any programs into the production environment. This process was designed and enforced to guide all 
users so that all programs and applications are built wisely taking a responsible approach. 
 
All the data storage areas were moved into the appropriate areas on the server and two SAS® servers were created 
for the users with the appropriate security controls in place. All data, projects, programs in SAS® Enterprise Guide® 
and SAS® Enterprise Miner™ were transferred over to the server so that the SAS® Software was solely utilized on 
the server side.  The SAS® Display Manager was slowly being transitioned out with the arrival of SAS® Enterprise 
Guide®. This interface provided the users with the ability to run multiple jobs on different SAS® Servers whilst being 
able to easily keep track of the job status. With SAS/CONNECT®, users often managed to abort the sessions on the 
server leaving orphaned processes that often wasted the resources of the server. 
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As the footprint of the SAS® base software was not required on the clients, SAS® Enterprise Guide® was packaged 
and rolled out to the client’s workstation upon log in. This made it easy for IT departments to gain control of the 
software installation process. The SAS® Enterprise Miner™ software however required the SAS® base software and 
therefore this issue was to be addressed after the installation of the SAS® Intelligence Platform with the Java version 
of the SAS® Enterprise Miner™ client side component residing on the client. This will be discussed later in this 
paper. 
 
The first stage of this project harmonizes the data and software environments as suggested by Curran (2004). This 
addressed the people and technology risk. The human errors were reduced by placing well guided processes which 
also reduced the chances of hardware and software failure risks. The efficient use of SAS® Enterprise Guide® and 
SAS® Integration Technologies in SAS® version 8 assisted in these issues. This feature simplifies the addition and 
administration of users, libraries, servers whilst providing a single entry point to manage all updating of licenses, 
application of hot fixes and controlling of access rights. This was performed as a first step as part of a proof of 
concept before the migration to the SAS® Intelligence Platform.  

 

THE ETL AND DATA MART  
The next stage of the project addressed the data management capabilities within the department. Chik and Seabolt 
(2003) have published 6 operational functions that are essential for consumer credit risk management. These are 
listed below: 

• Data Management 
• Efficient, Accurate & Consistent Systems 
• Reporting and OLAP 
• Data Mining Platform 
• Assessing an Applicants Credit Worthiness 
• Identifying New Markets and New Product 

  
The underpinning layer to enable this platform is effective data management. There are many elements to 
performing this effectively and some of these components are presented in Fig.1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Elements of Data Management 
 
The first stage to effective data management is to ensure that the data management team is aware of the data 
warehousing methodologies. Kimball (1998) provides a good foundation in this subject. It is important to understand 
topics such as dimensional modeling, data quality, metadata design, the need for conformed dimensions and 
integration of technologies. Stage 2 would be to ensure that all data sources are stored effectively, backed up, 
protected by the implementation of security controls. Source system cleansing should be performed to provide data 
integrity however, this is not always the case. Some data cleansing can be done in a transition repository to increase 
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the data quality by using the appropriate tools and then performing de-duplication without losing the original source 
system references completely. It is important not to give the end users direct access to raw data as this could often 
lead to inefficiencies in usage. The data management team should be responsible to structure the raw data into a 
user friendly format. Stage 3 and 4 involves the Extraction, Transformation and Loading (ETL) into staging area and 
eventually into a structured format, usually a star schema or a modified snow flake schema depending on the 
requirements and design. The amount of historical information required should be established at design stage to 
determine if a type 1 and 2 dimension is required within the data mart. Stage 5 will be to provide the right tool to the 
right users to access these data items with ease. To complete this loop, it is important for the data management 
team to advertise the data within the data mart, highlighting its quality, ease of use and ensuring that data lineage is 
apparent to the users as often, this “selling” task is crucial to obtain the commitment from business users to use the 
data. 
  
The SAS® Infrastructure section addressed stage 2 described above. Therefore, all raw data files were directly 
channeled to the database administrators to ensure that it is loaded to a secure area on a data server or directly 
transferred through ftp protocols. .   
 
The first task was to consolidate the Microsoft SQL data warehouse and the SAS® data mart. The aim was to ensure 
that all the common enterprise wide data would be stored within the data warehouse and the SAS® data mart should 
extract these items directly from the warehouse without going back to the operational data stores. There will always 
be data items that are only specific to Credit Risk and therefore, these items can be loaded into the SAS® data mart 
directly through a separate ETL process. Data warehouses may not always be quick enough to respond to smaller 
individual requests of departments and therefore, data marts will keep growing in popularity as they are faster, less 
expansive to build and are structured around the business model.  
 
Consolidation of the data mart was initiated by a business analyst who performed a gap analysis between the two 
marts. The amount of history required, the translations, required formats and understanding of the data was 
established. During this stage which spanned over a month, a comparison was made between the quantity and 
quality of data between the SAS® and the Microsoft SQL Server environment. These results were then used as a 
baseline to make all the required improvements to the Microsoft SQL Server data warehouse. Numerous data items 
were added within the existing dimensions and two new fact tables were built to contain all decision level information 
and a complete transactional payment history. The development task consumed a period of 3 months of one SQL 
developer. The development task was performed using a staged approach where testing was conducted at each 
stage. There were 3 testers involved in this work who cross checked the quality of the development work against the 
operational data stores. Many of the discrepancies were a result of different business derivation of a field. This was 
resolved by ensuring that a common agreement was reached for data definitions and where an agreement could not 
be obtained between the business unit and the data warehouse team, these items were clearly re-labeled to clearly 
express the data definition. This practice ensured that the same items when used in published reports were not 
compared and the differences between these reports are apparent to the recipients of the reports.   
 
The next stage was to address all Credit Risk specific data requirements. This was developed directly into the SAS® 
data mart. An ETL procedure was written in a combination of Base SAS® using SAS® Macros to drive a lot of the 
rules. The ETL was developed around the concepts of metadata and each stage was developed using a modular 
approach so that data lineage is maintained. This approach was taken so that at any stage, the program modules 
could be run in isolation to perform the required function. This is aligned to the suggestions by Walters (2004) who 
mentioned the need to develop a step restart-ability mechanism and to breakdown the complex transformation into 
manageable components. The SAS® Warehouse Administrator was available within the product bundle however, as 
there could be a possibility to move towards SAS® ETL Studio in the future, this interface was not utilized to 
construct the ETL. As pointed out by Tim Walters, the “out of box” transformations are useful but often have to be 
reviewed that it does exactly what is required and in some occasions, it has been reported that custom code was 
developed to generate surrogate keys. As the ETL code was well structured, broken into a modular approach and 
designed around the principals of metadata, there was no direct need to utilize an interface for the ETL. 
 
The provider of the data supplied an excel spreadsheet that contained all the information about the positions of the 
fields, along with the formats, possible values and type, i.e. numeric or character. Additional information was inserted 
into this spreadsheet which indicated where the data items mapped onto and if they were loaded into a fact or 
dimension table. The extraction code was dynamically derived using the information on the spreadsheet. This 
enabled the re-use of the rules documented by the provider to load the data into a staging area. Data integrity 
checks were also built into a SAS® program module to perform all data quality checks based on the information 
provided by the supplier. The last module of the program performed the comparisons between subsequent loads to 
ensure that all the data history was maintained as type 2 dimension tables were being built. At the completion of 
each module, full error trapping was performed and the timing and efficiency of the load was reported. Messaging 
was performed to notify the relevant users about the ETL. This process was run at each month end when the 
customer management data was received. Views were built to interface with the data tables in the data warehouse. 
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This provided a consistent view of the data to the department whilst removing the need for any additional data load 
procedures to be utilized by individual users. This enabled the Credit Risk department to have better control of the 
data that was utilized throughout the business, reduced replication of work by synergizing with the data warehouse 
and managed to implement the use of a single repository of data. 
 

REPORTING INTERFACE  
The next stage was to develop a reporting interface which consisted of two requirements. The first stage was to 
develop a central repository which provided information on all the applications or projects that were written for a 
team within the department. Therefore, users had to enter information into these tables to log the name, purpose, 
program root location, developer, recipient, notification email list, whether the report was to be scheduled, and if so 
at what intervals and whether error trapping was required. The application was required to maintain a full audit trail of 
the load and an audit of all changes made to the metadata. This application also provided the ability to schedule the 
running of the reports. Each team within the department managed their own application metadata. This work 
involved four week’s development work which was performed by a SAS® developer. The testing of this application 
was performed over one month by users integrating all existing reports into the applications. A web portal was then 
developed using XML for content management to allow users to access this information. This allowed non power 
SAS®users to develop programs or queries and simply by entering information into the metadata, managed to 
automate their programs, perform full error checking and notify the recipients when the report is ready. 
 
The second stage was to provide a reporting interface for non SAS® programmers. As the goal of the project was to 
re-use any existing software and to integrate the various tools, Futrix Software was chosen for this where users were 
provided with access to predefined reports. Users could then utilize these reports to perform standard drill downs, 
reach through to the underlying data, switch between graphs and tabular view, perform dynamic banding of data at 
run time, applying predefined formats to the data and a variety of other functionality provided by the software. This 
also allowed users to save reports within their user areas so that this information was easily obtainable without the 
need to refer back to the programmers each time an adhoc type query on the data was required. This tool allowed 
non-SAS® programmers to have full access to slice and dice through the required data. The implementation of this 
tool was relatively effortless. This task was performed within 2 week which included the setting up of users, groups 
and some predefined reports to monitor decisions on a daily basis within the software. This removed the need to 
develop reports in Excel and the refreshing of the data in these reports was fully automated. This interface provided 
decision makers direct access to the latest picture of the applications coming through into the business, providing 
the accept and decline rates, highlighting the reasons for the decline by various classifications. It also illustrated the 
policy rules that are more frequently being triggered. 
 

THE SAS 9 INTELIGENCE PLATFORM  
The final stage of the project was to implement the SAS® Intelligence platform version 9. The planning of security, 
user roles and architecture had been previously completed. The implementation of the SAS®9 Intelligence platform 
was performed over seven days. A customized deployment plan was issued using a plan.xml file. The installation 
was performed on two servers and the following products were installed on the client’s workstation: 

• Java Runtime Environment  
• SAS®Personal Login Manager 
• SAS® Enterprise Guide® 
• SAS® Enterprise Miner™ version 5.1 
• SAS®Console Manager (for administrators only) 

 
The SAS® Management Console provided the ability to ease the process of managing the operational activities 
required on the SAS® Servers. The SAS® metadata server resided behind the Console Manager and stored all the 
metadata required for the application and hence performed some level of self-documentation. The aim was to install 
all of the required SAS® products on the server whilst providing an interface on the client’s workstation which would 
perform all the communication tasks between the client and the server. SAS® Enterprise Guide® became the 
standard interface to develop programs instead of the previous SAS® Display Manager window. This interface 
provided the process flow documentation for the SAS® programs by default which provided a diagrammatic program 
flow. SAS® Enterprise Miner™ on the other hand was a Java client application which was installed to perform all the 
data modeling activities. 
 
The security controls were set up by defining two separate ACT’s (Access Control Template) for the internal and 
external Credit Risk users. All the client side components except for the SAS® Console Manager were packaged 
using MSI format to enable IT departments to easily roll these components to new users. The XML and other 
configuration files were modified with the required user information and rolled out to users as part of the installation. 
The files altered were the login.config (located in SASRoot\SASEminer\5.1\EM51\conf). For the configuration of the 
SAS® Personal Login Manager, files within the Workspaces directory were modified and copied into the user profile 
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area (located within C:\Document and Settings\username for Windows XP) on the client’s desktop. The Personal 
Login Manager software was required as the users used this to maintain their passwords on the SAS® Server. The 
SAS® Enterprise Guide® related files within the Application Data directory (C:\Document and 
Settings\username\Application Data\SAS® for Windows XP) such as the SDSConfig.xml was modified appropriately.  
 
The SAS® Console Manager was installed only for the administrators and this was performed from the SAS® 
repository which was setup at the start of the installation process.  

CONCLUSION  
The implementation of a good method of working around information systems helped the up keeping of the software 
that assisted in making informed decisions. The SAS®9 Intelligence platform certainly helped provide the tools to 
implement some of the required components to manage the operational risk and also provided the right set of tools 
to the users to perform effective credit risk management which ranged from reporting, building models and 
answering any adhoc type queries. The availability of the SAS®Console Manager helps bridge the gap between the 
SAS®Software and the IT Administrators and moves away from the previous idea of SAS®as a “black box”. With the 
availability of many other components such as SAS®ETL Studio, LSF Application Scheduler and various other 
modules, the SAS®9 Intelligence platform will assist in meeting the future challenges that will arise in data 
processing and interpretation. 
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