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ABSTRACT 

The promise of relational database management systems of providing centralized data repositories customized to the organization’s data needs has not been realized, primarily because modeling the data requirements of a large number of users is prohibitively expensive. One potential solution is parallel data modeling of requirements of multiple end-users; however, teaching end-users to create their own data schemas is impractical. In this research in progress, we propose a methodology that allows end-users to develop their own data schemas, by specifying user interfaces.
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INTRODUCTION

1  Introduction

Conceptual models
 are important in the area of information systems (IS) development. Essentially, a conceptual model is a method of documenting elements of an underlying reality. Model schemas may be used as a) a method of either informally or formally documenting end-user requirements, which are initially articulated in a natural language like English; and/or b) a method of optimally designing the subsequent IS. A commonly used example of both a) and b) is the use of the Entity Relationship Model (ERM) (Chen, 1976) to capture end-user requirements for constructing a relational database application. Once the requirements are documented in an ERM schema, the ERM schema can then be mapped, using well-known rules, to a measurably good relational schema design. Over a hundred conceptual models have been proposed for requirements modeling (Olle, 1986), with over 1000 brand name methodologies utilizing these models (Jayaratna, 1994). The very great majority of business applications involve a database back-end with a front-end UI, and hence, in this work, we utilize the extended entity relationship (EER) model to capture the data schema (Chen, 1976, Smith and Smith, 1977). 
A “standard” methodology to construct database applications uses the EER model to capture natural language user requirements, and then a set of mapping rules to translate to a relational schema, with the overall goal being reduced data redundancy and business rule preservation (Korth et al., 2005). Unfortunately, the cost of constructing custom data models for large-scale applications involving hundreds or thousands of end-users is prohibitive, which partially explains the recent trend of buying large scale information systems versus building (Bajaj, 2006). However, building off the shelf large scale applications has several disadvantages, such as loss of flexibility and commoditization of the organization’s business processes. COTS (commercial off-the-shelf) implementations are usually not customized because of issues with costs and future compatibility with vendor upgrades (McManus, 2003). This implies that the organization’s data and business processes have to conform to the new model offered by the implementation. Thus, the COTS system significantly reduces the degree of differentiation of the organization’s business processes and data items compared to its competitors, who also have the same COTS implementation (Ulrich, 2004).

A large scale data model is an essential component of a large scale customized information system (IS), and it is important to reduce both the time and cost of creating such models. A potential method to reduce the time taken is to create schemas for several end users in parallel. Unfortunately hiring several systems analysts to perform this task in parallel can increase costs due to specialized personnel. Training end-users to create their own EER schemas is also impractical, as attested by the limited success of  earlier attempts with tutoring software (Ahrens and Sankar, 1993). In this work in progress, we present a methodology that allows end-users to specify data management screens and derives the EER schema for that user from the screen specification. We also plan to test this methodology empirically. 
Data Screen definition (DSD) Model 
The constructs we provide to the user to define their data management requirements are intentionally limited, since our goal is to be able to map an EER schema from the DSD schema. We note that this is not the final user interface that would be supplied as part of the IS, rather it is simply a specification of the data that the end-user needs to manage. 
The DSD consists of the following concepts: screens and screen_elements. 

Each screen has a screen_title.  A screen_element belongs to a screen and is either a textbox with a label, or a drop_down_list with a label. In addition, a screen_element has an optional primary_key designator. Each screen automatically has the following buttons added to it: Update, Create, Delete, Find and Exit. 

From the above concepts, it is clear that each screen specified by the user will be used to write to the database application, i.e. we are only capturing what information the user will actually change at the operational level, not any query only reports that the user will need. This is not a limitation, since our goal is to infer the EER schema, which  typically does not list reports, but only the data elements down to the attribute level.  

Prior to diagramming, users are provided a half hour tutorial on how to conceptualize their data, so that fields are grouped as intrinsic properties of objects or events, or as linked properties where they are captured as links between objects and/or events. Obviously these are similar to the concept of entities and relationships etc in the basic ERM, though ERM terminology is not used. 

DSD Rules
In order the guide novice end-users, the following rules are checked and enforced at the end of each specification. 
a) The only attributes that can be a drop_down_list are those that make up the primary key on at least one screen. 

b)  All labels on a screen must be prefixed with the screen_title, or the screen_title of another screen where the element(s) make up the primary key, followed by a _. 

The rationale for a)  and b) is to guide users into thinking about their data in a normalized structure, where each element is updated on its main screen, but is accessible on other screens. 
As part of the training tutorial, users are shown an English description of a simple university case, where information on courses, course_sections, students, undergraduate_students, graduate_students, professors and classrooms is described and then specified using screens,   The screens shown in this example serve as a guide on how to create “good” screens.  This training case actually involves all concepts of the EER model that will be mapped in our methdololgy, though the end-users are unaware of these EER concepts. 
Finally, as part of the training tutorial, end-users are shown “bad” diagrams, where the same information is input twice on different screens, and also taught how to think about primary keys for objects and events. 

MAPPING DSD SCHEMAS to EER SCHEMAS
Before presenting the methodology, we list the concepts in the EER model that we will map. We base our list of concepts largely from standard database textbooks like (Korth et al., 2005) and assume an EER schema to consist of the following concepts: 

-entity sets, 

-relationship sets with 0/1 cardinality on at least one side, and any cardinality on the other, 

-relationship sets with m:n cardinality and n-ary relationships

-attributes of entity and relationship sets,  

-multi-valued attributes

-entity subclasses that have extra attributes and/or extra relationships, with no multiple inheritance

-weak entity sets (existence dependencies) with a unique identifier

Mapping Rules
Once the user has specified the data screens, each screen is mapped to one of the EER concepts, using the rules described below. 
Multivalued Attribute:

-If each screen element is part of the primary key, and 

-a subset of the screen’s primary key, say A, is the entire primary key of another screen, and 

-the remaining subset B is not the entire primary key on any screen, 

then the current screen possibly represents a multivalued attribute. In order to resolve this, the prefix of A is calculated. The user needs to be queried as to whether the remaining subset B represents an intrinsic property of the prefix of A, or if it is a property of some other objects or events. If the answer is the former, then the screen represents a multivalued attribute, else it represents a weak entity set.  

 Weak Entity set:
-If a subset of the screen’s primary key is the entire primary key of another screen, and 
-the remaining subset is not the entire primary key on any screen, and 

-the screen is not a multivalued attribute, then the current screen represents a weak entity set. 

Subclass/Superclass:

-If the screen’s primary key appears as the entire primary key on multiple screens, then we have a case of inheritance. 
-If the prefix of the primary key elements matches the prefix of at least one other element on the screen, then the screen is more likely to represent a superclass. 

-In order to resolve which is the superclass, the user is queried as to whether screen A is an instance of B or vice versa, for all screen pairs that share the same primary key. For example, are all “grad students”  “students”, or are all “students” “grad students”? The question can be ordered based on the likelihood of a screen being a superclass, as predicted by the point immediately above.  
Relationship sets with m:n cardinality and n-ary relationships:

-If the set of primary key columns of the screen can be split into 2 or more subsets, so that each is an entire primary key on another screen, then the screen represents a many-many binary or  n-ary relationship set. 

-The subsets represent the entity sets that will participate in that relationship set. If there are several candidate entity sets that have the same primary key (as would be the case with inheritance), then the user is queried as to which event or object is involved in the link represented by the screen title, and asked to choose from a list of the candidate screen titles. 

Binary relationship sets with 0/1 cardinality on at least one side, and any cardinality on the other:

-If the screen has an element(s) that is(are) the primary key on a screen, but is not part of the primary key on the current screen, then the element(s) on that screen represent a one-many binary relationship set. 

-The element(s) represent the entity set that will participate in that relationship set with the object represented by the current screen. If there are several candidate entity sets that have the same primary key (as would be the case with inheritance), then the user is queried as to which event or object is involved in the link represented by the screen title, and asked to choose from a list of the candidate screen titles. 

Entity Set:
 -If the primary key elements are prefaced by the screen_title, and 
-the screen is not mapped to any other EER concept, then it is a strong entity set. 

AN ILLUSTRATIVE EXAMPLE
Figure 1 represents four screens that would be created by a hypothetical end-user who works in the human resources area. The screens conform the the rules in our methodology. 

[image: image1]
Figure 1. Screens created by end-user in Human Resource Area
Following the algorithm described earlier, we can infer the EER schema as follows. 

Employees Screen: 

-The primary key is prefaced by the screen title, and is not any other EER concept, hence Employees is a strong entity set. 

-The second employee_ID is an element that is the primary key on a screen, but is not part of the primary key on the current screen, and hence the second employee_ID on the screen represents a one-many binary relationship set.
Project Screen:

The primary key is prefaced by the screen title, and is not any other EER concept, hence the screen represents is a strong entity set. 

EmpEmail Screen:
This could be either a multivalued attribute or a weak entity set, based on the algorithm. The user needs to be queried as to whether EmpEmail_value represents an intrinsic property of Employee. In this case the answer would be in the affirmative, which would make EmpEmail a multivalued attribute. 

EmpWorksOnProj Screen:
Based on the algorithm above, the primary keys here can be split into 2 subsets, each of which is a primary key n another screen. Hence it is a binary many-many relationship, with two extra attributes. 
Figure 2 depicts the EER schema derived from figure 1. It is shown following standard diagramming conventions (Korth et al., 2005). Attributes are next to each entity and relationship set. 

[image: image2.emf]EMPLOYEES

PROJECTS

Emp

Manage

Emp

Emp

WorkOn

Proj

n

m

n

1

EmpId

EmpName

EmpEmail*

*multivalued

ProjID

ProjDescription

dateBegan,

dateEnded


Figure 3. EER Schema for Application
CONCLUSION 

In this work in progress we presented an algorithm to induce an EER schema for a user, by asking them to construct a schema of data screens. We are continuing to develop this work along several fronts. First, we are developing a tool in Java that will allow the user to specify the screens and will generate the EER schema. Second, we are planning to empirically evaluate the DSD model and compare it to EER modeling specifically for ease of use and potential usefulness, from a novice modeling point of view. Third, we are interested in verifying whether the DSD-EER schema mapping algorithm shown here actually works in real world scenarios, where end users would create DSD schemas for their data needs. 

We will present potential methods to test each of these questions at the conference, as well as possibly present the tool itself. 
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� In this work, the terms “conceptual model” or “model” refer to the modeling method. We refer to the application of a modeling method for a particular situation as a “model schema”. 
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