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ABSTRACT 

The Mayo Clinic adopted IE (Information 
Engineering) methodology as the standard 
development methodology for systems in 1988. 
The Texas Instruments IEF (Information 
Engineering Facility)'" Toolset was the automated 
toolset chosen for application development. For 
institutional data the target platform is DB2.... In 
the Department of Health Science Research IE 
methodology is also used but the target platform 
may not be DB2. The many research projects 
done at Mayo are short lived, from 1 to 3 years, 
and one of the tools used is SAS.~ SAS as the 
target platform is chosen because of its flexibility 
and short development time. These attributes 
match the needs of the research community. This 
poster will show how IE methodology is used to 
develop a SAS application and how IEF objects 
are related to SAS objects. 

INTRODUCTION 

At the Mayo Clinic development of information 
systems for clinical research benefits from the use 
of system development methodology using 
Information Engineering (IE).I.2.3 The case tool 
selected to support the methodology is the 
Information Engineering Facility (IEF). ",.4 This 
methodology approach is platform/target 
environment independent. 

Many of the research projects have a defmed life 
span of several years. These research projects 
benefit from the use of the IE methodology but are 
not targeted to a production database such as 
DB2.... Instead many reside in SAS tables. To the 
investigator, the advantages of the SAS· 
environment is that it is the user friendly 
environment that they have been using for years. 
Added to this is the ability to rapidly develop an 
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application in SAS with the look and feel of a 
relational model through the use of views and 
SQL. 

Many papers have been presented at other SAS 
conferences discussing relational theory and 
database design, and it is assumed the reader has 
some knowledge of this subject.5.6.7.8 

PROJECT DEVELOPMENT 

Using IEF for project development with SAS has 
the same benefits as any IEF target environment. 

1. Better defined system 
2. Identify shared functions and data 
3. Develop better understanding between 

clients and application developers 
4. Develop reusable code and models 
5. Excellent documentation 

This paper assumes that the project is being 
developed under an enterprise wide Information 
Strategy Plan (lSP). If this is not true, then more 
work is necessary in determining that the same 
information is not collected in more than one 
system, and it is more difficult to determine the 
scope of the project. 

A Mayo research project is initiated with the 
development of a detailed research protocol. This 
is a high level description of the information 
needed and the activities necessary to support the 
project from project sponsors. This is the scope 
on which the Business Area Analysis is performed. 
This usually describes only about 25% of the 
information that project will require. 

The project team is then identified and a project 
plan developed. The project team, in the initial 
phases, is comprised of researchers, statistician, 



data coordinator, analysts, project leader, and 
scribe. A scribe is a person versed in IE 
methodology and the IEF tool set. Technical 
support areas are called upon when needed. 

The first Joint Application Design (JAD) session is 
a scoping JAD. At this time the JAD project team 
members are instructed in the terminology and 
symbols that are used in data modeling and 
process modeling. They are given the definitions 
of entities, relationships, optionality and 
cardinality. The research protocol is used to 
determine that the scope of the project is not 
exceeded. The future needs of the project are 
discussed rather than the current operation. 

Function analysis is done at the same time as the 
data analysis. The scribe documents in the IEF 
toolset the discussions of the JAD participants, 
separating the entity analysis from the function 
analysis. The Activity Hierarchy or process model 
is the resulting document of function analysis. 
The Entity Relationship Diagram is the result of 
data analysis. 

After the model and activities are defined, 
interviews are conducted to determine the 
information needs of the project. This may result 
in a cross function JAD session to examine the 
data that may be in the form of shared data. The 
existence of the data in a shareable form does not 
necessarily mean that the researcher has all the 
information from that source. The electronic form 
of the data may not be inclusive of the information 
needed in a retrospective study. Some of the 
information may need to be collected from a paper 
copy. The medical history is one form of 
historical information found in paper copy form. 

The deliverables from the JAD process are a data 
model and a process model. From the IEF 
toolset, the documentation would be the Entity 
Relationship Diagram (ERD) and the Activity 
Hierarchy Diagram (AHD). This is an easy form 
for the users to review and approve since their 
involvement was enlisted from the beginning. The 
project starts with documentation done up front. 
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SAS APPUCATION DEVELOPMENT 

When review is complete, the Business Area 
Analysis tasks of the ERD and ABD are described 
and documented in the toolset. The discussion to 
follow describes how IEF objects from the PC 
tools are equated with their SAS counterparts. 

The Entity Relationship Diagram is represented as 
a SAS data library. The data model is divided into 
subject areas which are groups of entity types of 
common interest. Subject areas add to the 
understanding of the data model. The subject 
areas can be described as separate SAS data 
libraries. If a subject area has many entity types, 
separate SAS data libraries may help in 
maintaining and understanding of the system. At 
Mayo, the method of using multiple SAS data 
libraries is in the discussion stage at this time. 

An entity type is related to a SAS table and is the 
information that the project needs to keep. The 
entity contains information with common 
characteristics and participates in common 
relationships. 

It may be necessary to create a subtype of an 
entity type. This is done so that additional 
information or relationships can be associated to 
the members of the subtype. An example of a 
subtype of an entity is a PATIENT entity type 
which has a subtype of DOMESTIC and 
FOREIGN. In this case the attribute SOCIAL 
SECURITY NUMBER is not part of the subtype 
FOREIGN. In the case of a subtype, the table 
contains all attributes in the entity type but the 
screen shows only the correct attributes to enter 
the information depending on the classifying 
attribute of PATIENT TYPE. 

An attribute is the piece of information that is 
necessary for the project. It corresponds to a 
variable in the SAS dataset. The properties of the 
attribute are the type (numeric, character), length, 
format and informat. 

An identifier is an attribute(s) andlor 
relationship(s). Each row in a table must be 
unique based on the identifiers. These identifiers 
are either foreign keys or primary keys and are 



identified in the SAS table as indexes. We have 
used SAS datasets created from the output of proc 
contents to produce a SAS based data dictionary. 
The keys are identified in the data dictionary.9.w 

A relationship associates one entity type with one 
or more entity types. To enforce this in our 
systems we select the attributes where the pairing 
will be made. To make this easier for the user, 
standard views are created and appropriate joins 
are done using PROC SQL.lI

,12 Optionality and 
cardinality are also handled by the views. The 
logical model may have many to many 
relationships but the physical model resolves those 
relationships into a table. 

The process model is developed using activity 
analysis, An activity acts on the data; it makes a 
change to the data. If there is no activity on the 
data, it is declared out of the scope of the project 
and dropped. The activity is then decomposed 
into elementary processes. Elementary processes 
leave the SAS dataset in a consistent state and is a 
single execution. This is the lowest level of 
activity and can be translated into SAS MACROS 
and SASI API and SCL programs. 

Many of the processes are create, update, and 
delete done at data entry time. The SAS 
complement to this is SASIFSp5 and SCL. To 
maintain integrity of the data all changes to the 
data are done through the procedures written to 
support the model. 

CONCLUSION 

Think of this paper as a primer on using CASE 
Tools to develop a system destined for the SAS 
environment. Much more could be written on this 
topic as many additional elements in the IEF 
product could be translated into a SAS counterpart. 

The drawbacks of targeting to the SAS System are 
few and some can be overcome. The drawbacks 
are: 1) There is no way to directly build SAS 
tables from the ERD Model. 2) The Elementary 
process does not result in the ability to generate 
SAS code. 3) There is no formal data dictionary 
in SAS, 
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The following benefits far outweigh the 
drawbacks. 1) Using IE Methodology for SAS 
development supports the institutional goal of 
using a standard methodology approach. 2) 
Because of heavy user involvement in all stages of 
project development, IE methodology ensures that 
the resultant product is the system the user wanted, 
3) With the user supplying the documentation up 
front during the lAD sessions and with the aid of 
automated tools, documentation is done more 
efficiently. 4) Over time the business will build an 
inventory of common data elements and 
procedures, thus reducing project development 
time. 5) It is possible to develop a generic model 
that fits most research applications. This generic 
modeling process requires additional study. 6) 
SAS is a familiar software product at Mayo since 
SAS72. Using SAS, therefore, does not require 
additional training of developers or users, 

If SAS procedures were written to interface with 
the IEF toolset, most of the drawbacks would be 
eliminated and great efficiencies would be realized 
in project development. 
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