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Abstract

ER-SPML (Entity Relationship-Stored Procedures Meta
Language) is proposed to be independent by RDBMS team
players in idea to support their own SQL dialects on Plat-
form Specific Language, versus the conceptual level Plat-
form Independent Language. The metalanguage proposes a
new operation called Stored Procedures and the language
behind him in idea to be platform independent in relation
with SQL dialects and their Procedural Languages. The
concept of stored procedures operation is abstract, helps in
syntactic and semantic modeling, and is required in phys-
ical implementation. A stored procedures operation along
with his language captures the syntactic and semantics of an
RDBMS schema in his dynamical evolution, not in a statical
way like ER diagram. An case study of database design with
ER-SPML and description using the metalanguage and the
diagrammatic technique is given.
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lational Database Management System(RDBMS), Data
Definition Language (DDL), Data Manipulation Lan-
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1 Introduction

In 1976, Peter Pin-Shan Chen with ER [5] describe
a model that serves as the foundation of many systems
analysis and design methodologies, repository systems,
and CASE tools from commercial software vendors to
free source world. A preliminary framework for Entity-
Relationship model was define later in [6].

Any important article from journals and books from re-
spectable publishing houses where the modeling word is a
key word the ER Model or ER Model flavors are just in
place. During the time because there is no standard for ER

Model there are a lot confusions regarding the definition of
the entity. Bernhard Thalheim in [23] cite more than twelve
different approach for defining the entity notion with the
following remark ”The confusion is almost since most of
the database and software engineering books do not define
at all the notion of entity ”.

OCL [15, 17] was formally developed as a business lan-
guage with roots in Syntropy, second generation language
object-oriented analysis and software design method devel-
oped at Object Designers Limited in the UK during the early
1990s, used to describe UML models.

In this paper we try to present the Entity Relationship-
Stored Procedure Meta Language in idea to extend :
Data Definition Language(DDL), Data Manipulation Lan-
guage(DML), and Data Control Language (DCL) in Ob-
ject Constraint Language(OCL) style to describe the Entity
Relationship-Stored Procedure diagrammatical artifacts.

2 State of the art of ER Meta models

ER Model has been redefined because of his popu-
larity with ER Meta models like EER (Extended Entity
Relationship)[10] , CSL (Conceptual Schema Language)
[4], HERM (Higher-Order Entity Relationship Model)
[23], REMORA [20], and Barker [1].

2.1 Extended Entity Relationship (EER)
Meta model

David W. Embley and Tok Wang Ling in [10] extend the
ER Model with EER Meta-model with the following ap-
proaches: capturing the real world semantic, transform the
EER Meta model in to a normalized EER Meta model and
generate normalized relations.

Entity-Relationship (ER) models and extended Entity-
Relationship (EER) models has limitations and problems:
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• Entity-Relationship (ER) models and extended Entity-
Relationship (EER) models require designers to distin-
guish between attributes and entities. This can cause
downstream redesign when attributes and entities are
mismatched.

• Before the transformation of the ER model to relations
designer work with ER diagrams, but after the trans-
formation they work with relation schemes. These re-
lations may need normalization. Normalization is done
through a combination of decomposition and synthesis
techniques.

Their approach are to capture the real-world semantics
in an improved EER model, transform the EER model to a
normalized EER model, and generate normalized relations.

2.2 A Language for Defining Conceptual
Schema (CSL)

In [4] B. Breutmann, R. Falkenberg and E.
Mauer describe a high level data definition language,
CSL(Conceptual Schema Language), for defining con-
ceptual schemes. The language provides descriptive and
procedural elements, so static aspects and dynamic behav-
ior of data can be described. The proposal CSL provides:
standard types, object types and association types:

• Standard operations are: =, <, >, +,−, ∗ and standard
types are like INTEGER, REAL, CHAR, STRING,
DIGIT

• Within an object type only those characteristics can be
described which hold for all objects of a certain type

• The association type definition consists of the unique
association type name, the participating object types
together with their roles and simple occurrence fre-
quencies and the identifier of the association type to-
gether with the candidate identifiers.

2.3 HERM (Higher-Order Entity Rela-
tionship Model) Meta model

B. Thalheim introduces the Higher-Order Entity Rela-
tionship Meta model in [23, 24], called HERM, provid-
ing an interesting conceptual data model, but it is strictly
founded in theory.

The Higher-Order Entity Relationship Model is an ex-
tension of the Entity Relationship Model. Schemata in the
Higher-Order Entity Relationship Model can be mapped au-
tomatically to relational database schemata. One key fea-
ture of the HERM is the nesting of attributes.

2.4 REMORA Meta model

In [20] the REMORA methodology and an expert design
tool, that supports the design of information systems, are
described.

The REMORA methodology provides a consistent set of
models, languages, methods and software tools to design
and implement large and semantically complex information
systems. The conceptual models use, there is a more di-
rect and efficient interaction between the designers and the
users, this allows the definition of the information system
conceptual schema.

2.5 Barker Meta model

The Barker model was introduced by R. Barker in [1]
and modified slightly by the Oracle TMCorporation . The
pedantic problem with the Barker model is that one needs
to fully understand relational database theory to understand
why the Barker model is done the way it is. We present the
Barker model here because the way it unfolds is a bit differ-
ent from the Chen model. The Chen model focuses on mod-
eling data, whereas the Barker model adapts the data to the
relational database concurrently with the design. Therefore,
the ER design methodology for the Barker model will de-
velop differently from the Chen model. Further, the Barker
model does not have some of the conventions used in the
Chen model. The Barker model does not directly use the
concept of composite attributes, multi-valued attributes, or
weak entities, but rather handles these concepts immedi-
ately in light of the relational model. Because the Barker
model is so close to the relational model to begin with, the
mapping rules are trivial the mapping takes place in the
diagram itself. A Barker model uses soft boxes for enti-
ties (with the entity name in capital letters), and there is a
line separating the entity name from the attributes (and the
attribute names are in lowercase letters). A Barker model
does not place the attributes in ovals (as the Chen model
does), but rather lists the attributes below the entity name.
All attributes in a Barker model are considered simple or
atomic, as in relational databases.

The model does not have the concept of composite at-
tributes. In Barker model, the primary key has a # in front
of the name of the attribute.

A primary key has to be a mandatory attribute in a rela-
tional database, but again, all mandatory attributes here are
not necessarily unique identifiers. In the Barker model, a
relationship is represented by a line that joins two entities
together. There is no diamond denoting the relationship (as
we saw in the Chen model). The relationship phrase for
each end of a relationship is placed near the appropriate end
(entity) in lower case.
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2.6 Data Schema Integration Meta model

In 1983 many problems of data integration are addressed
but not all of them and the whole area of data integration is
not at a mature stage.

In [2] C. Batini and M. Lenzerini describe a methodol-
ogy for data schema integration consists of three steps: con-
flict analysis, merging and final enrichment and restructur-
ing of the schema.

In the conflict analysis phase all incoherences should
be detected and solved. The main tasks are naming con-
flicts analysis, resolution of synonymy and homonyms and
the modeling compatibility analysis. In the merging phase
schemata are merged into a unique draft integrated schema.
The main tasks of the third phase are analysis of inter
schema properties, analysis of redundant paths or schema
restructuring. In this paper an effort is made to face all the
relevant issues that can arise in the integration of several
conceptual schemata and provide for all of them a design
strategy

2.7. DATAID

DATAID-1 [7, 8] is a manual methodology dealing with
the design of centralized databases. DATAID-1 is described
by Valeria De Antonellis and Antonio Di Leva in 1985 and
extends the basis of practical experience of several projects
in banks and government offices. They also illustrate a case
study of database design using the DATAID approach. The
case study refers to a banking environment.

DATAID consists of the following methodological
phases: requirement collection and analysis, local views
design, local views integration, logical design, physical de-
sign. These phases are followed in the development of the
case study of database design.

3 UML Meta model

The Unified Modeling Language(UML) [16, 18] is a
non-proprietary object modeling and specification language
used in software engineering. UML includes a standard-
ized graphical notation that may be used to create an ab-
stract model of a system: the UML model. While UML
was designed to specify, visualize, construct, and docu-
ment software-intensive systems is not restricted to mod-
eling software.

UML has its strengths at higher, more architectural lev-
els and has been used for modeling hardware (engineering
systems) and is commonly used for business process mod-
eling, systems engineering modeling, and representing or-
ganizational structure.

4 Quality measures and Transformation of
conceptual schemes – ANNAPURNA

In the 1980’ties conceptual schemes are recognized and
accepted as an important tool for the design and evolution of
integrated databases and knowledge-based systems, but the
question of quality of conceptual schemes is largely ignored
by researchers. In relational database theory quality is de-
fined by the presence or absence of certain normal forms;
the definition of quality was very restrictive because a con-
ceptual schema is either good or bad. Quality measures are
also ignored, but transformation of conceptual schemes are
explored systematically.

Christoph F. Eick represents in his paper [9] the back end
of a conceptual schema design methodology, called ANNA-
PURNA. This methodology aims to automate conceptual
schema design focusing on the transformation and evalua-
tion of conceptual schemes based on quality measures and
transformations that has a theoretical foundation. A gen-
eral framework for the specification of conceptual schema
transformations is proposed and algorithms for evaluation
and transformations are provided.

5 ER-SPML our Approach

5.1 Entities and attributes

At this level we consider entities and relationships.
Definition 1(ENTITY)
The set of entities is a finite set of names

ENTITY ⊆ N (1)

In [5] Chen argue that ”An entity is a thing which can be
distinctly identified.”

Our approach is that each entity ei belongs to a Entity
Set Ei, ei ∈ Ei, induces entity type’s tei

∈ TEi
. TEi

is
a set of domain type names. All entities have a distinct
name; in particular, an entity name may not be used again
to define another entity with a different type.

∀e1, e2 ∈ TE : (e1 : te1 → Ei, e2 : te2 → Ei) ⇒ e1 = e2

Entities with the same name may, however, appear in dif-
ferent ER Models that are not related by generalization.

Definition 2(ATRIBUTES)
An attribute ai, could be formally defined as a function which

maps from an entity, Ei or a relationship, Ri into a value set, Vi

or a cartesian product
∏

1≤j≤n

Vij of value sets:

a : Ei orRi → Vi or Vi1 × Vi2 × Vi3 × . . .× Vin (2)
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5.2 Relationships

A relationship is an association among entities.
Definition 3(RELATIONSHIP)
A relationship Ri, is a mathematical relation among n

entities each taken from an entity set:

{[e1, e2, · · · , en]|e1 ∈ E1, e2 ∈ E2, · · · , en ∈ En} (3)

and each tuple of entities, [e1, e2, · · · , en], is a relation-
ship. Note that the Ei in the above definition may not be
distinct.

5.3 Primary Key and Foreign Key

Definition 4(CANDIDATE KEY)
An attribute or set of attributes that uniquely identifies

individual occurrences of an entity type.

V (ai
1, . . . , a

i
k) 6= V (aj

1, . . . , a
j
k), ∀ i 6= j (4)

where (ai
1, . . . , a

i
k) is candidate key, a subset of entity

ei = (ai
1, . . . , a

i
n) with k ≤ n

Definition 5(PRIMARY KEY)
A unique identifier for a row in a table in relational

database; A selected candidate key of an entity.

V (ai
1, . . . , a

i
k, . . . , ai

n) 6= V (aj
1, . . . , a

j
k, . . . , aj

n) (5)

∀ i 6= j, with k ≤ n

Definition 6(FOREIGN KEY)
An attribute that is a primary key of another relation (ta-

ble). A foreign key is how relationships are implemented in
relational databases.

ei = (ai
1, . . . , a

i
k, . . . ai

n) (6)

where (ai
1, . . . , a

i
k) is a primary key, a subset of en-

tity ei = (ai
1, . . . , a

i
n) with k ≤ n and ej =

(bj
1, . . . , b

j
l , . . . b

j
m, ai

1, . . . , a
i
k) is the corespondent entity from

relationship and (ai
1, . . . , a

i
k) represents the foreign key of ej ,

∀ i 6= j.

5.4 Stored Procedures

Stored Procedures:(procedures, functions and triggers)
are SQL subroutine statements in a RDBMS, for use by
all application including the control statements that allow
repetition(LOOP) and conditional execution(IF and CASE
statements)

A stored procedure is an ordinary program that can be
called by an application with an SQL CALL statement. The
stored procedure can be called locally or remotely. A re-
mote stored procedure provides the most advantages:

• It reduces traffic across the communication line;

• It splits the application logic and encourages an even
distribution of the computational workload;

• It provides an easy way to call a remote program

Triggers are user-written programs that are associated
with database tables. You can define a trigger for update,
delete, and insert operations. Whenever the operation takes
place, regardless of the interface that is changing the data,
the trigger program is automatically activated by RDBMS-
es and executes its logic. In this way, you can implement
complex rules at the database level with total independence
from the application environment. We can use triggers for a
variety of purposes in your database design. Functions and
user-defined programs that enrich the functionality of the
RDBMS by adding new functions to the set of built-in func-
tions. Database functions are scalar functions, which means
functions that receive some parameters,perform some oper-
ations, and return a unique value, such as converting faren-
hait to celsius degrees or calculating the net present value
given the final amount, monthly payment, number of pay-
ments and interest rate. Functions return a table for a given
set of parameters instead of a single scalar value, such as
the top k performing salesperson or the projected currency
exchange rates between an initial and final date for a given
pair of currencies.

5.5. From Entity Relationship Model to Re-
lational Model

Entity Relationship Model(conceptual level) could be
translate in Relational Model(physical level) in a natural
mod using the following transformation [13]:

• any entity became a table;

• any attribute from entity became a field in the repectiv
table;

• any relationship became a special table or an primary
key in one of two tables and referencing in the core-
spondent table.

6 Case study

Let us look at a typical example where stored procedure
can be effective with ER-SPML. A company named ACME
Inc runs its business on a server located at the headquar-
ters and on the client systems in one named branch where
Human Resource(HR) Department is located is running the
local application. An payroll clerk is working with HR ap-
plication on client side, which has to update minimally two
tables on the server side:
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- the employee table is named EMPLOYEE
- the department table is named DEPARTMENT
We consider that the relationship between DEPARTMENT
and EMPLOYEE is 1:m ; in one department are working
many employees. A company policy raised the employees
salary after five years with 10%; this will be on the server
side.

A standard syntax for procedure in RDBMS flavors [3,
11, 12, 14, 19, 21, 22] is:

CREATE

[PROCEDURE]|
[FUNCTION] procedure_name[list_of_param]

[RETURN]|[RETURNS]

[IS]|[IN]|[AS]

[local_declaration]

[OS :Windows | NetWare | UNIX]

BEGIN

[procedure_body]

[EXCEPTION]|[ON EXCEPTION RESUME]

[exception_body]

END procedure_name;

In Figure 1 we present the ER Diagram from P.P. Chen
point-of-view, conceptual level with rectangle for entity
name, oval for attributes and lines connected to the entity,
for the Human Resource(HR); this diagram is easy to trans-
form in Figure 3 at the physical level for HR Database Dia-
gram.

In Figure 2 we extend the ER Diagram with ER SP ap-
pending a new diagram shape for salary raised() opera-
tion for the conceptual level; this diagram is easy to trans-
form in Figure 4 at the physical level in HR Database Dia-
gram with procedure.

The ER-SPML is represent with the following code:

context salary_raised(Emp_ID : NUMBER,
raise : NUMBER)

Emp_ID NUMBER,raise NUMBER;
if(YEAR(SYSDATE()-YEAR(HireDate)) >5
raise=salary+salary*0.1
end if;

Figure 1. ER Diagram for HR without ER SP

Figure 2. ER Diagram for HR with ER SP

Figure 3. HR Database diagram without pro-
cedure
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Figure 4. HR Database diagram with proce-
dure

7. Conclusion

ER-SPML proposed a operation called Stored Proce-
dures for the diagrammatical representation(trapezoidal)
and the language behind him in idea to be platform inde-
pendent in relation with SQL dialects and their Procedural
Languages. The concept of stored procedures operation is
abstract, helps in syntactic and semantic modeling, and is
required in physical implementation. A stored procedures
operation along with his language captures the syntactic and
semantics of an RDBMS schema in his dynamical evolu-
tion, not in statical way like ER model.
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