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ABSTRACT

An ERG (Entity-Relationship Graph) can be used to provide a semantic structure
to a relational database system. An ERG is defined by local regions. A local region
contains two nodes of entity types and a node of relationship type. The semantic con-
straints of the database represented by the ERG (Entity-Relationship Graph) can be
used to enforce the global integrity of the database system. A query is mapped onto
the ERG to obtain an ERQG (Entity-Relationship Query Graph). This mapping can be
specified by the user by navigating the database or automatically allocated by the sys-
- tem via a universal relation interface. The ERQG representation of a query can be
semantically decomposed into a sequence of Local Regions. These Local Regins can
then be processed according to their order in the query. The ER-semijoin operation is
introduced to process this sequence of Local Regions. Using this approach, architec-
tures of database systems are proposed - two-phase interface and one-phase interface.

An implementation of a user interface is also discussed.
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CHAPTER1
INTRODUCTION

1. ERM and Extended-ERM

The Entity Relationship Model (ERM) was introduced as a semantic model for
the enterprise view of data [Chen1976]. An enterprise view allows a database
designer to view the whole enterprise. The most important benefit of introducing
ERM as an enterprise model on database design is that an ERM used as an enterprise

schema is more stable and easier to understand than the user schema.

As introduced by Chen, an ERM contains entity types, relationship types, and
attributes. Amn entity type may have an Existency Dependency or ID Dependency with
the other entity types, and such an entity type is called a weak entity type. The
existent dependency is that the existence of an entity type depends on the existence of
another entity type; the ID dependency is that an entity type cannot be uniquely
identified by its own attributes and has to be identified by its relationship with other
entity types. The semantics of an ERM can always be represented in the relationship
types which connect the entity types. A cardinality is the description of the association
between an entity type and a relationship type. The cardinality, which represents con-
nection between a pair of entity types to a relationship type, is one of the fundamental

semantics of an ERM, denoted as 1:1, 1:m, m:1 or m:n.

An extended semantic representation of an ERM, which is obtained from modi-
fying the ERM, always depends on the application of an ERM to represent a real
world. Thus in order to represent more sophisticated information in the real world,
several different types of extended ERM which are related to different applications of

information in the real world has been proposed. [Sen1981, Neum1986, Webr1981].



2. A Relational Database System Based on ERM

The semantic structure of an ERM can be converted to implementational models
such as network data models, hierarchical data models, and relational data models.
Conversion of the structure of an ERM to a hierarchical model or a network model
can destroy the semantics carried in the ERM. The mapping of an ERM to the rela-
tional data model has the benefit that either an entity type or a relationship type can
represent a physical relation. Therefore, each entity type or rglationship type of an
ERM can be directly mapped into the physical level. [Hawr1984]. Another benefit of
the mapping of a relational data model from an ERM is that its entity type and rela-
tionship type are related to different semantics. Thus a relational database system
based on ERM can be viewed as two levels: conceptual and physical. Since there is
no difference between the representation of an entity type and relationship type in the
physical level, we may have a unique way of handling entity types and relationship
types in the physical level. The semantic difference among entity type, weak entity
type, and relationship type can then be built in the conceptual level. Due to the dif-
ferent properties in representing the real world, an entity type or a relationship type
may have a semantic linkage to another entity type or relationship type. With distin-
guishable semantic linkages between entity types and relationship types, the semantic
structure of a database represented in ERM can be grouped into semantic regions.

Such a semantic region is discussed in chapter 2.

The four schema approach for database architecture was proposed by Prabuddha
[Hase1981, Sen1981]. The traditional three-schema architecture of a database con-
tains external schema, internal schema, and conceptual schema. In the four schema
approach, the conceptual schema is decomposed into enterprise schema and canonical
schema such that the architecture of database contains external schema, internal
schema, enterprise schema, and canonical schema. The enterprise schema is the ERM

(Entity-Relationship Model); and the canonical schema is regarded as the data



structure of the enterprise schema. The utility of enterprise schema may enhance the

overall conceptual framework of the database system.

A database and knowledge base integrity control method and constraints valida-
tion is presented by Nguyen and Qian [Nguyl1986, Wied1986]. Nguyen introduced
the prototypes and database samples for the control of semantic integrity. We will
introduce the semantic control of a relational database system that uses ERM instead
of prototypes and database samples. In our application, a relational database system
can be viewed as a knowledge based system that contains the knowledge of the con-
ceptual level and the knowledge of the physical relations of the database systems.
That is, after the mapping of an ERM into a relational database, the semantics of the
database system are preserved as part of the knowledge of a user-friendly interface or
knowledge based system. The relational database system whose physical relations are
mapped from an ERG, and whose semantics are represented by an ERG in the concep-
tual level is called RDKER (Relational Database with Knowledge of Entity Relation-
ship Graph).

3. Overview on a Universal Relation

Though the relational data model proposed by Codd can help the user without
the necessity of navigating the physical database, it can not remove the need of the
user to navigate the logical database. In order to help the user navigating the logical
database, many user-friendly interface models such as a natural language interface, a
semantic query language [Poon1978, Doug19851, and a universal relation interface
are proposed. A universal relation model is always based on a relational data model
which may help the user without the need to navigate the logical database. [Brad1985,
Davi1984, Kent1983, Ullm1983]. In other words, the purpose of a universal relation
is to provide the user a simplified scheme of database. This simplified universal rela-

tion model can help the user to make a query without the necessity of understanding



the underlining structure of the relational database. Since the user does not need to
know the conceptual structure of the database, all of the attributes in the scheme have
to be globally defined. Thus the general universal schema assumption is that all of the

attributes in the universal relation should be uniquely and globally defined.

To construct a universal relation interface, there are two different approaches. A
universal relation model which treats the whole relational database system as a univer-
sal relation or several universal relations is always called a pure universal relation
approach. That is, a universal relation which uses multivalue dependency and maxi-
ma! objects as proposed by the Ullman [Davil984], is a pure universal relation
approach. Thus a universal relation system, such as system/U [Henr1984], which is
based on the theory of maximal objects, multivalue dependency, and chase manipula-
tion is a pure universal relation approach. In this approach, the maximal object is
defined as the largest set of objects in which the user is willing to navigate [Davil984,

Alfr1979].

Instead of a maximal object, an extension join was proposed by Sagiv for the
allocation of the accessing paths of a query on a universal relation interface
[Sagi1983]. In Sagiv’s approach to the universal relation scheme, the concepts of
multivalue dependency and maximal objects are not employed. In the execution of an
extension join, the access paths of a user’s query is automatically allocated by the aid
of functional dependency among attributes. Besides the extension join, Sagiv also
defines the physical representation phase of the relational database system as a

representative instance.

There is a new trend to the universal relation that does not use the maximal
object or extension join. Such an approach to the universal relation uses a semantic
model, the Entity-Relationship Model (ERM). [Brad1985]. In Brady’s approach to

the universal relation, the outer join is exerted as the processing operator for a query.



Instead of the outer join, an efficient operation -ER-semijoin based on the ERM will

be introduced.

4. ERM for Database Design and Query Processing

Since the Entity-Relationship Model (ERM) was introduced by Chen, it has
become a widely accepted semantic model in database design [Hawr198S5, Fry1982].
Besides being a good semantic model for the designing of database systems, An
Entity-Relationship Diagram (ERD) can also be used as an access model which may

help users navigate database systems [Zhan1983, Schu1986, Poon1978].

We will introduce the application of an ERM as the semantic structure of a rela-
tional database system. In order to use an ERM as the structure of a relational data-
base system, more constraints are required on an ERM. An extended ERM
represented by an ERG which may represent the semantic structure of a relational
database system will be investigated. The research contains the following series of

phases:

(1). The definition of semantic regions of ERG (Entity-Relationship Graph) and their
constraints on the global consistency of the database: The updating of a database
can be categorized as modification, insertion, and deletion. The application of an
ERG to the maintenance of the integrity for the updating of a database will be

discussed in this chapter.

(2). Explore efficient query tree processing based on ERG: acyclic subgraphs of an
ERQG can be decomposed into a set of local regions which can be processed by
an ER-semijoin. An ER-semijoin is an efficient operator that can be processed in

the conceptual level with the semantics of ERM.

(3). Define an ERQG (Entity Relationship Query Graph) and tree structures of sub-
graphs of an ERQG on a relational database system: The semantic structure of a

relational database system can be defined as an ERG (Entity Relationship
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Graph). A query graph can be obtained by mapping the query onto this ERG
such that the query graph contains a subgraph of the ERG and the relational
operators of a query on the ERG. Besides helping the user navigate the database,
an ERG can also be applied to the automatic allocation of access paths of a query
on a universal relation interface and the conversion of cyclic subgraphs of an

ERQG to tree structures.

The traditional relational database system always use functional dependency
between the attributes to obtain the integrity and consistency on the processing of
user’s query (update and retrieval). In a RDKER (Relational Database System with
Knowledge of ERG), the ERG is treated as part of the knowledge of a database system
and which is in the conceptual level. With the knowledge of the semantic structure of
a relational database system, the information integrity and data consistency of the
relational database system on the respondence of user’s query can be enforced through

the constraint of the semantics of ERG.

Based on the query processing on a local Region, the operation of join operation
on access paths of user’s query can be efficiently modified by using ER-semijoin.
ER-semijoin, an efficient operation technique for the processing of the access path of
user’s query, is based on the built-in knowledge of the ERG in the query system of
databases. With this knowledge of the ERG in the query system, a user’s query about
the information in the databases can be decomposed into access paths which contain
only Entity nodes and relationship nodes. Then, by exerting ER-semijoin operation
on these entity nodes and relationship nodes, the processing of a query can avoid all
redundant operation on Entity nodes of physical instances. Nevertheless, ER-semijoin
operation will also reduce the unnecessary operation of attributes in the related rela-

tions.

Being different from traditional join operators, such as natural join, equijoin,



semijoin, and outer join, the ER-semijoin is an intelligent operator for obtaining the
function of joining two relations. The operation of ER-semijoin, based on the rela-
tions in the conjunct local regions, which is much more efficient than the traditional
joining operators that are implemented on relationship nodes of local regions one rela-

tion after another.

(4). Introduce an ERG approach to the universal relation interface: A universal rela-

tion Interface based on the semantic structure of an ERG is discussed.

A new universal relation approach that is based on the ERG and which uses ER-
semijoin for the query processing will be proposed. In this approach to the universal
relation, the ERG (Entity-Relationship Graph) is used as the structure of a relational
database system. For a query, an ERG approach has several advantages. The first
advantage of the ERG approach is that an query graph can be represented in an
directed graph. The second advantage of the ERG approach is that the relational opera-
tors of the query can be mapped into the ERG. Then, such an ERG can be employed
on the allocation of the access paths via a universal relation interface. That is, an
ERQG on the universal relation interface which is based on ERG can be obtained.

Finally, we may employ ER-semijoin for the query processing of the ERQG .

(5). Develop an integral relational database based on ERG: The ERG, ERQG, ER-
semijoin, and universal relation interface can be applied either to One-Phase
database systems or Two-Phase database systems. The architecture of the con-

struction of these systems is discussed.

The organization of these phases is illustrated in the Fig. 1.



(1)
RDKER(Relational Database with Knowledge of ERG)
Semantically clear ERG -> RDKER

Global update on a RDKER
3) @
ERG(ER Graph) ER-semijoin
ERQG(ER Query Graph) (on the relational databases)
\
The universal relation
based on ERG and ERQG
(The retrieval interface)
G
Implementation of (1) (2) (3) and (4)
One Phase Systems

Two Phase Systems
Multiple Interfaces based on RDKER

Fig. 1 The Organization of the phases of the research.



An ERG (Entity-Relationship Model) may be used as an intermediate level for
the query processing of Multi-Model DBMS [Dayal983, Good1983, Morg1983]. A
Heterogeneous Database interface between global schema and local schema using
ERG as a conceptual intermediate is proposed by Katz and Goodman [Good1983].
Hai and Mattew also employed ERG as a intermediate interface among multimodel

database systems [Dayal983].

The semantic structure of a well designed relational database system can be
represented in an ERG. This representation has the advantage that a NJ query can be
mapped onto the ERG to obtain a subgraph of the ERG. A natural join query is a query
which simply computes the natural join of relations on a relational schema. An ERQG
(ER-Query Graph) represents the natural join query based on the ERG. For a cyclic
ERQG, the cyclic subgraphs of the restriction part of the ERQG can always be con-
verted to tree structures. Finally, ER-semijoin can be employed to process the sub-

graphs represented in the tree structures.

The representation of an ERG as the semantic structure of a relational database
has many advantages. The first advantage is that an query on an ERG can be
represented by an ERQG which can be processed more efficiently than a traditional
query graph on a relational database. That is, we may use ER-semijoin to process an
ERQG, which is an efficient query processing technique that we may skip the process-
ing on some entity nodes in the access paths of a query. Such an optimization query
processing technique of ER-semijoin can be applied to all other intermediate inter-
faces built on top of the RDKER (Relation Database with Knowledge of ERG ).
Besides, we may build a universal relation interface by using ERG without exerting
FD (functional dependency) for the allocation of access paths of a query on a univer-
sal relation interface. Nevertheless, for a query of updating (insertion, deletion,
modification), we may use local constraints defined on the local regions of the ERG to

maintain the integrity of the database [Chen1987].
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The architectures of the construction of database interfaces based on the ERG and
ERQG can be categorized into two-phase interface and one-phase interface. A two-
phase interface of relational data model using ERG and ERQG contains more than two
separate phases - the user-friendly interface and the underlying database system, i.e. to
process a query, the transaction of the information between the interface and the data-
base systems is necessary. A one-phase interface of relational data model using ERG
and ERQG contains only one phase, i.e. the user-friendly interface is part of the data-

base system.



CHAPTER 2
THE ENTITY-RELATIONSHIP GRAPH AND ITS CONSTRAINTS
ON THE GLOBAL CONSISTENCY OF DATABASE

1. ENTITY-RELATIONSHIP GRAPH AND LOCAL REGIONS

The ERM is a semantic model which views the real world in terms of entity types
and relationship types between entity types. An entity is an object which exists in the
real world and can be distinctly identified. Entities can be classified into different
entity types. A relationships describes the association between two entities or among
several entities. Relationships can be classified into different relationship types. The
properties of the entities and relationships can be expressed in terms of attribute-value
pairs. An ERD is introduced as the diagrammatic technique to describe the ERM . In an
ERD, an entity type is represented by the rectangular box and a relationship is
represented by the diamond box. For example, in Fig. 1, PERSON and BOOK are
entity types, BORROW and WRITE are relationship types. The labels on of the arcs N
and M are cardinalities which indicate that the relationship types is many to many

[Chen1977].

To implement an ERD with extended representation in the diagram, an extended
ERD is introduced. In this extended ERD, an entity type or a relationship type is
represented as a node; an entity node is a node of entity type and a relationship node is
a node of relationship type; an arc is the connection between an entity node and a rela-
tionship node. In this application, a relationship node of an "exist dependency" or "id
dependency” and the relationship node of "ISA" type is defined as the binary relation-
ship.

In an ERD, if the existence of an entity node depends on the existence of another

entity node then this entity node is called a weak entity node.

11
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PERSON person_id

BORROW

BOOK book_id

person_id

person_id
book _id

book_id

Fig. 1 The Entity-Relationship Diagram of the relational database LIBRARY.
DEFINITION 1 A local region is a subgraph of an ERD. A local region contains two
nodes of entity types and a node of relationship type, two arcs such that each arc con-
nects the node of the relationship type and one of the entity types, and two labels,

denoted as [E;, R;, E;, ARC;;, ARC,, C;;, C;;, G, where E; and E, represent entity nodes

ijr v

or weak entity nodes, R; represents a relationship node; ARC;; and ARC, are arcs with
end nodes E;, R; and R;, E, respectively; C; and C; represent the cardinalities of the
relationships and are the labels of the local region; G describes the type of the local

region, which will be discussed separately.

In the physical representation level of a local region, the constraints among the
values of the key attributes of nodes is called a local constraint. The local constraint
of local regions is defined separately according to the different types of semantic

representation of local regions.

We call a local region [E;, R;, E;,ARC;;, ARCy, C;;, C, G] with order from E; to R;
and from R; to E, a directed local region. In a directed local region
[E:,R;, E;,ARC;;, ARCy, C;;, Cy,, G], the node E; is called the tail and the node E, is

called the head.
A local region can be categorized according to its semantic representation and

local constraint into four types - dependency local region (D), specialization local

region (§), role-relationship local region (R ), common local region (C).
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DEFINITION 2 The dependency local region [E;, R;, Ey, ARC;;, ARCy,, C;;,C, D] is a
directed local region with tail E; and head E,, in which the node E, has "existence
dependency” or "id dependency"” on the node E;, and which satisfies the local con-
straint

npg, 7 (Ep) =Tpg,r (R;)

Tkt (R;) S Tpg 1 (E;)
where PK; PK, are the key attributes of the nodes of the local region E;, E, respec-
tively; r(E;), r(R;), r (E;) are physical instances which represent the E;, R;, and E, in the

physical level respectively.

emp_id
address EMPLOYEE _u_@.u_ STATE state_name
phone
emp_id

child name emp_id st'ate_name
child_order state_name city_name

child_name
birth_date [

CHILD | [ CITY | city_name

city name
street_name

I STREET l street_name

Fig. 2 The ERD of the relational database EMPLOYEE.

The head of a dependency local region represents a weak node of the tail.
According to the local constraint of the dependency local region, the transitive pro-
perty of weak nodes exists. In other words, the head of a dependency local region can
be the weak node of the tail of another dependency local region iff the tail of the first

local region is the weak node of the second local region. For two dependency local
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regions [E;, R;, E,, ARC;;,

ARCjy, Cy;, Cy, D] and [E, Ry, E,,, ARCy, ARC,,,, Cy, Ci,, D], E,
is a weak node of the node E; and E,, is a weak node of E;, From the transitive pro-
perty E,, is a weak node of E;. In the connected local regions, we assume that an entity

node of a dependency local region can not be a weak node of its weak nodes.

Example 1: The ERD as shown in fig. 2 has dependency local regions [EMPLOYEE,
HAS, CHILD , ARCy y, ARCy ¢, 1, M, D], [STATE, HAS_1, CITY, ARCs y1, ARCy ¢, 1, M,
D], and [CITY , HAS_2, STREET , ARC¢ y3, ARCy, srreer> 1 M, D]. In these local regions,
the node CHILD is a weak node of the node EMPLOYEE, the node CITY is a weak node
of the node STATE, the node STREET is a weak node of the node CITY and a weak node

of the node STATE.

In the local regions with common entity nodes, a node is called the content of
another node if the collection of the values of key attributes on this node is the subset

of the collection of that on another node.

DEFINITION 3 The specialization local region [E;, ISA, E;, ARC;;, ARCj,, C;j, C., S] is
a directed local region with tail E; and head E,, in which the node ISA describes the
specialization relationship such that the node E, is ‘the content of the node E;, and
which satisfies the local constraint

ek (Ex) < Tpg, 1 (E;)

The head of a specialization local region represents the object which is a content
of the tail. The head is called the specialization node of the tail in a specialization
local region. According to the local constraint of the specialization local region, the
transitive property of content exists. In other words, the head of a specialization local
region can be the specialization node of the tail of another specialization local region
iff the tail of the first local region is the head of the second local region. We assume

that in the local regions with common entity nodes, a node can not be the specializa-
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tion node of its specialization node.

PERSON

<5A >  <IsA =

DOCTOR PATIENT
<ISA > <IsA >

INTERNIST OCULIST

Fig. 3 The ERD of a relational database PERSON.
Example 2: The ERD as shown in fig. 3 has specialization local regions [PERSON, ISA,
DOCTOR , ARCpggson 154> ARCisa_pocrtor s 1, 1, 81, [PRESON, ISA, PATIENT, ARCpEpson Isa»
ARCiss paTiENT > 1, 1, S], [DOCTOR, ISA, INTERNIST , ARCpocror _isas ARCysa it 1, 1, §],
[DOCTOR, ISA, OCULIST , ARCpocror ssa> ARCisa ocu»> 1, 1, §]. In these local regions, the
node DOCTOR and the node PATIENT are the contents of the node PERSON ,the node
INTERNIST and the node OCULIST are the contents of the node DOCTOR and they are

also the contents of the node PERSON .
The local constraint of a local region which is not a directed local region is
Tpk? (R;) © pg, 7 (E;)

Tpx, T (R;) < Tpg, 7 (Ey)

DEFINITION 4 The role-relationship local region [E;, R;, Ex, ARC;;, ARCj,C;;, Cjs, R]
is a local region in which the nodes E;, E, are heads of another specialization local

regions and they are contents of the same node.

Example 3: The ERD as shown in fig. 3 has a role-relationship local region [DOCTOR,

TREAT, PATIENT , ARCDOC'I'OR_TREAT, ARCTREAT_PATIENT’ N, M, R]. In this local regions, the
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node DOCTOR and the node PATIENT are the contents of the node PERSON .

DEFINITION § The common local region [E;, R;, E, ARC;;, ARCy, C,

ii» Cix» R] is a local

region which is neither a directed local region nor a role-relationship local region.

Example 4: The ERD as shown in fig. 2 has a common local region [EMPLOY, LIVE,
STATE, ARCgyp 1jves ARCpyvg states N, M, C]. In this local region, the node EMPLOYEE
and the node STATE are not the head of any directed local region.

The local region in an ERD can be either a directed subgraph or an undirected
subgraph. The specialization local region and dependency local region are directed
subgraphs. The local regions other than specialization local region and dependency

local region are undirected subgraphs.

DEFINITION 6 An ERG (Entity-Relationship Graph) is an ERD in which if a pair of
entity nodes are adjacent to a relationship node, then these entity nodes and their adja-
cent relationship node can be represented by one of the local region as defined above.
In an ERG nodes of a local region can be the tails of the other local regions. If
there is a tail of a dependency local region which is not a head of any dependency

local region, then we may construct a hierarchical region starting from this node.

DEFINITION 7 A hierarchical region Hy of an ERG is a structure which is the sub-

graph of an ERG such that

(1) there is a special node called the start node which is the tail of a dependency
local region and which is not a head of any dependency local region,

(2) all of the dependency local regions that contain the start node are contained in
the region,

(3) the dependency local regions whose tails are in the hierarchical region are con-

tained in the region.
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Example 5: The ERG as shown in fig. 2 has two hierarchical regions. The hierarchical
region with root EMPLOY is {[EMPLOYEE , HAS, CHILD , ARCg y, ARCy ¢, 1, M, D1}; the
hierarchical region with root STATE is {[STATE, HAS_1, CITY, ARC; y\, ARCy; ¢, 1, M,

D], [CITY, HAS_2, STREET , ARC¢ 13, ARCys streer, 1 M, D1}

If there is a tail of a specialization local region which is not a head of any spe-
cialization local region, then we may construct an inheritance region starting from this

node.

A directed inheritance structure Tp of an ERG is the structure which is a sub-

graph of an ERG such that

(1) there is a special node called the start node which is the tail of a specialization

local region and which is not a head of any specialization local region,

(2) all of the specialization local regions that contain the start node are contained in

the structure,

(3) the specialization local regions whose tails are in the directed inheritance struc-

ture are contained in the directed inheritance structure.

DEFINITION 8 An inheritance region I of an ERG is a subgraph of an ERG and
which contains (i) the directed inheritance structure Ty starting from the start node R’
and (ii) the role-relationship local regions whose two end nodes of entity types are in

the directed inheritance structure.

Example 6: The ERG as shown in fig. 3 represents an inheritance region with root PER-
SON as { [PERSON, ISA, DOCTOR , ARCpgrson ssa > ARCisa pocror> 1, 1, S1, [PRESON , ISA,
PATIENT , ARCpigson 154> ARCisa patients> 1, 1, 81, [DOCTOR,, ISA , INTERNIST , ARCpocror ssas
ARCyso it 1, 1, S1, [DOCTOR, ISA, OCULIST , ARCpocron isa» ARCisa_ocu» 1, 1, 81, [DOC-

TOR, TREAT, PATIENT , ARCpocror_trear> ARCrrear patients N> M, R1}.
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For two end nodes of an arc, one end node is called the adjacent node of the
other. The adjacent nodes of an entity node are relationship nodes and the adjacent
node of a relationship node are entity nodes. A surrounding region of a node which is
not a head or a relationship node of a directed local region consists of (i) a central
node which is represented by this node, (ii) the adjacent nodes of the central node,
which are also not a head or a relationship node of a directed local region, (iii) the arcs
connect the central node and its adjacent nodes. A surrounding region of an entity
node is called an entity surrounding region. A surrounding region of a relationship
node is called a relationship surrounding region. We assume that in a surrounding
region of an ERG , the key attributes is uniquely defined. In other words, in a surround-
ing region, the same key attributes in the relationship nodes is defined by only one

entity node.

E, ——<e>—— E, 0

R

E; L——<e>—— E;

Fig. 4 An ERG of a RDKER.

Example 7: The semantic model of a relational database is represented by the ERG in
fig. 4. The entity surrounding region of the entity node E, is {E;, Rg, R¢, Ry;}. The rela-

tionship surrounding region of the the relationship node R is {R¢, E7, Eq, Es, E o).

A relationship surrounding region with a central node of n-ary relationship can

be represented by n(n-1)/2 local regions.
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Example 8: The relationship surrounding region [WORK , PERSON , PROJECT , DEPT] of
an ERG with a 3-ary central node of relationship type WORK can be represented by
3(3-1)/2 local regions as [PERSON , WORK , PROJECT,N, M, C] [DEPT , WORK , PERSON ,

1, M, C] [PROJECT, WORK ,DEPT,N, M, C].

2. UPDATING PROPAGATION STRUCTURE FOR DATA CONSISTENCY
IN THE ERG

A query of updating is categorized as insertion, deletion, and modification. To
maintain the integrity of a database for updating a node in an ERG, some of the adja-
cent nodes of this node have to be updated. Thus the processing of updating has to be
propagated from a node to its adjacent nodes which have to be updated. Such a propa-
gation of updating from a node to its adjacent node is called updating propagation.
Similarly, the updating of each adjacent node of a node may require that some nodes
adjacent to each adjacent node to be updated. The updating of a node can be itera-

tively propagated until the integrity of the database is maintained.

In a query of updating, the user specifies the attribute values of a node in an ERG
to be updated. This specified node in a query of updating is called the start node of
updating with respect to the query. The structure which represents the propagation
sequence for the updating of a start node is called the updaring propagation structure
of a start node. In the construction of a updating propagation structure, we assume
that the head of a specialization local region can not be the head of a dependency local
region. A

For a query of updating with a start node, a top down updating propagation

seructure of the start node which is in a hierarchical region is a structure such that:

(i) The nodes of the dependency local regions which contains the start node as their
tails or as their relationship nodes can be contained in the structure. In these

dependency local regions, if the start node is a relationship node, then the heads
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of these local regions are contained in the structure as the children of the start
node; else all of the relationship nodes of these local regions are contained in the
structure as the children of the start node and the head of these local regions are
contained in the structure as the children of their relationship nodes. If a head
has more than one adjacent relationshiop node in the structure, then duplicates

the head such that each head in the structure has only one parent node.

(i) The nodes of the dependency local regions which is never used in the construc-
tion of the structure and whose tails are in the structure can be contained in the
structure. The relationship nodes of the selected dependency local regions are
contained in the structure as the children of their tails, then the heads of these
local regions are contained in the structure as the children of their adjacent rela-
tionship nodes in the structure. If a head has more than one adjacent relationship
node in the structure, then duplicates the head such that each head in the struc-

ture has only one parent node.

(iii) The relationship nodes of the common local regions which have their nodes in
the structure are contained in the structure as the children of their adjacent nodes

in the structure.

For a query of updating with a start node, a top down updating propagation

structure of the start node which is in a inheritance region is a structure such that:

(1) The nodes of the specialization local regions which contains the start node as
their tails or as their relationship nodes can be contained in the structure. In
these specialization local regions that contain the start node, if the start node is a
relationship type, then all of the heads of these local regions are contained in the
structure as the children of the start node; else all of the relationship nodes of
these local regions are contained in the structure as the children of the start node

and the heads of these local regions are contained in the structure as the children
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of their relationship nodes. If a head has more than one adjacent relationshiop
node in the structure, then duplicates the head such that each head in the struc-

ture has only one parent node.

(ii) The nodes of the specialization local regions which is never used in the construc-
tion of the structure and whose tails are in the structure can be contained in the
structure. The relationship nodes of the selected specialization local regions are
contained in the structure as the children of their tails, then the heads of these
local regions are contained in the structure as the children of their adjacent rela-
tionship nodes in the structure. If a head has more than one adjacent relationship
node in the structure, then duplicates the head such that each head in the struc-

ture has only one parent node.

(iii) The relationship nodes of the common local regions which have their nodes in
the structure are contained in the structure as the children of their adjacent nodes

in the structure.

(iv) the relationship nodes of the role-relationship local regions whose two entity
nodes are in the structure are duplicated and contained in the structure as the

children of its adjacent entity nodes.

For a query of updating with a start node, a bottom up updating propagation

structure of the start node which in a hierarchical regions is a structure such that:

(i) The nodes of the dependency local regions which contain the start node as their
heads or as their relationship nodes can beAcontained in the structure. In these
dependency local regions, if the start node is a relationship node, then all of the
tails of these local regions are contained in the structure as the children of the
start node; else all of the relationship nodes of these local regions are contained
in the structure as the children of the start node and the tails of these local

regions are contained in the structure as the children of their relationship nodes.
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If a tail has more than one adjacent relationship node in the structure, then dupli-

cates the tail such that each tail in the structure has only one parent node.

The nodes of the dependency local regions which is never used in the construc-
tion of the structure and whose heads are in the structure are contained in the
structure. The relationship nodes of the selected dependency local regions are
contained in the structure as the children of their heads, then the tails of these
local regions are contained in the structure as the children of their adjacent rela-
tionship node in the structure. If a tail has more than one adjacent relationship
node in the structure, then duplicates the tail such that each tail in the structure

has only one parent node.

For a query of updating with a start node, a bottom up updating propagation

structure of the start node which is in an inheritance region is a structure such that:

®

case I: the start node is a relationship node of a role-relationship local region

In a role-relationship local region, the key attributes are specified with the role.
From the specified role of the start node, the entity node in the local region which
has the specified role can be identified. The entity node in the role-relationship
local region which has the same specified role with that of the start node is con-
tained in the structure as the child of the start node;

case II: the start node is in a specialization local region

The nodes of the specialization local regions which contains the start node as
their heads or as their relationship nodes may be contained in the structure. In
these specialization local regions, if the stért node is a relationship type, then all
of the tail of these local regions are contained in the structure as the children of
the start node; else all of the relationship nodes of these local regions are con-
tained in the structure as the children of the start node and the tails of these local

regions are contained in the structure as the children of their relationship nodes.
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If a tail has more than one adjacent relationship node in the structure, then dupli-

cates the tail such that each tail in the structure has only one parent node.

(i) The nodes of the specialization local regions which is never used in the construc-
tion of the structure and whose tails are in the structure are contained in ihe
structure. The relationship nodes of the selected specialization local regions are
contained in the structure as the children of their heads, then the tails of these
local regions are contained in the structure as the children of their adjacent rela-
tionship nodes in the structure. If a tail has more than one adjacent relationship
node in the structure, then duplicates the tail such that each head in the structure

has only one parent node.

The possibility for a top down updating propagation structure of a start node in
an inheritance or hierarchical region to be a cycle is that there are more than one local
regions with their nodes in the structure having the same head. Similarly, the possibil-
ity for a bottom up updating propagation structure of a start node in an inheritance or
hierarchical region to be a cycle is that there are more than one local regions with
their nodes in the structure having the same tail. According to rules of the creation of
a updating propagation structure, if there are more than two local regions which have
the same head for the top down propagation structure or the same tail for the bottom
up propagation structure then the common node is duplicated and contained in the
structure. Since there is not any node in the structure has more than two parent, these

updating propagation structures are tree structures.

In an inheritance region of an ERG, a node which is not the start node of the
region can be the start node of a hierarchical region. Likewise, a node which is not the
start node of a hierarchical region can be the start node of an inheritance region. In
this case, the updating propagation structure of a start node in an inheritance region

may propagate to hierarchical regions; and the updating propagation structure of a
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start node in a hierarchial region may propagate to inheritance regions. For the con-
venience, we may construct the updating propagation structure according to the updat-
ing propagating rules of a start node in an inheritance region or in a hierachical region
and extend the nodes in the structure as the start nodes of other hierarchical regions or
inheritance regions respectively if it is available. Thus the updating propagation struc-
ture of a start node in an inheritance region or a hierachical region can be constructed

iteratively form the updating propagating rules of a start node discussed above.

A surrounding updating propagation structure of a start node in a surrounding

region is a tree structure such that

(i) The nodes in the surrounding region of the start node in the ERG are contained in
the structure. These nodes adjacent to the start node in the ERG are the children

of the start node in the tree.

(ii) Each node in the tree may have children. The nodes in the surrounding region of
a node in the tree, which contain the key attributes of the central node and that
are not the parent of its central node in the tree, are contained in the structure as
the children of their central node in the tree. If a child has more than one parent
in the tree, then it is duplicated such that each child in the tree has only one

parent.

The surrounding updating propagation structure of a relationship node in a sur-
rounding region is called the relationship surrounding updating propagation struc-
ture; the updating propagation structure of an entity node in a surrounding region is

called the entity surrounding updating propagation structure.

These updating propagation structures defined above are tree structures. The
height of a updating propagation structure for updating is the longest path from the
root to a leaf. In a updating propagation structure, the degree of updating propagation

structure is defined as the height of the tree.
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THEOREM 1 The degree of an entity surrounding updating propagation structure is
1.

Proof: In a surrounding region, the key attributes of an entity node is uniquely defined.
In other words, the key attributes of the relationship nodes in this surrounding region
can not represent the key attributes of their adjacent entity types other than the root.
The updating propagation of the key attributes starts from the root of entity node and
ends at its adjacent relationship nodes. Thus the height of the such a updating propa-

gation tree is 1.

THEOREM 2 The degree of a relationship surrounding updating propagation struc-
ture is 2.

Proof: In a surrounding region, the key attributes of a relationship node should be
defined by its adjacent entity types. It is obvious that the height of updating propaga-
tion from the relationship node to its adjacent entity nodes is 1. The theorem 1 prove
that the updating propagation of an entity node is 1. The updating propagation of the
relationship node is the height of the updating propagation from the root to its adja-
cent entity nodes and the height of the updating propagation of its adjacent entity

nodes. Thus the degree of updating propagation of such a relationship is 2.

PERSON person_id

person_id A person_id
book_id @ BORROW book_id

Fig. 5.a Updating propagation structure of entity node PERSON.
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person_jd
BORROW book_id

person_id PERSON BOOK book_id

person_id person_id
book_id book_id

Fig. 5.b Updating propagation structure of BORROW.

Example 9: An ERG of database LIBRARY is shown in fig.1. The updating propagation
tree of the entity node PERSON is shown in fig. 5.a which represents the updating
propagation of the primary key person_id of the node PERSON. The updating propa-
gation tree of the relationship node BORROW consists of two subtrees, one subtree
has the primary key person_id and the other subtree has the primary key book_id is
shown in fig. 5.b . The degree of updating propagation of entity node PERSON is the
height of the tree of fig. 5.a and the degree of updating propagation of relationship
BORROW is the height of the tree of fig. 5.b. That is, the degree of updating propa-
gation of the entity node PERSON is 1 and the degree of updating propagation of the
relationship node WRITE is 2.

3. DATA CONSISTENCY OF A RELATIONAL DATABASE BASED ON THE
ERG

The advantage of using semantic level to control the integrity of a relational
database during the updating (modification, insertion, deletion) is that the constraints
among the key values of the physical instances can be defined in the semantic level
based on the local regions. A physical instance is a table in the physical level which is

represented by an entity node or relationship node in the semantic level. Thus with
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the knowledge of local regions in an ERG, the integrity control of a relational database

based on the ERG can be achieved.

To update (modify, insert, delete) a physical instance of an entity node or a rela-
tionship node in an ERG, null value constraints in the physical level should be studied.
A null value is a special value which is used to represent an unknown or inapplicable
value. In most database systems, some of the information may contain null value, for
example, the attributes of an entity node PERSON is PERSON[person_id, phone,
address, ...]. If a new person does not have a phone number yet, the null value of the
phone number should be allowed. But if the person_id is null, the system will have a
problem in the allocation of the tuple. Thus, the proper allowance of null values will
make the system more flexible and user-friendly. We assume that the projection on a

column of a physical instance does not contain null value.

The full null constraint on a physical instance of a RDKER is that there is no null
value contained in the primary keys. The partial null constraint on a physical
instance of a RDKER is that for each tuple at least one of the values of the key attri-

butes is not null.

Since an entity node represents the distinguishable entities of a database and its
primary keys are uniquely defined on each entity as an identifies, the null value in the
key attributes of an entity is a contradiction that an entity can be identified by primary
keys. Thus the null value is prohibited in the physical instance of an entity node in an

ERG

The null constraint on the relationship nodes depends on the design strategy of
the database system [Date1983]. For example, the local region [PERSON, BUY,
BOOK] contains two entity nodes PERSON, BOOK and a relationship node BUY. In
the physical level, the primary keys of PERSON and BOOK should not be null. How-
ever the null value in the key attributes of BUY may be partially allowed. The policy
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of this database design is that the department may allow the employees to buy books
without receipt when the price of the book is under twenty dollars. In this case, the
physical instance of the relationship may have some people who bought a book
without containing the information about the book. The null value of "book_id" on the

physical instance of the relationship node is allowed in this example.

For an n-ary relationship other than a binary relationship, the partial null con-
straint is always necessary. For example, let RS be a relationship surrounding region
and RS = [WORK, PERSON, PROJECT,DEPARTMENT], where WORK is a relationship
node surrounding by the entity nodes PERSON , PROJECT , and DEPARTMENT . Then, the
person who works in a department and who does not work in a project yet should have

a null value on the primary keys of the physical instance PROJECT .

A query on a database is categorized as retrieval and updating. The updating can
further be categorized into modification, insertion, and deletion. For a query of updat-
ing, the correctness and accuracy in the database can be controlled in the semantic
level. The integrity control of a relational database based on the local regions of the

ERG can be categorized according to the information of a node to be updated as
(1) the attributes to be updated are key attributes of a node in an inheritance region,
(2) the attributes to be updated are key attributes of a node in a hierarchical region,

(3) the attributes to be updated are key attributes of a node which is neither in a
hierarchical region nor in an inheritance region,

(4) the attributes to be updated are nonkey attrib;xtes.
The updating of the nonkey attribute values of a node will not affect the integrity

of a database. Thus the updating of nonkey attributes will not be discussed in this

chapter.

The local constraints of the local regions in an ERG can be applied directly on the

integrity checking of a relational database based on the ERG . The integrity checking of
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a database by applying the local constraints of all local regions in an ERG is called the
static integrity checking based on the local regions. The integrity checking of a data-
base which uses local constraints in updating propagation structures of a node to be

updated is called the dynamic integrity checking based on the local regions.
The integrity checking in a local region contains the following contents:

(i) Each physical instance of a local region has to be at least in the third normal

form.

(i) The key values of the physical instance of the relationship node should satisfy
the cardinality constraints defined in the local region. That is, in the physical
instance of a relationship node, the key values of the entity nodes have to be

checked whether they violate the cardinality specified in the local region.

(iii) The physical instances in a local region should satisfy the local constraint on the

local region.

The normal form of (i) have been widely discussed [Date1983, Hawr1984], and
cardinality constraints of (ii) is discussed by Lenzerini [Sant1983. We will discuss the
using of the updating propagation tree and the local constraints of the local regions of
the nodes in the tree for the updating of the database in the following sections. As dis-
cussed by the DATE that the updating of a relational database always depend on the
policy of the database design [Date1983], the detail implementation of these updating
propagation trees is depend on the policy of the database design. The design policy of

a database during update is not discussed here.

Example 10: The ERG as shown in fig. 2 has local regions [EMPLOYEE, HAS, CHILD ,
ARCg y, ARCy ¢, 1, M, D), [STATE, HAS_1, CITY, ARC y1, ARCy1 ¢, 1, M, D], [CITY,
HAS_2, STREET, ARC¢ 5, ARCyy srpeers 1 M, D1}, and [EMPLOYEE , LIVE , STATE , ARCy
ARC, 5, N, M, C]. The static integrity checking of this database can be processed as (i)

checking whether the physical instances of EMPLOYEE, HAS, CHILD, STATE, LIVE,
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HAS_1, CITY, HAS_2, and STREET are in the third normal form or not, (ii) checking the
cardinality restriction on the physical instances of HAS, HAS_1, and HAS_2 for 1:m
relationship; LIVE for n:m relationship, and (iii) checking the local constraints of the

physical instances of these local regions respectively.

The dynamic integrity checking in an ERG is more complex than the static
integrity checking based on the local regions. In the following sections, we will dis-
cuss the dynamic integrity checking based on local regions of an ERG for the updating
of a database. In a updating propagation tree, if an entity node is duplicated, then the
counter for the number of duplication have to be set up on this node. In the processing
of updating by using the updating propagation structure, if an entity node is dupli-
cated, then the updating of the subtree with this node as start node can be propagated

only if all the duplicated nodes of this entity node in the tree is updated.

3.1. Deletion

The updating propagation for the deletion of key values of nodes in inheritance
region, hierarchical region, and surrounding region can be represented by the top
down inheritance updating propagation structure, top down hierarchical updating pro-
pagation structure, and surrounding updating propagation respectively. A updating
propagation tree specifies the sequence of the deletion of the physical instances of the
nodes in the tree when key values of the start node are deleted. The deletion start from
the start node of the structure. If a node in the structure contains the information to be
deleted, then the processing of deletion should be propagated from this node to all the
children of this node; else the processing of deletion should not be propagated to any
child of this node.

Deletion of Key Values in an Inheritance Region
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An inheritance region may contain two types of local regions - role-relationship
local regions and specialization local regions. A role relationship local region is an
undirected local region such that the deletion of the tuples of the relationship node of

this local region will not affect the integrity of the other nodes in the ERG.

To delete the key attributes of 2 node in a specialization local region of an inheri-
tance region, a top down inheritance updating propagation structure which has this
node as start node can be created. The top down inheritance updating propagation
structure describes the processing order which specifies the sequence of the nodes in

the inheritance region and the nodes connected to the inheritance region to be deleted.

Example 11: The database PERSON as shown in fig. 3 represents an inheritance region
with start node PERSON . To deleted a tuple from the physical instance PERSON, some
tuples of the physical instance in the top down inheritance transition with start node
PERSON have to be deleted. This updating propagation tree contains entity nodes PER-
SON, DOCTOR, PATIENT , INTERNIST , OCULIST, and TREAT, where the node TREAT is
duplicated and connected to the nodes DOCTOR and PATIENT. In the physical
instances of the entity nodes DOCTOR, PATIENT, INTERNIST, OCULIST, the tuples
whose key values contain the key values of the tuple deleted in PERSON have to be
deleted. To delete the physical instance TREAT, the deletion has to be processed on
both the key attributes with role DOCTOR and the key attributes with role PATIENT
That is, the tuples in the physical instance of TREAT have to be deleted if (i) the key
values of the role DOCTOR which contains the key values of the deleted tuple in PER-
SON, or (ii) the key values of the role DOCTOR which contains the key values of the

deleted tuple in PERSON .

Deletion of Key Values in a Hierarchical Region

To delete the key attributes of a node in a dependency local region of a hierarchi-
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cal region, a top down hierarchical updating propagation structure which has this node
as start node can be created. The top down hierarchical updating propagation structure
describes the processing order which specifies the sequence of the nodes in the
hierarchical region and the node connected to the hierarchical region to be deleted.
The processing of the deletion should obey the local constraint of the dependency
local region. If the start node of a top down hierarchical updating propagation struc-
ture is a entity node and that is not the start node of the hierarchical region in which
this node is contained in, then the local constraints between the relationship nodes of
the dependency local regions which have this node as head and this node have to be
checked.

Example 12: In the database as shown in fig. 2, a top down hierarchical updating pro-
pagation structure with root STATE can be represented by the list with order of nodes
as STATE, HAS_1, CITY , HAS_2, STREET. The sequence for the processing of the check-

ing of local constraints in this structure are :
(1) Moate_name” Ritas D S Tiate_name " Estate)s
(D) sy pame” Ecrry) = ity name” Rigas 1);
(3)  Teoity name” Ruas 2) S ey pame " (Ecrry);

D) Treer_name " (ESTREET) = Tstreet_name ¥ (Rejas_2)-
If the tuples of STATE are deleted, then the tuples in the HAS_1 which violate the local
constraint (1) are deleted; then the tuples in the CITY which violate the constraint (2)
are deleted; then the tuples in the HAS_2 which violate the constraint (3) are deleted;

then the tuples in the STREET which violate the constraint (4) are deleted.

Deletion of Key Values in a Surrounding Region

We assume that the deletion of the key values of the relationship node in an

undirected local region does not affect the integrity of any other node in the ERG. To
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delete the key values of an entity node in a surrounding local region, an entity sur-

rounding updating propagation structure which has this node as root can be created.

If the root of an entity surrounding updating propagation is also the roots of
inheritance regions or hierarchical regions, then the top down inheritance updating
propagation structures or top down inheritance updating propagation structures are
created as the subtree of the root. Such a updating propagation structure describes the

processing order which specifies the sequence of the nodes in the ERG to be deleted.

Example 13: In the database LIBRARY as shown in fig. 1, the updating propagation
structure of PSRSON is shown in fig. 5.a. To delete a tuple in the physical instance PER-
SON, the tuples of the relations WRITE and BORROW , which contain the key values of

the tuple deleted in the relation PERSON have to be deleted.

3.2. Insertion

The updating propagation for the insertion of key attributes of nodes in inheri-
tance region and hierarchical region can be represented by the bottom up inheritance
updating propagation structure and bottom up hierarchical updating propagation struc-
ture. The bottom up inheritance updating propagation structure describes the process-

ing order which specifies the sequence of the nodes to be inserted.

Insertion of Key Values in an Inheritance Region

To insert the key attributes of a node of an inheritance region, a bottom up inher-

itance updating propagation structure which has this node as root can be created.

Example 14: The database PERSON as shown in fig. 3 represents an inheritance region.
To insert a tuple into the physical instance of the node OCULIST, a bottom up inheri-

tance updating propagation structure with root OCULIST can be constructed. In this
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example, the processing sequence can be represented by a list of nodes as OCULIST,
DOCTOR, PERSON. To apply the local constraint of a specialization local region into
this structure, the sequence of local constraints checking in this structure are

Tperson_id T (EocuLIsT) S Tperson_ia 7 (Epoctor )

Tperson_id TEpocTor) S Tperson_id T (Epgrson)-
The first constraint specifies the key values of the new tuple of the OCULIST should be
defined in the DOCTOR, and the second constraint specifies that the same key values

should also be defined in the PERSON .

Insertion of Key Values in a Hierarchical Region

To insert the key attributes of a node in a dependency local region of an hierarch-
ical region, a bottom up updating propagation structure of hierarchical regions which

has this node as root can be created.

Example 15: The database EMPLOYEE as shown in fig. 2 contains two hierarchical
regions. To insert a tuple into the physical instance of the node CITY, a bottom up
hierarchical updating propagation structure with root CITY can be constructed. In this
example, the processing sequence can be represented by a list of nodes as CITY, HAS,
STATE . By applying the local constraint of dependency local region into this sequence,
the constraints in this structure are
ity name TEcry) = ity pame T Reias 1)
Tstate_name T Rias_1) < nﬂm_u;mc r (Estaze )-

The first constraint specifies the key values of the new tuple of the CITY should be
defined in the HAS_1, and the second constraint specifies that the key values of the

statc_name in the tuples containing the inserted key should be defined in the STATE.
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Insertion of Key Values in a Surrounding Region

The insertion of tuples of an entity node which is not in a directed local region
will not affect the integrity of the other nodes in the ERG. To insert the key attributes
to a relationship node, the entity nodes which is in the relationship surrounding region
of the relationship node and which contain any attribute to be inserted have to be
checked. If there is any entity node which have a new key attributes to be inserted
and which is the root of an inheritance region or a hierarchical region, then bottom up
updating propagation tree of an inheritance region and hierarchical region with this

node as root have to be created as the subtree of this node.

3.3. Modification

A trivial case of the modification is that the user want to modify the key values
of a relationship node without the modification of the values of the entity nodes con-
nected to the relationship node. In this case, if the new values are defined in the
entity node which contain the key attributes and which is adjacent to the relationship

node, then the modification can be processed; else the modification does not allowed.

Modification of Key Values in an Inheritance Region

The modification of key values of a start node in an inheritance region can be

categorized as

(i) modification of all nodes in the inheritance region and related nodes which have

to be modified for the modification of these nodes,

(i) modification of nodes in the top down updating propagating structure of the start
node.

The policy of modification can be specified by the database designer. The user
may have to select the option of the modification before the processing of the

modification.
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The modification of a node in an inheritance region may start from any node in
the region, and a top down inheritance updating propagation structure with this node
as root can be created. If a node to be modified is not a start node of an inheritance
region, then before the processing of the modification in the updating propagation tree
the local constraint between this node and the tails of the specialization local regions
which have this node as head have to be checked. If the new tuples of the root node
of the top down hierarchical transition tree does not violate the integrity of the data-
base, then the modification can be propagated in the updating propagation tree start
from the root. For any node in the tree contains the information to be modified, then
the processing of modification should be propagated from this node to all the children
of this node; else the processing of modification should not be propagated to any child

of this node.

Example 16: The physical instances of PERSON,DOCTOR,INTERNIST, and OCULIST
contain key values [<p;>, <py>, <p3>, <p>, <ps>), [<pi>, <p3>, <ps>, <ps>],
[<p1><ps>], [ <pi>, <p3>, <ps>] respectively. To modify the key value p; of DOCTOR
to p by option (i), these nodes in the inheritance region contain the value of p, can be
modified to p. To modify the key value p, of DOCTOR to p, by option (ii), the nodes
DOCTOR , INTERNIST and OCULIST which contain the value of p; have be modified to

P2

Modification of Key Values in a Hierarchical Region

The modification of the key values of an entity node of a dependency local
region can be extended to the relationship nodes of the directed local region which
have this entity node as tail or the undirected local regions which contain this entity
node.
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The modification of the values of key attributes of a relationship node in a depen-

dency local region can be processed as

(i) if the key attributes to be modified are the key attributes of the tail, then the

modification is a trivial case;

(if) if the key attributes to be modified are the key attributes of the head, the new key
values can be either contained in the values of the key attributes of the head or
not. For the former case, the processing of the modification does not have to be
extended to the subtree with this relationship node as root. For the later case, the
modification have to be extended to the modification of the head on the same key

attributes.

Example 17: The nodes EMPLOYEE, HAS,CHILD represent nodes of a hierarchical
region in fig.2. The physical instances of these nodes EMPLOYEE, HAS, CHILD contain
key values [<e;>, <e,>,<e3>, <e4>], [<ey, ¢1>, <ey, €3>, <e,, ¢3>], and [c{>, <c3>, <c3>)
respectively. To modify key values of <e,, c;>, to <e,, ¢;> is a trivial case. To modify

key values of <e;, ¢;>,t0 <ey, c4>, the key value ¢, of CHILD has to be modified to c,.

Modification of Key Values in a Surrounding Region

The modification of the key values of a relationship node in a surrounding region
does not affect its adjacent entity nodes. For the modification of the key values of an
entity node in a surrounding region, the relationship nodes in the surrounding region
of this entity node have to be modified. Since the degree of surrounding updating pro-
pagation of an entity node is 1, the modification of an entity node will only propagate
to the adjacent nodes of this entity node. If this entity node is a start node of an inher-

itance region or a start node of a hierarchical region, the modification should be
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extended to the inheritance region or the hierarchical region as discussed in the previ-

ous sections.



CHAPTER 3
ER-SEMIJOIN OPERATION ON LOCAL REGIONS OF A QUERY
ON AN ENTITY-RELATIONSHIP GRAPH

1. ER-SEMIJOIN

Goodman propose a NJ query (Natural Join query) which simply computes the
natural join of relations on a relational schema [Chul1981, Shmu1982]. Berstein’s and
Goodman’s works are based on the logic structure of a relational database defined by
a relational schema. In this chapter, we study a NJ query based on the logical struc-
ture of a relational database represented by the acyclic subgraph of an ERG. Such a
NJ query whose navigation paths on the conceptual level can be represented by an
acyclic subgarph of ERG and which can be computed by the natural join operation.
For the convenience, we use query to represent natural join query on the acyclic sub-

graph of an ERG.

A physical instance of a database is defined as the representation of an entity
node or a relationship node in the physical level. The collection of physical instances
of a database (D) is defined as a representative instance, denoted as Rep(D)
[Sagi1983]. The access paths of a query on a RDKER may be decomposed into a
sequence of entity nodes and relationship nodes such that for each entity node or rela-
tionship node there is one and only one physical instance in corresponding to it. Then,
for a query on an ERG, we can exert natural join operator on these physical instances
in sequence to compute the query.

We observe that those queries which have long access paths can be implemented
more efficiently by skipping the unnecessary joining operation on the entity nodes in a
local region. Nevertheless, the joining operation on physical instances in some local

regions of a query can be reduced to the primary keys. The following example will

39
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illustrate the operation of ER-semijoin on a local region of a query.

DEFINITION 1 : In a local region of a query, the object entity node is the entity
node in the local region which contains the attributes whose domain is restricted. In
the physical instance of an object entity node, the tuples whose values of restricted
attributes are in the restricted domain are called object tuples. The collection of the

key values of the object tuples of an object entity node is called object list.

DEFINITION 2 : In a local region of a query, if one of the entity nodes is an object
entity node, then the other entity node is a target entity node with respect to the
object entity node. In the physical instance of the relationship node, the tuples whose
attribute values of the object entity node is in the object list is called the target tuples.
A target list is the collection of the key values of the target entity node of the target

list.

DEFINITION 3 : Let L; be a local region with two entity nodes E;_; and E;,,, with E;_,

being the object entity node and E;_, being the target entity node; and a relationship

node R;. The operation of acquiring the target list from instance of relationship R; and

the object list of E,,; is called ER-semijoin. We may illustrate the utility of ER-

semijoin as follows:

(i). Object list of E;y; is 04y, where 0,y = {[agsy -+ -+ Gganyjo- -0 Geap] | k 2 1
[@Ga1yss - - - » @gaaye] iS the list of the value on the primary keys of E;,q)}

(ii). Target list of E,_, is T,,, where T, = {lagpy...» Ggoyjr.--r @gogyal |
(n2D) A(lag g1 - -+ B1yn) € Topg (R ); [@Gays - - -+ @g1ya] iS the list of the value on
the primary key of E_;,}; where PK_,, is the primary keys of the entity node

Ei,.

(i) S = {r,ltn € R) A (mpg, (r) € Oi1y)}, Where PK,;, is the primary keys of the



41

entity node E; 4

(V) Ty ={t, | @r; ((r; € S) A ®pg, (1)) =tu))) AV 1,) (1, € Tisp) (m#n) = (8, #1,))}

DEPT dept_id
<BmOT>
PERSON person_id
<>
PROJECT proj_id
<> p
BbGer | g

Fig. 1 The ERG of the relational database DEPARTMENT .
Example 1 : Let DEPT, EMPLOY, PERSON, WORK, PROJECT, HAS, BUDGET be
the entity nodes and relationship nodes of the ERG DEPARTMENT as shown in fig. 1.
The query "Find the depr_id of the DEPTs that EMPLOY the PERSONs who WORK in the
PROJECT which HAS BUDGET with budget = 1500000.00 ", has long navigation path
that can be represented by local regions as {[DEPT,EMPLOY,PERSON],
[PERSON , WORK , PROJECT, [PROJECT, HAS, BUDGET]}. The utility of ER-semijoin on

this query can be processed according to the following procedures:

(1). Selecting and projecting on the primary key of the entity node BUDGET for bud_id
= 1500000.00
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(ii). Employing ER-semijoin on the local region [PROJECT, HAS , BUDGET.
(iif). Employing ER-semijoin on the local region [PERSON, WORK , PROJECT ).

(iv). Employing ER-semijoin on the local region [DEPT, EMPLOY , PERSON].

The procedures for the processing of ER-semijoin on a local region [E, R, E,] can

be illustrated as:

(). If E, is conjunctive to any local region that is processed before [E, R, E;], a set
of values on the primary key of E, can be obtained by executing ER-semijoin
on that conjunctive local region.

If the attributes of E, is restricted in the query, then selecting the primary key

of E, from the tuples whose restricted attributes is in the restricted domain.

(ii). Collecting the value of the primary keys of E; from the tuples of R such that
each tuple whose attributes of the primary key E, is in the list obtained from

step (i).

Example 2 : For the same database as illustrated in example 1, the physical instance of
the local region [Project, Has, Budget] are represented in Table 1. In this local region,
the object entity node is BUDGET and the object list for "budget=1500000.00" is
{[b000011], [b000013]}. The target entity node of this local region is PROJECT and
the target list is {[p00111], [p00222]}.

Table 1 Physical Instances of the Database DEPARTMENT .

DEPT EMPLOY
dept id | location dept id | person id
d 001 Tower d 001 555555550
d 002 Basement d 001 555555551
d 003 A building d 002 555555552

d_002 555555553
d 003 555555554
d 003 555555555




PERSON
person id phone
555555550 | 3434445
555555551 | 3434446
555555552 | 3555555
555555553 | 4555555
555555554 | 5555555

PROJECT

roj id | date

p00111 | 5/6/83

p00211 | 6/7/83
p00222 | 8/7/83

p00257 | 5/3/84

HAS

proj id | bud id

p00111 | b000O11

p00211_| 000012
200222 | b000013

BUDGET

| bud_id

budget

b000011

1500000.00

b000012

1040000.00

000013

1500000.00

b000014

2000000.00

b000015

1800000.00

WORK

rson id

proj id

555555550

p00111

555555551

p00111

555555552

p00211

555555553

p00211

555555554

p00222

43
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ER-semijoin can be implemented on the RDKER (Relational Database with
Knowledge of ERG) by using logical programming on a user’s interface. The follow-
ing rules illustrate an example for the implementation of ER-semijoin by using the
logic programming.

er_semi_join(Ent1,Rel,Ent2,Att1,Att2) —
entity_node(Ent1,K11 key),

entity_node(Ent2,K21 key), abstract name(K11,K1),
abstract_name(K21,K2), rel_res_1(Rel,Att_set,L),
var_list(L.,R2), append([Rel],R2,R1),

R=..R1, att_order(Att_set,K1,01,1),

att_order(Att set,K2,02,1),

findall(Attri,in_key set(R,01,02,Attri,Attl),Att2).

2. EQUIVALENT OPERATION OF QUERY IN ER-SEMIJOIN

The physical instances of a local region must be consistent to the local con-
straint of a local region. The local constraint of a local region is that the projection of
the primary keys of an entity node on the relationship node is the subset of the projec-

tion of those primary keys on the entity node which has the same primary keys.

E, £ oo B , B

Fig. 2 An ERG of a database.

For a local region L;, L; = [E;_y, R;, E;,;] as shown in fig. 2, the physical represen-
tation of the entity nodes and the relationship of L; can be denoted as :
El'—l = r(a(,-_l)l, ceus a(,-_l),,' a(,-_l),' .); k2> 1, 120 (1.0)

Eiq=r@gmnn - Guag, Gastym, )i § 21,m 20 (2.0)

Ri = r(a(i_m. caay a(;_l)k. a(i+1)l' P a(“_l)g, Q15 ey Qi ,...);n =0 (3-0)
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where Ai=1)1s woos B(i=13ks B41)1s o0 B 412k and i1y ey Gy ATE the keys of E(,'_;) E(i+l)’ and R;
respectively. Then the physical instances of L; obeys the constraint
Ty i) S oy, (Eis1) T 40
T (Ri) €70, (Eiy) (5.0
In a query, the attributes whose values are to be retrieved are called target attributes;

the attributes whose domain are restricted are called restricted attributes.

Example 3 : For the database represented by the ERG in fig. 2, let a;, be the pth attri-
bute of the jth relation (an entity node or a relationship node). The following query is
expressed on a universal relation as :

retrieve ay,, , ai,

where a,,, # 3000.00
This query has access path [Ey, R,, ..., E;,1]; the attributes a,,, , a;, are target attributes

and the attribute a,;), is a restricted attribute.

THEOREM 1 : For two conjunt local regions [E;_;, R;, E;41] [E;41, Risas Eis3] Of @ query,
the target list T is the attributes of E;_; to be retrieved and the object list O specifies a
list of the key values of E;,;. Then, the following two procedures on the query pro-

cessing of these local regions are equivalent :

(i). First decompose this segment of the query into two local regions, then imple-

ment ER-semijoin on these two local region sequentially from E;,, to E;_;.

(ii). First apply the natural join operator to all eﬁtity nodes and relationship nodes in
these two local regions and select tuples whose value of restricted attributes is in
the restricted domain, then project target attributes on these tuples.

Proof: By procedure (ii), the processing of the query can be represented as

T = 17, (SU(E; -pRDE; 1 PAE; . pR; (DE; 13))) (6.0)
where & is the operation to select the tuples whose key values of E;,; is in the 0.
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The implementation of natural join on these two contiguous local regions is

equivalent to the following equation :

(Eict MR ME; ) ](E; 41 MR 12 M Ejy3) = (E;y MR; WE; 4 MR 45 ME;3)
From the local constraint of Eq. 4 and 5, the entity node E;,, can be omitted since
there is no effect on the query. That is, the above joining operation on two local region

can be further reduced to: (E;_; X R; XR;,, X E;,;)

Thus, Eq. 6 can be reduced to
T =Ry (8(E;-y X R; MR; 5, XE;,3) (7.0)
By employing the optimizing processing techinique [Ullm1982, Ullm1983], the Eq.7
can be optimized as (1) select the tuples of R;,, whose key values of E;,, are in O then
project on the key values of PK;,;; (1) select the tuples of R; whose key values of E;,;
are in the list obtained from step (1), then project on the key values of PK; ;. The
optimizing operation is the interpretation of ER-semijoin processing of procdure (i).

Thus, (i) and (ii) are the equivalent processing procedures for the query.

Example 4 : As in example 2, we may employ the natural join operator on the rela-
tions PROJECT, HAS, and BUDGET. By using natural join on all of the relations of
the local region [PROJECT, HAS, BUDGET], the intermediate relation is shown in
table 2. By selecting the tuples from this intermediate relation with "budget =
1500000.00" and projecting on "proj_id", the result is equivalent to the implementa-

tion of ER-semijoin on the same local region.

Table 2 The relation of (PROJECT w(HAS X BUDGET)).

proj id date bud id budget

p00111 | 5/6/83 | b000011 | 1500000
p00211 | 6/7/83 | b000012 | 1040000
[ p00222 | 8/7/83 | b000013 | 1500000

DEFINITION 4 : Let D be the representative instance of a database. For a local
region L of D, the full reduction of L relative to D, denoted as FR(L,D), is m;, (D). In
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other words, FR(L,D) is the portion of L that take part in the join with all other rela-

tions in D.

DEFINITION 5 : The full semantic reduction of a local region L is the full reduction
of the local region to its relationship node R denoted as FSR(R,L), is nz (b). In other
words, FSR(R,L) is the portion of R that takes part in the join with the other two entity

nodes in the local region.

By the local constraint of a local region, the full semantic reduction of a local
region with a binary relationship is equivalent to the physical instance of a relation-

ship node.

THEOREM 2 : In an query on an ERG, if a local region which does not contain tar-
get attribute and restricted attribute then the full reduction of this local region can be
reduced to its full semantic reduction.

Proof: It is obvious that the relationship node of the local region contains the keys of
its adjacent entity nodes. From equations 8.0 and 9.0, the projection on one of the keys
of the relationship node is the subset of the projection of that key on the entity node
adjacent to this relationship node. Then, by mathching the key values of the tuples of
relationship node to the key values of entity nodes, the joining of the relationship node
and its adjacent entity nodes in the local region is equivalent to adding the values of
nonkey attributes of a matched tuple of the entity nodes into each corresponding tuple
of the relationship node. Since the local region does not contain the target attribute,
the nonkey attributes of the entity nodes in this local region have nothing to do
with the information to be retrived. Thus we can reduce the full reduction of such a

local region to its full semantic reduction.

A RDKER (Relational Database System with Knowledge of Entity-Relationship
Model) is a relational database whose concept view can be represented by a semantic

structure of an ERG(Entity-Relationship Graph) [Chen1987]. Each RDKER has a
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logical view which is represented as a semantic Entity-Relationship Model and a phy-
sical view that is represented by a set of physical relations(tables). For a RDKER,
there is a function of "one-to-one and onto" mapping between its semantic model and
physical relations. That is, for an entity node or a relationship node in an ERG, there is

a bijective function which maps it to a physical instance.

Example S : The physical representation of the database DEPARTMENT , whose physi-
cal relations [DEPT, EMPLOY, PERSON, WORK, PROJECT, HAS, BUDGET]
represented in table 1, has a semantic view represented by the ERG in fig. 1. It is
obvious that for each entity node or relationship node in this ERG, there is a "one-to-
one and onto" function which maps this entity node or relationship node to the

representative instance of table 1.

3. PHYSICAL REPRESENTATION OF A LOCAL REGION

As discussed in section 2, a RDKER which is not a single entity node should be

able to be decomposed into a set of local regions.

DEFINITION 6 : For a RDKER, each relation of an entity node or a relationship
node of the ERG can be represented as r; ((4;];,[PK,,1;,N; ,B; BP;), where
r; : Physical instance of an entity node or relationship node of ERG.
[4;); : A set of attributes of 7;.
[PK,); : A set of primary keys of r;.
N; : Cardinality or number of tupleé (rows) of the physical instance ;.
B; : Bytes of a tuple of physical space of ;
BP; : Bytes of physical space of each primary key of relation r;.
In a RDKER, the representation of an entity node or a relationship node as
ri([A;);,[PK,];.N;,B; ,BP;) is called the physical denotation of an entity node or a rela-

tionship node of the ERG in a RDKER. An entity node or a relationship of the ERG
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in a RDKER has one and only one physical instance corresponding to it. The physical
denotation of this entity node or relationship node carries the information of the physi-

cal instance of an entity node or relationship node.

Example 6 : For the relation BUDGET as in Table 1, the attribute bud_id is defined as 8
bytes and the attribute budger is defined as 10 bytes. The physical denotation of

BUDGET 1is Budget ([bud_id, budget], [bud _id], 5, 18, 8).

DEFINITION 7 : The physical denotation of a local region [E;_,R;,E;.;] of an ERG in
a RDKER can be represented as [7;_1([A;);—1, [PK,);1Nio1,Bi1,BP; ), 7i([A;);,[PK,,.);,
N;, B;, BP; ),1i (A ;)i [PK )i 41 Nis10141.BPis1)), Where [PKp )i 1,[PK na)isg © [PK )i Let
p(r)exy.: the value set of (PK),., which is obtained from projecting the primary
keys of entity node E;_, on the physical instance of relationship node R;.
p(ri-)ex).: the value set of (PK);,.; which is obtained from projecting the primary
keys of entity node E;_; on the physical instance of entity node E;_;.
p(ri)exy.: the value set of (PK),,; which is obtained from projecting the primary
keys of entity node E;,; on the physical instance of relationship node R;.
P(rindexy.. the value set of (PK);,; which is obtained from projecting the primary

keys of entity node E;,; on the physical instance of entity node E,,;.

The proportion of occurrences of the primary keys of E;_; on R;, denoted as PKO, ;_;, is

7i)PK) | , _
PKO; 1= %' The proportion of occurrences of the primary key of E;,; on
i-1)(PK )iy
1 l (ri ) i+t I
R;, denoted as PKO,; .1y, iS PKO; ;41)= P )px) _
' |p(ris))ex)y.., |

Example 7 : The local region [BUDGET, HAS, PROJECT] is a local region of Table 1.
For the relation PROJECT, the attribute proj id is defined as 8 bytes and the attribute

date is defined as 12 bytes; and for the relation BUDGET, the attributes is defined as in
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example 6. Then the physical denotation of this local region is [Budget
([(bud_id, budget], [bud id], 5,18,8), Has ([bud_id,proj id], [bud_id,proj id], 3, 16,16),

Budget ([proj_id, date], [proj_id], 4, 20, 8)].

LEMMA 1 : The PKO; ;_,y and PKO, ;.1 of a local region [E;_.,R; E;,;] have the pro-

perty that 0< PKO,-'(,'_]);PKO,"(,'H) <1

The PKO, .,y and PKO, ., will be helpful in estimating the occurrences of the
values of the primary keys of the entity node in the physical instance of the relation-
ship node. The maximal possibility of occurrences is that when all values of the pri-
mary keys in the physical instance of an entity node are occurring in the physical
instance of the relationship, which means that the PKO,; of an entity node E; in the
physical instance of a relationship node R, is one. The zero value of PKO, ; means that

the projection of primary key of E; on the physical instance of R, is null.

In the physical instances of a local region [E;_, R;, E;,;] of the ERG in a RDKER,
the frequency of occurrences of E;_; on R;, denoted as ((FR); 4_yy);, is the frequency of
the jth value of the primary keys of entity node E; in the relationship node R;. The
average frequency of occurrences of E;_; on R; is the average of the frequency of

occurrences of the entity node E; on the relationship node, denoted as ((FR); _1ya,

With the proportion of occurrences and the average frequency of an entity node
on a relationship node in a local region, we may estimate the space complexity of the
intermediate table for the operation of natural join in a local region. In the same way,

the space complexity of ER-semijoin can also be obtained.

LEMMA 2 : In the physical instances of a local region [E;_;,R;,E;.,], the average fre-

Z;((FR); -1));

d
N o

quency of entity node E;_; on relationship node R; is ((FR); g-1)a; =
Z,((FR); -1)))

the average frequency of E;,; on R; iS (FR); G41))avg = N
i+l
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Example 8 : As in example 7, ((FR)proecrpias)ag = Zj((FR )prosecrpias)j | Nerosecr =

(A*1+1*14+1*1+41%0)/4 = 3/4=0.75.

LEMMA 3 : The local region [E;_,,R;E;,;] which has the physical denotation as
represented in Lemma 2, then space complexity Sp,, of operating natural join on the
local region (E;_; X (R; XE,,)) is :
Spw=N; *(B; + B;y; - BP;,;))+ Max((N; *(B;_;+B; +B;,y—BP,_;—BP;,;) + Ni_*Bi_y),
(Nis1*Bisy + N; * B)))
where Max is the function of the maximal space complexity, and
Case 1 : which has cardinality M:N between the target entity node E;_; and the object
entity node E;,,, has the property that
N; =((FR); gi-1))avg * Ni

= ((FR )i +1)avg * Nin1
Case II : which has cardinality 1:M between E;_; and E;,, has the properties that
N; =((FR); i+1))avg * Nina

=PKO; ;_1y* Ni

Case III : which has cardinality 1:1 between E;_; and E;,,, has the following properties

1). N; =PKO; ;1) * N;

=PKO; 41y * Nin
(2). N; SN; Ny
Proof :
Case I : (1): From Definition 8 and Lemma 2, the order of the physical instance of the
relationship node R; is N;. The order of the values of the primary keys of E;_; in the
relationship R; is N; = ((FR); i—1))wg * Ni-1; and the order of the values of the primary
keys of E;,; in the relationship R; is N; = ((FR); g41))ag * Nis1- Since the entity node or

relationship node of a RDKER is at least in 3NF [Chen1987], the order of each
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column of R; should be equal. Thus =((FR); -1y)avg * N;i-y and
= ((FR )‘ ,(t+1))avg H-l
(2): The local constraint of a local regions requires that
M Ri) ST, (Einy) (4.0)

nau-x).(Ri) o nau.m(Ei—l) (5'0)
Then from the local constraint of a local region, the order of the intermediate table by

the operation of natural join on a local region should be equal to N;. Since the process-
ing of the operation (E;_{X(R;XE;,,) is processed in two steps as R; XE;,; and
E;_XR; X E,,,, the space complexity is the maximal space of these two steps. That is,
Spw=Max(N; *(B; +B;y;—BP;,;) + (N;*(B;.1+B; +B;y~BP;;—BP;,;) + N,_1*B; ),
(N; *(B; +B;,1,—BP;,;) + N *B, + N, *B)). =N; *(B; +B;,; —BP; )+
Max ((N; *(B;_y +B; + Biy1 — BP;_y — BP;}y) + N;_1*B; 1), (N;s1*B;s1 + N; * B))).

Case 1l :

(1). A local region with the 1:M relationship requires that in the physical instance of
relationship R;, the projection of the primary keys of E;_; on R; may have multiple
occurrences. But by projecting the primary keys of E;,; on the physical instance
of R;, each value must be unique. That is, the average of frequency of the pri-

mary keys of E;,; on the relationship node R; is equal to one.

(2). The estimation of the space complexity can be obtained by the same reason as
Case L

Case III : (1). For the same reason as in the Case II, the frequency of occurrence of
E;_, and E,,, should be equal to one. That is, ((FR); 4-1)) = (FR ); i+1y) = 1.

(2). The estimation of the space complexity can be obtained by the same reasoning as
in (2).

(3). As N;=PKO;;_1y* (FR); 1)) * Niy * Bi_y=PKO; 11y * ((FR); 41)) * Nisa * Bisy, by
substituting the frequency of occurrence into the equation of N;, we get

N = PKO; i (i-1) Ni-—l =PK0,~’(,-+1) * Ni+l' From Lemma 1 for 0 <PKO _1),PK0, (|+l) <
N -—[’AU, (=1 T IV —I'AU,"(,'.H) T INj41. FIOIR LI 1, lUf USFAU; (‘_I)J’AU, (H-l)
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substituting into the previous equation, we get the result N; < N;_,N;,;.

Example 9 : Let the local region [BUDGET, HAS , PROJECT] illustrated in example 8 be

a 1:1 relationship.

(1).

(2).

PKOprosect pas = (1+1+1)/4=0.75
PKOgupcer s =(1+ 1+ 1)/5=0.6
Nuas =PKOprosecr as * Neroreer =0.75* 4
=PKOpypcer nas * Npupeer =0.6* 5=3
Nyas * (Buas +Bgupcer —BPsupcer) = 3* (18 + 16— 8) =78
Nyas * (Buas + Bpupcer + Bprosecr ~BPpupcer = BPprosecty+ Nuas * Buas
=3*(18+16+20-8-8)+4*20=3*%38+80= 194
Naupcer * Bpupoer + Nias * Buas = 5* 18+ 3* 16= 138,
Thus Max ((Nys * (Buas +Bpupcer + Berosecr = BPpupcer = BPprosecty+ Nuas * Bhas)s
(Nsupcer * Beubcer + Nuas * Bhas)) = Max (138, 194) = 194.

S0, Sp,.=78 + 194 =272.

The ER-semijoin processing is based on a local region which represents the

semantic unit of an ERG in a RDKER (Relational Database with Knowledge of ERG).

The local regions of a query are obtained by decomposing a semantic structured

query. The procedures for the processing of a query via ER-semijoin are :

1).
(2).
3).
.

S).

Parsing the syntax and checking the local constraint of the query.
Converting a query into a semantic structured query — ER-query graph.
Converting an ER-query graph into an ER-query tree.

Decomposing an ER-query tree into a local region with a semantic order (the
conjunctive sequence of the local regions of the query which may represent the

access paths of the query).

Processing local regions at inverted semantic order by employing ER-semijoin.
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Steps 1-4 constitutes the query preprocessor based on a RDKER. These can be treated
as higher level steps as compared to step 5 which processes the physical instances. In
other words, the main processing schema which manipulates the operation of physical
instances is the ER-semijoin. As/the overhead of query preprocessing is much lower
than the processing of the physical instances of a database, the time complexity and
space complexity of the query processing of a query on a RDKER can be reduced to
the time complexity and space complexity of ER-semijoin processing on the physical

instances.

4. EFFICIENCY OF THE OPERATION OF ER-SEMILJOIN

The efficiency of time complexity and space complexity of exerting ER-semijoin
on the access paths of a query can be obtained by comparing the time complexity and

space complexity of employing the operator of natural join on the same access paths.

In a local region, if an object list is empty, then the order of the object list is zero.
With zero order of the object list, the order of the target list must be equal to zero. The
zero result of the empty target list can be directly obtained from the operation of ER-

semijoin on the local region.

LEMMA 4 : In a local region with an empty object list, the empty target list will be
obtained by the application of ER-semijoin on the physical instances of the local
region.

Proof : The implementation of ER-semijoin on an empty object list of a local region
[E;1,R;,E; 1], of which E;_, is the target entity node and E;,, is the object entity node,

can be done according to Definition 3 as :
(i). For an empty object list, 0;,; = @.

(ii). Substituting (0,'+1 = @) intO Si = { r; | ( r; ;R‘) A (r" . 0,'.'_1)}

DS ={r, (rncRIA(r cD)}
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= S,' - @.
(iii). Substituting (S; =@) into Q; ={t,, | SS)IA(m #n = 1, #1,)}, we get 0, =D.
(iV). Target list of E, ,T,1==m ku-u(Qi) =T ku-n(g) =0, where k(i—l) is the key of E; ;.

Thus, the operation of ER-semijoin on a local region will yield an empty target

list.

The ER-semijoin can be applied recursively to the set of local regions of a query.
In a recursive implementation of ER-semijoin on the local region of a query, the target
list of a local region becomes the object list of its conjunctive local region which is to
be processed next. Thus, the current target list will only be related to the next rela-
tionship node. That is, the operation of ER-semijoin in a set of local regions, the target

entity Type of the current local region, can always be skipped.

The coefficient of the spatial full semantic reduction of a local region L;,
denoted as m,,, is the ratio of the space complexity obtained by operating ER-
semijoin on the local region to the space complexity acquired by using natural join on

. . S
the same local region. That is, n,, = ; ER

o]

LEMMA § : The local region [E;,R;E;,] has physical denotation [r;_i([A;i);-1,
[PKp1)ic1sNio1Bi1,BP; 1y 1i ([A2)i,[PK )i N B BP; )11 ([A j3)i 41 [PK 3l 15N 415Bi41,BP 1.41)),
order of object list CN,, and order of target list CN,. Then the space complexity of

implementing ER-semijoin in this local region is
Sper = (BP;41 ¥ CN, 1+(B; * N;) + (BP;.; * CN;)

Proof : The space complexity Sp of the operation of ER-semijoin on the local region
[E;_,R; E;.4] is the maximal space complexity for the implementation of ER-semijoin
on this local region. In case of the operation of ER-semijoin on a local region, the
maximal space complexity is equal to the summation of space complexity of object

list, target list, and physical instance of relationship node. Since the space complexity
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of object list is CN, * BP,,; and the space complexity of target list is CN, * BP;_;, we get

SP =(BP,'+1 * CNO) + (B‘ “'N")'*'(BP"_I * CN,)

LEMMA 6 : The range of the coefficient of the full reduction n, is 0<n,, <I.

Proof : The space complexity of employing ER-semijoin on local region with physical
denotation [risi(fAj1di-1s [PK,,1)i-15N;=1,B;-1,BP;_1), r;i([Aj2)i [PK,2);, N, B;, BP;),
7;+1(A;3i+1,[PK n3)i41.Niu1, Bis1,BP;,)] has the worst case space complexity and best case

complexity as :
(i) From Lemma 5§ we get :

Sper = (BPyy * CN YH(B; * N;) + (BP;_y * CN,)
S (BP;y; * PKO; 41y * NiyH(B; * N;) + (BP;_1 * PKO;-1y*N; ). (8.0)
and from Lemma 3 Sp, < N;* (B, +B,+B;,,—BP,;-BP;,;) +

Ni1* By +Nist * Biyg.

Thus Sp<N;* B;_;+N; * B; + N; ;1 * B;y;—N; * BP; y —N; * BP;,; + Ngy.y,*Biyy +
Nguy* Bary. SO, Spy—Speg = Ni*Biy+ N;*Byy—N;*BP,-N;*BP;y -
BP,_ * PKO;i_1y* Ni.y - BPiy* PKOjguy* Niyy. For PKO;_py, PKO;apy <1, the
derivation of Sp,,— Spg; 20 is trivial. The result is equivalent to Sp, 2 Spgz. Then

_ SPer <
SPw

1

(ii). The best case of the space complexity of the operation of ER-semijoin on a
corresponding physical instance of a local region is when the object list
approaches empty. From the Lemma 6 when the object list approaches empty,
the space occupied by the target list approaches zero. Substituting CN, =0 and
CN, =0 into Eq. 8, we get Spg =0 +B; * N; +0. Since the ER-semijoin is an intelli-
gent operator on a local region, when the object list is empty, the operation of
ER-semijoin can skip the join operation to get an empty object list. Thus B; *N ;

= 0. So, the best case of space complexity approaches zero.



57

Example 10 : ER-semijoin is applied on the same local region
[BUDGET, HAS, PROJECT ] as illustrated in example 9. From Table 1, the object list of
this local region is [5000011, 56000012, 5000013, 5000014, 5000015], and CN, =S.

Byas * Nyas =3 * 16=48.

By employing ER-semijoin on this local region, the target list is
[p00111, p00211, p00222]. => CN, =3.

= SPER - CN, *BPPROJECT +NHAS * BHAS + CNo * BPBUDGET = 5* 8 + 3* 16 +3*8 =72

Sammy proposed a matrix representation model to estimate the storage cost on a
distributed database system [Rior1976]. Substituting a single node into Sammy’s
model, the monthly cost of the storage of a single file on a single node can be obtained
as G =b * I, where G is the cost, b is the average cost per bit and 1 is the average
length in bits of file. By converting the cost to CPU time and the starage to retrieval
we get T =C *b * |, where T is the time complexity of retrieval and C is the constant.
For the big memory space complexity, the overhead for the optimization of block
accessing is necessary. Thus, the equation is modified as T =C *b¥ * I, where V is the
exponetial coeffienct and v 21. Considering the time complexity of searching during
the operation of join, the model of correlation equation which estimates the time com-

plexity from the space complexity can be obtained.

Let [E;,,R;,E;,;) be a local region in a RDKER, and [r4(4jiia
[PKp1)ic1oNic1Bi1,BP; 1), 1i([Aj2)i [PK 2 Ni B BP; )y 1341([A3)is1s[PKpa)isiNias s BistsBPiyn)]
be the physical denotation of this local region. Assuming the order of operating
natural join on the local region is E; ;M (R; XE;,;) = E;_;XR,,,. Then the correlated
equation is the expression of the time complexity which correlated to the space com-
plexity on [E;_ R;,E;,], denoted as T,, and T, = C,(B, * N,)’ + C,(B, * N,)" +
T, (R \E;1) + To(R

wmprEi-1), Where C,, and C, is the coefficient of space complexity for
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(R; XE;,) and (R,.,, ME;_;), respectively; v is the correlational coefficient of space com-
plexity and time complexity; N, and N, is the order of the intermediate relation;
T (Reemp E;-1) and T, (R; E;,;) are the time complexity of searching the matching of the

primary keys between relations (R,,,,,.E;;) and (R, E;,,), respectively.

THEOREM 3 : The time complexity of employing natural join on the local region

[E;_1, R;, E;,,] whose physical instances are unsorted is :

(). Time complexity of intermediate relation R,,,, where R,., =(@®;XE;,) is

¢+1+1

Co(N;(B; + B4y — BPiy)) + ( )* Ni,

where the physical denotation of R, IS [Fem, (Aj2li U [4j3]in),

[PK,,1);—1sN;,B;+B;,; — BP; BP;_,),

(ii) Time complexity of (R, XE; ;) is T, = C(N;(B;;+B; + B;y;—BP;_ —BP;,\))" +

N4 +1
2

( )* N;.

(iii). Time complexity of using natural join on local region [E;_,, R;, E;,;] which has

order of operation (E;_; X (R; XE;,,)) is :

|+1

TodEi—1s Ri, Ej1) = (CoN; (B; + Byyy = BPiyy)) + (——5— )* N;)

+(Cy(N;(B;_; +B; +B;,; —BP;_; - BP,+1))"+( )* N). (9.0)

Proof :

(). The intermediate relation R,,, is created during the processing of natural join
operator on R; and E;,;. The attributes of R,,,,, is the union of attributes of physi-
cal instance of R; and the attributes of the physical instances of E;,;, that is, the
set of attributes of R; is [A;,}; U [4;3];,1. After the operation of natural join of R;
with E;,,, R; should join with E;_;. Thus the primary keys of intermediate relation
of R; can be reduced to [PK,, ];_;. As a local region of a RDKER has the property

of local constraint as illustrated in the Eq. 3.0 and Eq. 4.0 :
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nﬂ(lom(Ri) < nﬂu»m(El'-i-l) (4'0)
Ty Riy S T (E;y). (3.0
The operation of natural join operator on R; and E;,;, has equivalence with

natural join expression as

R W E; 1 = T4, U1ARIOR 0 =Einas A yoRiay=Ena) R X S), where ay ..a; € PK; (9.0)
The physical instances of a local region have the property of semantic integrity.
Thus for each value of the primary keys in the physical instance of the relation-
ship node, there is exactly one value in the column of the physical instance of the
related entity node corresponding to it. That is, in the physical instances, the
mapping from the primary key of the relationship node to the same attributes of
its adjacent entity node is a bijective function. Then, the order of the intermedi-
ate relation after the process oz, ,=g,.a, n ..k .a=Ena® X§) is €qual to the order of
R;. After the operation of the cartesian product on R and S, the length of each
tuple of relation obtained from R; XE;,; is B; +B;,;. Since the basic difference
between natural join and equal join is that in the natural join processing one of
the duplicated columns of the intermediate relation are deleted, the duplicated
primary key PK;,, of the primary key of E,,, is deleted after the operation of pro-
jection. Thus, with the subtraction of the duplicated primary key, the length of
the each tuple in intermediate relation is B; + B;,; — BP;,;. For the operation of
natural join on the physical instances of [R, E;,,], the search algorithm is:

procedure search(valuel,value2);
begin |
For each valuel of PX;,, in relationship_node
do find value? in entity_node
where the PK,,, of value2=valuel;

end.
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For each value of PK;,, in the physical instance of R;, the best case to find the
value is 1, and the worst case is N,,;. So, the average time complexity of search-

. . . . N" +1
ing the primary key in E;,, is —=

. Thus T,,= Time complexity of searching +
time complexity of the operation of join. That is

Niyy+1
Too= Co(N;(B; +B;yy —BP; , )" * N; + (—2""'") * N;.

Nig+1
—_— N;.
7NN

= T= Co(N;(B; +B;y1 ~BP;,y))" + (

(ii). The time complexity of T,(R..,ME;_;) can be obtained by the same procedures as
described in the step(i). By substituting the physical denotation of Rr,,,,, into R;
and E,_, into E;,;, via the same induction processes, we may get T,, as:

Niy+1

Ty= Cy(N;(B;1 +B; +B;yy —BP; 1 — BP;_1))" + ( ¥ N;

where C, is the coefficient of space complexity of the operation of natural join on
R.., and E;_;; Vv is the correlation coefficient of space complexity as defined in

the Definition 10.

The correlation coefficient is the coefficient via which the space complexity and
time complexity of the operation of join are correlated. If the time complexity of pro-

cessing join is proportional to the space complexity, then the value of v is equal to 1.

THEOREM 4 : The time complexity of employing natural join on the local region

{E:_1, R;, E;,;] whose physical instances are sorted is :

(i). Time complexity of intermediate relation R where time complexity of the

temp >

creating intermediate relation of Remp =R;_ yXE; 4 is
CoN;i(B; +B;y1 —BP;1)) + (N; +Njyy)
where the physical denotation of R,,, IS  [rem» (Aj2) U A3l

[PK1)i1sNisBi+Biy1 — BP; pp, ),



(i) Time complexity of (Riemp ME;y) is T, =

C{(N;(B;-y+ B; + B,y —BP; 1 — BP; 1))’ * N; +(N; +N,).

(iii). Time complexity of operating natural join on the local region L; where
L; = [E;_y, R; ,E;,;] which has the order of operation (E;_; X (R; XE;,;)) is :
T(E;-1, R, E; 1) = (Co(N;i (B; + Biyy = BPi 1)) + (N; +N;41))

+(C1(N;(B;—1 + B; +Bj4; — BPyyy — BP;_1))" +(N; + N;_y)). (11.0)
Proof : The physical instances of a relation in local region can be stored in a sorted

order of its primary key. For an indexed relation, the pointer can be set up to the
indexed attributes of the relations. Then the joining operation can be implemented
more efficiently during the searching of the tuples in the different relations that are to
be joined. That is, for two sorted relations with order N, and N,, the time complexity
of searching primary keys in both indexed relations is N, +N,. Thus the time com-
plexity of searching primary keys for the natural join operation on the physical
instances of R;, E;,; is N; + N;,;. Substituting the time complexity of sorted relations in
(i) of Theorem 1, we obtain the result as : T(R;, E;,;) = CoN;(B; + B4y —BP; 1))’ +
(N; +N;,1). By the same reason, substituting the time complexity of natural join opera-
tion on the sorted relations, we may get the result is, as in (ii). Then for the natural
join operation on the sorted files of a local region with the processing order as
(E;_1 X (R; XE;,,)), the time complexity is :
TAE;i—, R, Eiiy) = TodEia1s Rigm) + TodR;, Ejyy),
= (Co(N; (B; + B;yy = BP; 1)) + (N; +N;11))

+(Cy(N;(B;_y + B; + B,y — BP;y; — BP;_;)) +(N; + N;_y)).
THEOREM 5§ : local region L; =[E;_,, R;, E;,;] which is a local region in the access

paths of a RDKER. In this local region, the the object entity node is E;,; which has
object list 0;,; with order CN,, and the target entity node is E;_; which has target list
T;_, with order CN,. The time complexity of the operation of ER-semijoin on this local

region of unsorted files is
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CN, +1
Tgr =C, * (BP;1 * CN, +BP;y; * CN, +N; * B;)"+(N;*

) 12)

Proof: Form the definition 3, the processing of ER-semijoin is
(D). S ={rul(rm SR A (rek,.(rm) S Oi11)}

@) T ={tn | (V2,) (@ 1; S 8) A (pg, () = 10)) A (Vi Y@t )t € Tiy ) (1, € Tiy Y(m
#n) = (1, #1,)))} For the processing of ER-semijoin on a local region, the inter-
mediate file to be created is the target list T;_;, and the working memory for the
processing of searching, selection, and projection is the working memory of R;
and the object list 0,,,. Then the space complexity of implementing ER-semijoin
on the local region is T, =C, * (BP;; * CN, + BP;,; * CN, +N; * B;)); and the aver-

CN, +1

age time complexity of the processing (2) is (N;* 5

). Thus by substituting

these terms into the correlation equation of time complexity, the result of Ty, is

CN0+1)

Tegr=C, * (BP;_1* CN, + BP;,; * CN, +N; * B;))" + (N;* )

THEOREM 6 : local region L; =[E;_, R;, E;,;] which is a local region in the access
paths of a RDKER with physical denotation b1 (A 1izts
[PK 1 1)ic1sNi1:Bi-1,BP;_1) 7 ([A2)i IPK 23i Ni B BP; ),Ti 41 ([A 3141, [PK 1y 3] 415N; 415B141,BPian)].
[PK;_,]. In this local region, the object entity node is E;,; which has object list 0;,, with
order CN,, and the target entity node is E;_; which has target list 7;_; with order CN,.
The time complexity of the operation of ER-semijoin on this local region of sorted
files is

Tgg = C,o* (BP;_y * CN, + BP;,y * CN, +B; * N;)'+(N; +CN,) (15.0)
Proof : The only difference of operating ER-semijoin operation on the sorted files is
the time complexity of searching. That is, we substitute the time complexity of search-
ing N; + CN, into the Eq. 13, the time complexity of implementing ER-semijoin on a

local region is TER = Co*(BP.'_] * CN, + BP,-.H * CN, + B; * Ni)v + (N; + CNo ).
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Example 11: The correlational coefficient of the correlation equation is :

_Iog(TN-—Ts)—C,_.
© o log(C, * 1)

where T, is the time complexity of operating natural join on the local region; 7, is the

(16.0)

time complexity of searching the value set of the primary key in the value set of the
primary key of object entity node; C, and C, are constants.

Proof : As the space complexity is a linear function of time, let Sp,,=C, +C;.
for t=0, the space of working memory is 0, i.e. Sp(B)|,.0=C;=0.
=C1=0,=8p,B)=C, * 1t

from the correlation equation, we may get T,,=C,(C, * t + C;)" +T,.

= T—T,)=CyC, * t +Cy).

= log (T~ T,)=1logCy+Vv* log(C, * t +C).

= log (T —T,)=1logCy+ v * log(C, * t).

= log(Tw—-T,)=C, +V * log(C, * t ), where C, = logC,.

= log (T —T,)—logCy=v * log(C, * t ).

_log(T,—T,)-C,
~ logC, +logt

In the physical instances of a RDKER, if the files are indexed, the time complex-

ity of searching is constant. That is, in Eq. 14.0, Ts = constant, and Ts << T,. Then,

logT,,— C’,

Eq. 14.0 can be simplified as v= togi

, Where C’, = C, —vlogC,.

THEOREM 7 Let the coefficient of temporal full semantic reduction of a local region
be vthen 0 <v<l1.
Proof: For the unsorted files the theorem can be derived from the Eq. 9 and 12; for the

sorted files the theorem can be derived from Eq. 11 and 13.



CHAPTER 4
ENTITY-RELATIONSHIP QUERY GRAPH PROCESSING ON
THE RELATIONAL DATABASE SYSTEMS

1. ENTITY-RELATIONSHIP GRAPH AND ENTITY-RELATIONSHIP
QUERY GRAPH

An ERG can be represented either by a single entity node or by local regions. For
an ERG which is not a single entity node, it should be able to be represented as a set of
local regions [Chen1987b]. The "local region" is the semantic unit of a semantically
clear ERM. Each local region in an ERM contains a pair of entity types and a relation-
ship type that connects these entity types. Such a semantically clear ERM which
represents the semantic structure of a relational database can be further defined by an
implementation model represented as an ERG (Entity-Relationship Graph). By using
an ERG as the semantic structure of a RDKER, the accessing direction of a query on the
database can be represented in the subgraph which is obtained by mapping a query
onto an ERG. Then by adding the relational operators of the query to the subgraph, an
ERQG can be obtained. In other words, a query can be represented by an ERQG (ER-
query Graph) which consists of a subgraph of ERG and the relational operators of a
query. Besides on a global accessing interface of a database (e.g. on a universal rela-
tion interface), a query can be processed with the aid of the ERG according to the fol-
lowing steps : (i) Allocating of subnodes (attributes) (ii) Obtaining an ERQG from sub-
nodes and ERG (iii) Processing of a query based on the ERQG . These subnodes, main-
nodes, and the allocation of subnode and main-nodes of an ERG will be discussed in

this section.
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1.1. DEFINITIONS OF ERG AND ERQG

Since an ERG is an implementation model which is derived from an ERM, it
inherits the semantics of an ERM defined on a relational database. Like an ERM, it
may have many different abstract levels [Chen1983], and likewise an ERG may con-
tain several abstract levels. In this chapter, only the basic level of the implementation
model of an ERG will be discussed. A basic level of an ERG is designed such that each
entity node or relationship node of the graph are connected to the attribute nodes of
that node. For our convenience, we use ERG to represent the graph of the basic level

of a RDKER.

An ERG is defined as an extended ERD [Chen1987b]. In an ERG, each pair of
entity nodes and the relationship nodes that connects them is defined as a local region.
In the previous chapter, we concern only entity nodes and relationship nodes and the
arcs connects these nodes. Now, we want to discuss attributes nodes connects to
entity nodes and relationship nodes. For this purpose, the entity nodes and relationship
nodes of an ERG are called main-nodes and the arcs connects them are called main-

arcs.

In an ERG, there are two types of nodes: main-node and subnode and there are
two types of arcs: main-arc and sub-arc. A main-node is an entity node or a relation-
ship node and a subnode is a node which represents an attribute of an entity node or a
relationship node. A main arc is the arc in the ERG whose two end nodes are main-
nodes; a sub-arc is an arc in the ERG that one of the end nodes of the arc is a main-
node and the other end node is the subnode. An unit graph U of an ERG which is not
a single entity type is the graph representation of a local region. The unit graph U =
le.; rj, e, ARC;,ARCy, {ay,.... a3}, {aj1..., an}, {ar1...s &}, {din.... di}s
{dj1,.... dpn}; {d1s. ... di, }, Ci, Ci] Of a local region L is a labeled graph which con-

sists of three main-nodes, two main arcs, three sets of subnodes and three sets of sub-
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arcs; where ¢; and ¢, are the main-node of entity type, r; is the main-node of relation-
ship type; {a,,...., a,,} is a set of ¢ subnodes of attributes of the main-node ¢, or 7,;
{d,;,..., d,} is a set of s sub-arcs and both of the two end nodes of each sub-arc 4,
are the main-node ¢, or r, and the subnode a,; ARC;; and ARC;, are the main-arcs with
two end nodes <e;, ;> and <e,, r; > respectively; C; and C; are the cardinality of e; and

e, that are labeled on the arc ARC;; and ARC;, separately, and C;, C, € {1,M,N}.

Fig. 1 The ERG of the relational database UNIVERSITY.

Example 1 : Fig. 1 is an ERG for the relational database system UNIVERSITY. The

figure shows two types of main-nodes : entity type based main-node and relationship
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type based main-nodes. The main-nodes {UNIVERSITY, COLLEGE, DEPT,
FACULTY, COURSE, STUDENT} are main-nodes of entity types. Those {HAS,
CONTAIN, EMPLOY, TEACH, TAKE, RUN, MAJOR} are the main-nodes of rela-
tionship types. The subnodes are {u_name, ¢c_name, location, dept_id, f name, s.s#,
time, co_id, stu_id, dc_time}. In the ERG of the UNIVERSITY, the nodes of ellipse
are the subnodes; the nodes of rectangle are the entity type based main-node; the

nodes of the thombus are the relationship type base main-node.

Two local regions are said to be conjunct if they have the common main-nodes.
The conjunction of two local region L, and L, are the common main-nodes of these
local regions, denoted as L, © L,, where © is the operator of conjunction. For exam-
ple, as shown in fig. 1, [DEPT, EMPLOY, FACULTY] © [DEPT, RUN, COURSE] =
{DEPT}; [UNIVERSITY, HAS, COLLEGE] © [COURSE, TAKE, STUDENT] = &.

A NJ query (Natural Join Query) on a relational schema may calculate the
natural join of all relations in derived database [Chu1981, Shmu1982, Shmu1981]. As
discussed by Goodman, queries which may be represented by tree schemas are easier
to be processed than those cyclic queries. An acyclic query can be either converted to
the tree schema and processed by the semijoin or directly processed by joining the
relations in the acyclic graph into a new relation [Kamb1985b, Shmul981,

Shmu1982].

In a RDKER, the logic structure of the relational database is represented by an
ERG. A NJ query on a relational database based on an ERG can be represented by a
subgraph of ERG . For a NJ query with acyclic structure, ER-semijoin can be employed
to processed it. The processing of acyclic subgraphs of a NJ query will be studied in
this chapter. A NJ query based on an ERG can be viewed as a relation with natural

join operator between relations represented as entity node or relationship node.
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DEFINITION 1 A unit query graph UQ is a unit graph with the relational operators
on the main-nodes such that UQ; = [e;, r;, e, ARC;;, ARCjy, {a;1, ..., au}, {aj0 .- -1 @jm 3,
{a.ovan s {dis .o g}, {djn ..o di ) {dis .4 di ), iy Cru L, Ly, Ly s Where ¢ and
e, are the main-node of entity type, r; is the main-node of relationship type;
{a,5.....a,,} is a set of ¢ subnodes of attributes of the main-node ¢, or r,;
{d,1,..., d,} is a set of s sub-arcs and both of the two end nodes of each sub-arc 4,
are the main-node ¢, or r, and the subnode a,; ARC;; and ARC;, are the main-arcs with
two end nodes <e;, r; > and <e,, r; > respectively; C; and C, are the cardinality of ¢; and
e that are labeled on the arc ARC;; and ARC,, separately, and C;,C, € {1, M,N}; L;, L;,
L, are relational operators on the main-nodes i, j, and k respectively and L;, L;, L, €
{A, v, m, X, —, ©} which are operators of relational algebra that represent and (inter-
section), or (union), negation, cartesian product, difference, and exclusive or respec-
tively.

A query may have sub-queries which contain two derived relations which are
represented by NJ queries In other words, by representing a NJ query as a subgraph of
ERG, a query may have subgraphs such that a subgraph of a query may contain two

subgraphs with relational operators between these two subgraphs.

DEFINITION 2 A NJERQG (Natural Join Entity-Relationship Query Graph) is a
query graph (i) which contains a connected graph such that the natural join operator is
to be employed on all the main-nodes of the graph, (ii) which can be represented by a
sequence of unit query graphs. .

Query processing of a NJ query and equijoin query can be processed by semijoin
[Kamb1985b, Shmu1981, Shmu1982]. In this chapter, we extended the function of
the query processing such that queries which can be represented by NJ queries with
relational operators between them can be processed by the optimizing technique dis-

cussed in this chapter. We also assume that the relational database is based on an ERG
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[Chen1987b]. Those queries which satisfy these limitations can be represented by an

ERQG which is defined in the following definition.

DEFINITION 3 An ERQG (Entity-Relationship Query Graph) of a query on a

RDKER is a query graph such that it can be represented as
(1) ANIERQG (Natural Join Entity-Relationship Query Graph), or
(2) A query graph which contains a relational operator between two NJERQGs, or

(3) A nested query graph which contains a relational operator between two nested
query graphs (a query graph which contains a relational operator between two
NJERQG:s is a nested query graph).

Thus, an ERQG can be represented as a query graph based on an ERG which con-
tains a sequence of unit query graphs and a precedence order between unit query
graphs such that (i) the innerest pair of parenthesis specifies a subgraph of natural join
(ii) the relational operator between two subgraphs specifies the relational operator

between two subgraphs.
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@ COURSE @» FACULTY

Fig. 2.2

(6 )—<ET D>

Fig. 2.b

name=
COURSE 4@» FACULTY Tame=

Fig. 2.c

Fig.2 An ERQG on the ERG UNIVERSITY.

The trivial case of an ERG contains only a main-node. We now discuss the ERG
and ERQG, which is not a trivial case and that is composed of more than one main-
node. A walk of an ERQG is a finite nonempty sequence W =vydgvidivs *** dpotyaVas
where v; is a main-node of ERQG and d;; is a main-arc of ERQG with two main-node v;
and v;. If all of the arcs of the walk W are distinct, then this walk is a trail. For a trail

W of ERQG, if all of the nodes of W are distinct, W is called a path [Thul1981].

Two main-nodes v; and v, in an ERG are said to be connected if there is at least a
path from v, to v, or from v, to v;. The set of main-nodes in the path which connects
two main-nodes is called connecting nodes. For example, the path v, d,, v, d,, v; dy V.
d,, v, connects the main-nodes v, and v,, the set {v, v, v, v, v,} is the connecting nodes
for the main-nodes v, and v,. If all pairs of nodes of a graph are connected, then such
a graph is called a connected graph. An ERG is a connected graph. That is, each pair

of nodes in an ERG should be connected. A cycle of an ERG is a path whose start

&
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node and end node is the same.

A query interface on a relational database can be categorized into two types as
CLNI (conceptual level navigating interface) and URI (universal relation interface).
For a query on a CLNI interface, the user has to navigate the conceptual level of the
relation database; for a query on a URI, the user does not need to navigate the concep-
tual level of the relational database. Most of the query language on a relational data-
base such as QUEL and SQL are conceptual level navigating interface; while the
query language designed on the System/U is a universal relation interface. The alloca-
tion of a ERQG from a query on a relational database is based on the type of the query

interface.

In an ERQG, the subnodes whose information are to be retrieved are called
retrieval subnodes, and the main-nodes that adjacent to the retrieval subnodes are
called retrieval main-nodes; the subnodes which restrict the domain of the retrieval
subnodes are called restricted subnodes, and the main-nodes that are adjacent to the

restricted subnodes are called the restricted main-nodes.

In a CLNI, the target part of an ERQG (TERQG) contains retrieval subnodes and
the main-nodes which are in the navigating path of the query; the restriction part of an
ERQG (RERQG) contains the restricted subnodes and the main-nodes of the navigat-

ing paths that do not contain the arcs of the target part.

Example 2 : A query of SQL on the relational database UNIVERSITY of fig. 1is :
SELECT c¢_name, dept_id, location
FROM COLLEGE, CONTAIN, DEPT
WHERE COLLEGE.c_name = CONTAIN.c_name
AND CONTAIN.dept_id=DEPT.dept_id
The target part of this NJ query is specified in the query and which is represented as
COLLEGE, CONTAIN, DEPT. The restriction part of this query is empty.
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Example 3 : The ERGG of the query "Find the dc_time of the courses that are taught
by the faculty with name = ’James’ " on UNIVERSITY of fig.1 is represented in the
fig. 2.a. This ERQG can be decomposed into a target part represented in the fig. 2.b

and a restriction part represented in the fig. 2.c.

1.2. AUTOMATIC ALLOCATION OF ERQG ON A UNIVERSAL RELATION

By using ERG as the semantic structure of a relational database, the ERQG can be
allocated on a universal relation. The traditional universal relation approach always
use the functional dependency to obtain the access paths of a query on a universal
relation [Sagil983, Ullm1983]. The allocation of an ERQG on a universal relation by

the ERG approach does not have to use the functional dependency between attribute.

Any subode of the ERQG that represents the target attribute of a query is a target
subnode. In an ERQG, if a subnode specifies the domain of the value of an attribute in
a query, then this subnode is defined as a restricted subnode; the main-node that

directly connected to the restricted subnode is the restricted main-node.

Example 3 : The following query Q is based on a Universal Relation interface on the
relational database UNIVERSITY represented in fig. 1 :
Q: retrieve u_name, c_name
where s.s.# = 45678912345’
In the query @, the subnodes are u_name, c_name, and ss.#. where u_name and
¢_name are target subnodes and s.s# is a restricted subnode. Thus the main-nodes
UNIVERSITY and COLLEGE are target nodes; the main-node FACULTY is a res-

tricted main-node.

DEFINITION 4 : Let TN, be the set of target subnodes of a ERQG on an universal
relation based on an ERG such that TN, = {a;,..., 4, }. The target part of the ERQG

(TERQG) contains TN, and the target main-nodes, where the target 1. ain-node« of the
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query is equivalent to 7, U T, U T,, in which T,, T,, and T, are defined as follows :

(1). T, ={e; | (3a;)(a; € TNy) A (a; € {a;1,..., ai, })); Where {a,-;. ..., G;, } 18 the set of
subnodes of the entity type main-node ¢; }.

(2). T, ={r | Qa,)(a, € TNy) A (g, € {a1,..., ay,})); Where {a;,..., a),} is the set of
subnodes of the relationship type main-node r, }.

(3). T, which contains all nodes in {P; | (P; = {v,,...,v...,v,}), Where

v, v, € (T, UT,)) and P; representing connecting nodes from v, tov, }.

DEFINITION 5 : Let RN,, be the set of restricted subnodes of an ERQG on a universal
relation based on an ERG such that RN, = {a;,..., q,}. The restriction part of the
ERQG (RERQG) contains RN, and the restriction main-nodes, where the restriction
main-nodes of the query is equivalent to R, U R,UR (v,), in which R,, R,, and R(v,) are

defined as follows :

(1). R, ={e; | 3a;)(a; € RNp) A (a; € {a1..., ay,})); where {a,, ..., a,} is the set of

subnodes of the entity type main-node ¢, }

(). R, ={r, | (a,)(a, € RNp) A (a, € {a,...., ay})); Where {a,,,..., a,} is the set

of subnodes of the relationship type main-node r, }.

(3)' R(ve) = {P(V‘ )i I (P (ve )i = {V_‘., vg’ e Ve })’ Where ((V_‘. € (Re URr)) A
(v, e (T, UT, UTp)) A (v, e (T, VT, UT,))) A
(Va4 € (5, Vgy o VIV #£V,) > (v, € (T, UT, UT,)))); P; is the connecting nodes

fromv, tov,}.

For any nonempty subgraph of a RERQG, the intersection of this subgraph with
the TERQG is a nonempty set of main-nodes which is a subset of T, T, uT,. The
degree of a node of an ERQG is given by the number of main-arcs that are incident at
that node. For the convenience of query processing, we assign the direction of the pro-

cessing order to an RERQG. A path of a RERQG is a directed graph from the restricted
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main-node to the target main-node. The in-degree of a node of RERQG is the number
of main-arcs that have this node as head. The out-degree of a node of RERQG is the

number of main-arcs that have this node as tail.

The ERG F is called a subgraph of the ERG G denoted as F ¢ G, if every node of
F (main-node or subnode) is also a main-node of G and every arc of F (main-arc or
subarc) is also an arc of G. An RERQG can be decomposed into a set of connected
subgraphs, such that each subgraph contains just one restricted main-node. Thus a
RERQG is the union of its subgraphs SRERQG (subgraph of restriction part of ER-query
Graph) that may be denoted as RERQG =, SRERQG;. A RERQG does not have to be a

connected graph, but each SRERQG; of RERQG should be a connected graph.

Then, for a SRERQG , we define the start node of the the SRERQG as the restricted
main-node in the SRERQG ; The end node of a main-node in a SRERQG is defined as a
the target main-node of the SRERQG. From (3) of definition 5 we know that for each
SREQG, the only main-node in the target part is the end node of the SRERQG. The
sequence of query processing of a SRERQG starts from the start node to the end node

of the SRERQG .
The ring sum of two query graphs ERQG, and ERQG, denoted as ERQG ® ERQG,,

which does not have any isolated node and consists of only those arcs which are either

in ERQG, or in ERQG, but not in both of them.

THEOREM 1 : Let © be the operator of ring sum, ERQG, be an ER-query Graph, and
TERQG, and RERQG, be the subgraphs of target part and restriction part of ERQG,
respectively. Then (TERQG, ® RERQG,) = (TERQG, v RERQG,)

Proof: Let TERQG, = {<lmnpe, Ligrgs,>1> - <hergc, Liergs,>s} and RERQG, =
{ <lrerge,Lrergs,>1» ++> <lrerge,-Lrerge,>:}. From (3) of Definition 3, we get (Viggrgg,)
(Irergo, € TERQG,)

= (TERQG, ® RERQG,) = (TERQG, U RERQG,).
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By representing an ERQG as TERQG U RERQG, the query of these ERQG can be
processed in two steps as : (i) processing the RERQG (ii) processing the TERQG. And
the query processing of an ERQG should starts from the start nodes of SRERQGs and

end at end nodes.

2. STRUCTURE OF ERQG

The processing of an acyclic query graph has more advantage than the process-
ing of a cyclic query graph, thus the conversion of a cyclic query graph to the tree
structure is widely studied [Epst1982, Shmu1981]. For the convenience of the query
processing, we assigned the direction of processing order to the ERQG. As an ERQG
represents a subgraph of an ERG, if the subgraph of the ERG represented by an ERQG
which has a path that starts from a main-node and ends at the same main-node then
the ERQG is a cyclic query graph. The representation of a query by an ERQG is dif-
ferent from that by a query graph in a traditional relational database. An ERQG is
represented by a set of local regions and it can always be processed by the ER-
semijoin based on the ERG, which is not applicable on the traditional relational data-

base.

An ERQG can be either a cyclic graph or an acyclic graph. To process an acyclic
graph efficiently, the query graph is always decomposed into a set of local regions so
that we may use optimizing operator - ER-semijoin to process it. For a cyclic graph
whose restriction part is an acyclic graph, ER-semijoin can also be used to process this
restriction part. In this section we will discuss the structure of an ERQG based on the

structure of the target part and the restriction part of the ERQG .

In the query processing of a ERQG, a subnode which is not a restricted subnode,
target subnode, or a prime ( key attribute) is called a redundant subnode . In other

words, during the query processing of an ERQG, we may neglect these redundant sub-
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nodes. A main-node of entity type of an ERQG which is not a restricted main-node
and such that it can also be neglected in the query processing is called a redundant

main-node.

Thus an ERQG with nonempty RERQG can be processed in the order as (i) convert
the cyclic subgraphs of the restriction part to the tree structures (if it is available) (ii)
process of the restriction part (ii) process of the target part. For the processing of a
restriction part which contains » disjunct subgraphs, each subgraph can be processed
independently as in steps (i) and (ii). In the following sections, the categories of a
ERQG and the conversion of subgraphs of restriction part to a tree structure is dis-

cussed.

2.1. CATEGORIES OF ERQG

Since several relational query interfaces may be built on the top of a relational
database system [Li1984], the user may access a database system through any inter-
face built on the system. The representation of a query by an ERQG helps the process-
ing of the query on this system in a unique way, i.e. the processing of a query can be
reduced to the processing of an ERQG on any interface of a database system with mul-

tiple interfaces.

A cyclic subgraph of a RERQG may always be converted to a tree structure and
which can be decomposed into a set of local regions. Thus for a subgraph of a RERQG
which is either an acyclic graph or one that can be converted to an acyclic graph, we

may use ER-semijoin to process this subgraph [Chen1987a].

As discussed in the previous section, an ERQG which is based on an ERG can be
decomposed into of TERQG and of RERQG , these TERQG and RERQG can be either a
cyclic graph or an acyclic graph. Thus an ERQG can be grouped as : cyclic ERQG and

acyclic ERQG. According to the structures of the TERQG and RERQG, an ERQG can
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further be grouped into the following five types:

Type 1 : Linear structure of an ERQG : both TERQG and RERQG of an ERQG are linear

structure.

Example 4 : The main-nodes of an ERG is shown in fig. 3, let g; be the pth subnode of
the main-node »,. The query Q, is expressed in the query language for the universal

relation as :

Q.. retrieve a, a,,

where a, ='VALUE ...

The ERQG representation of the query Q, is a linear structure.
Type I : Tree structure of an ERQG : The structure of an ERQG is an acyclic graph.

Example 5 : The main-nodes of an ERG is shown in fig. 3, let o, and g; be the pth sub-
node of main-node r, and the ¢th subnode of r; respectively. The query Q, is

expressed in the query language for the universal relation as :

Q, retrieve a,,a,,a,,

'y

where a, = (VALUE -+ ’)v(a, ='VALUE --- ).

Both the TERQG and RERQG of the ERQG of Q, are tree structures.

The ERQG s of Type I and Type II are acyclic graphs.
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© ©

Fig. 3 An cyclic ERQG where only RERQG or TERQG is cyclic.
Type III : Only RERQG is a cyclic graph.
Example 6 : The main-nodes of an ERG is shown in fig. 3. Let a,, q;, and ¢, be the
pth subnode of main-node r,, the ¢th subnode of main-node r,, and the g th subnode of
r; respectively. The query Q, is expressed in the query language for the universal
relation as :
Q,. retrieve a,,a,,
where (a;,=‘VALUE - ') A(a; ='VALUE --- ).
The ERQG of the query Q; shows that only the RERQG of this ERQG is a cyclic

graph.
Type IV : Only TERQG is a cyclic graph.

Example 7 : The main-nodes of an ERG is shown in fig. 3. Let q,, 4, , and a; be the

pth subnode of main-node r,, the ¢th subnode of main-node r,, and the gth subnode of
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r; respectively. The query Q, is expressed in the query language for the universal

relation as ;

Q4 retrieve a;,a,,
where (a,,='VALUE --- ") A(a,,='VALUE --- ).
For the ERQG of this query, the TERQG of this ERQG is a cyclic graph while the

RERQG of the ERQG is an acyclic graph.
Type V : Both TERQG and RERQG are cyclic graphs.

Example 8 : The main-nodes of an ERG is shown in fig. 3. Let a,, 4, g; , and a;, be
the pth subnode of main-node r,, the ¢th subnode of main-node r,, the wth subnode of
main-node 7;, and the gth subnode of ; respectively. The query graph 0, is expressed

in the query language of the universal relation as :

Qs: retrieve a; \q,

where (a;,='VALUE - ")v (a, ='VALUE --- ') v(a;,='VALUE ---").

In Q;, both the TERQG and the RERQG of the ERQG are cyclic graphs.

2.2. BRANCHING AND MERGING ON A RERQG

Comparing a cyclic query graph with a query tree, the query processing on the
query tree has more advantages than the query processing on the cyclic graph: (1) The
query graph can be decomposed into segments of subgraph, then we can employ semi-
join [Yul984], ER-semijoin [Chen1987a] and etc. on the physical instances of the
subgraph. For a cyclic graph, we have to use join operator on the representative
instances of the cyclic graph, such a processing procedure takes more time and more
physical space than the the query processing on the decomposed segments (2) In a
distributed database system, the decompositicn of a cyclic query into segments can

reduce the size of the transactions among distributed nodes [Kamb1985b].
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DEFINITION 6 : Two queries are said to be semantically equivalent if both of them
will produce the same result under the processing rules that are applied on their physi-
cal instances. Two ERQGs are said to be equivalent if both of them represent two

semantically equivalent queries.

A main-node whose out-degree is greater than or equal to two is called a
branching node (as fig. 4.2). A main-node whose in-degree is greater than or equal to
two is called a merging node (as fig. 4.b). A main-node can be a merging node for a
set of arcs and be a branching node for another set of arcs (as fig. 4.c). The loop of an
arc on a main-node is not allowed, i.e., a main-node cannot be a merging node and a

branching node of an arc.

A branching arc is an arc that has a branching node as its tail, the head of this
branching arc is the branching head; a merging arc is an arc that has a merging node
as its head, the tail of this merging arc is the merging tail. The merging of two merg-

ing arcs of a merging node is the unification of the semantics of two merging arc.

The order of a branching node is the out-degree of that branching node, and the
order of a merging node is the in-degree of that merging node. For a branching node
with n branching arcs, the order of this node is n, and this node is a n-ary branching
node. In the same way, for a merging node with » merging arcs, the order of this node
is an n-ary merging node. An n-ary branching node may have another role as an m-
ary merging node. For example, the node B, in fig. 4.c is a branching node with order

2 and a merging node with order 2.
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Fig. 4.a A branching node of RERQG.

Fig. 4.b A merging node of RERQG.

/N

Fig. 4.c A node which is a merging node and a braniching node of RERQG .

Fig. 4 A subgraph of a RERQG with branching node and merging node.

2.3. MERGING ARCS ON A MERGING NODE

Two merging arcs with same head may be merged to a new arc. The head of this
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new arc is the original merging head and the tail of this new arc is obtained by apply-

ing the relational operators on the physical instances of these two merging tails.

DEFINITION 7 : For arcs ARC,, and ARC,, (where p, q are the tails of merging arc

ARC,, and ARC,, respectively; h is the head of these two merging arcs and h is an

entity main-node), the operators which represent the merging of these two arcs are

defined as follows : denoted as

1).

).

3).

@.

Union (logical OR) : (ARC,, UARC,, —> ARC,,) A (r, ur, —1,); where ARC,, is
the new arc with tail ¢; r, and r, are the physical instances that contain only
values of key attributes which are common key attribute of the main-node p and
q; r, represent the derived relation [Date1983] obtained from processing the
operator on r, and r,. This derived relation corresponds to a new node that is the
tail of the arc ARC,. The union operator (U) in the ERQG is mapped to the physi-
cal instances on which the operator (U) of the relational algebra can be applied.
Intersection (Logical AND) : (ARC,, NARC,, — ARC,,) A (r, N1y —7,); where
ARCy, ARCyy, ARCyyy 1y, 1,07, P 4, and g are the same with (1). The intersection
operator (M) in the ERQG should be mapped to the physical instances on which
the operator (M) of the relational algebra can be applied.

Difference : (ARC,; ~ ARC,, —> ARCy,) A (r, — 1, - 1,) where ARC,;, ARCy,, ARC,,
Tgs Tpolqs Ps 4, and g are the same with (1); The difference operator (-) in the
ERQG should be mapped to the physical instances on which the operator (—) of

the relational algebra can be applied.

Cartesian Product : (ARC,, XARC,, —> ARC,,) A (r, xr, —>r,). where ARC,,

ARCy, ARCyy, 1,, p, q, and g are the same with (1); r, and r, are the physical

Tp q
instances of the main-node p and ¢ respectively. The cartesian operator (X) in
the ERQG should be mapped to the physical instances on which the operator (X)

of the relational algebra can be applied.
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(6).

.

(8).
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Join (ARC,, join ARCy, — ARCy) A (r, Wr, —r,); where ARC,,, ARCyy, ARCyy, 1y,

p, g, and g are the same with (1); r, and r, are the physical instances of the
main-node p and ¢ respectively. The join operator (x) in the ERQG should be
mapped to the physical instances on which the operator (x) of the relational alge-

bra can be applied.

Negation (- ARC,, —$ARC3,,) A (= r, or,); where ARC,, ARC,, 1., p, and g are
the same with (1). r, is the physical instances of the main-node p. The negation
operator (—) in the ERQG should be mapped to the physical instances on which

the operator (—) of the relational algebra can be applied.

Exclusive-OR (ARC,, 8 ARC,, — ARC,) A (r, ©r, > r,); Where ARC,,, ARC,,,
ARCyy, 1o, 75574, P, 4, and g are the same with (1). The Exclusive-OR operator
(®) in the ERQG should be mapped to the physical instances on which the opera-
tor (®) of the relational algebra can be applied. The operation of this operator on
the physical instances can be represented by an equation which is relevant to the
union, intersection, and difference operator as : (r, 8r,) = (r, Ur,) = (r, N 1,).

Division (ARC,, + ARC,, —> ARCy,) A (r, +1, —r,). where ARC,,, ARC,,, ARC,,, 1y,
P, 4, and g are the same with (1); r, and r, are the physical instances of the
main-node p and ¢ respectively. The division operator (+) in the ERQG should
be mapped to the physical instances on which the division operator (+) of the

relational algebra can be applied.

Example 9 : For the relational database system UNIVERSITY as represented in ERG of

the fig. 1, the following queries have the same access paths but different operator

representation on the merging node DEPT :

(0.

Find the dept_id of the DEPT that RUN the COURSE and that EMPLOY the
FACULTY who TEACH the same COURSE with course_id = ’csc4354’. This query

has the relational operator representation "N" on the merging node DEPT.
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(ii). Find the dept_id of the DEPT thac RUN the COURSE or that EMPLOY the FACULTY
who TEACH the same COURSE with course_id = ’csc4354’. This query has the

relational operator representation "U" on the merging node DEPT.

(ii1). -Find the dept_id of the DEPT that RUN the COURSE and that does not EMPLOY the
FACULTY who TEACH the same COURSE with course_id = "csc4354’. This query

has the relational operator representation "—~" on the merging node DEPT.

The merging of arcs on a merging node depends on the relational operator
representation of that merging node. The application of these operators (Union, Inter-
section , Difference, Cartesian product, Join, Exclusive—OR , Division) to merge the arcs of a
merging node of an ERQG is equivalent to the implementation of these operators on

the corresponding physical instances of the merging tails of these arcs.

24. DECOMPOSITION OF BRANCHING ARC AND BRANCHING NODE

A branching node with order n can be decomposed into n separate arcs with
separate tails. The decomposition of a branching node depends on the semantic
representation of that node. The decomposition of a branching node can be categor-
ized as the decomposition of the branching node of entity type and the decomposition

of the branching node of the relationship type.

person_id

person_id
book id

book_id

book_id
title
year

Fig. 5 The ERG of the RDKER LIBRARY.

The decomposition of a branching node or the breaking up of a branching arc
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will convert a cyclic query graph into a tree structure [Shmu1981]. Many different
techniques for the conversion of a cyclic query graph to a query tree on a relational
database system are proposed [Epst1982, Shmul981, Kamb1985a, Shmu1982]. The
conversion of cyclic subgraphs of an ERQG to tree structures in a RDKER is different
from the conversion of a cyclic query graph to a query tree in a traditional relational
database system. The difference between a cyclic ERQG of a RDKER and a cyclic

query graph of a traditional relational database system is illustrated by the Example
10.

The conversion of cyclic graph to a query tree in the traditional relational data-
base system does not have to consider the semantic representation of relations. That is,
a traditional relational database system always uses the data definition on the attri-
butes and the functional dependency among attributes to recognize a relation and the
relationship between relations. In a RDKER (Relational Database with Knowledge of
ERG), we use the semantic representation of a relation in a local region to recognize a

relation.

Example 10 : In the relational database as represented in the fig. 5, the relationship
types BORROW (person_id, book_id) and WRITE(person_id, book id) contain the
same set of attributes. In this case, we can not distinguish these two relationship types
by just looking into the data definition of the set of the attributes of these two relation-
ship types. Concerning to the semantic representation in the ERG, these fwo relation-
ship types have different semantics which »represent WRITE and BORROW

separately.

A relational database system, which is based on the semantics of its ERG, is dif-
ferent from traditional relational database system. Thus the technique for the mapping
of cyclic subgraphs of restriction part of an ERQG to tree structures is different from

the mapping techniques that is applicable to the traditional relational database system
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2.4.1. AN ENTITY-TYPE BASED BRANCHING NODE

For a cyclic query graph, the decomposition of a branching node will convert a
cyclic subgraph to a tree structure [Epst1982]. As discussed in the previous section
that a cyclic ERQG of a RDKER has a semantic representation, thus the decomposition
of a branching node of subgraphs an ERQG to a tree structure is equivalent to the

semantic decomposition of that branching node.

An old arc of a branching node is a branching arc before the decomposition rule
is applied. A new arc of a decomposed branching node represents a new arc obtained

from the decomposition of a branching arc on that branching node.

An n-ary branching node can be decomposed into n arcs by the following

decomposition rule :

(i). Decomposition of an n-ary branching node of a relationship type:
An n-ary branching node of a relationship type can be decomposed into n arcs.
The head of these new arcs are the original heads of the old arcs; the tail of each
new arc is obtained by projecting the key attributes of the head on the physical

instance of the branching node.

(ii). Decomposition of an n-ary branching node of an entity type:
An n-ary branching node of an entity type can be decomposed into n arcs. The
head of these new arcs are the original heads of the arcs; the tails of each new arc
is obtained by projecting the primary keys of the branching node on the physical

instance of that branching node.

Example 11 : The database UNIVERSITY is shown in fig. 5. On this database, the
query " find person_id, where year > 1980 " can be mapped onto the database such

that it can be represented by an ERQG as in fig. 5. Since the main-node BOOK is a
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branching node with order 2, this query graph can be decomposed into ERQG as

shown in fig. 6 according to the decomposition rule.

person_id
book_id

Fig. 6 The decomposition of the branching node BOOK .

From the local constraint of a local region, and the decomposition rule on a

branching node of an entity type, the following two procedures for the processing on a

branching node are equivalent:

(1).

(2).

Directly join the physical instances of old arcs of branching node by steps as:
(i) join the physical instances of the end nodes of each old arc on the branching
node, (ii) project on the key attributes of the head of the arc on this intermediate

relation separately.

The branching node can be either a entity node or a relationship node. The query
processing on a branching node is depend on whether the branching node is a
entity node or a relationship node as:

a. For a branching node of relationship type, (i) decompose the arcs of a branch-
ing node into a set of new arcs by the decon;position rule, then (ii) implement the
join operation on the end nodes of each new arc, finally project the primary key
of each head node.

b. For a branching node of the entity type, (i) decompose the arcs of a branching
node into a set of new arcs according to the decomposition rule, then (ii) imple-

ment the join operation on the end nodes.
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A cyclic subgraph of a RERQG that has single branching node can be decom-
posed to a tree structure by processing the decomposition rule on the branching node.
For a cyclic subgraph which has more than one branching node, it can be converted to
several "single branching node contained" cyclic subgraphs by duplicating the cyclic

subgraph to each branching node.

Let n; and n; be two branching nodes in a cyclic subgraph of RERQG . If there is a
path p, from »; to n; and a path p, from »; to n; such that. p, = mv;nevgyny * -+ n; and

P2 = MjVigng vy 1y -n;, then, the paths p, and p,, are called the compound path.

An acyclic subgraphs of an ERQG can be decomposed to a sequence of local
regions that we may employ ER-semijoin to processed it. In case of a cyclic subgraph
of a restriction part have multiple branching nodes and merging nodes, the processing
of such a cyclic subgraph by converting it to an acyclic structure may be not efficient.
For a subgraph of a RERQG which is either a cyclic graph with multiple branching
nodes and merging nodes or a compound path, all of the main-nodes in the graph can
be aggregated to an aggregation node which is obtained by joining all the entity

nodes and relationship nodes in the subgraph.

DEFINITION 8 : Let G be a subgraph of an ERQG which contains a set of main-
nodes of relationship types {ry,..,r;,...7.}, a set of restricted main-nodes of entity
types {e.,..€,j, .ne,}, and a set of non restricted main-nodes of entity types
{ex1s s €mxs ..» €0 }. Then the aggregation node M of this subgraph G is M = (r; )
(dje,) M (e ), Where dir; = ridd ., riy =00 MR, 6, = €10, .y X ey, Mgy =

€1 My Eppyee. M4 e,,q .

THEOREM 2 : Let G be a subgraph of an ERQG defined as in Definition 8 and PK

be the primary keys of a branching main-node in G. Then,

Tpg M =Tpg 047, ) D4 (045 €,;) DA (M €, )
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=Tpx 04 1) X (5 e,)).
Proof : A subgraph of an ERQG should be able to be decomposed into a set of unit
graphs. For a "non-restricted main-node" of an entity node in a local region, its seman-
tics can be reduced to the relationship node of the local region [Chen1987b]. In other
words, ER-semijoin can be extended to the creation of an aggregation node of any
subgraph of an ERQG. Since main-nodes of entity type, which is not a restricted

main-node may be skipped during the ER-semijoin operation, the Theorem is proved.

Concerning to the ERQG (Entity-Relationship Query Graph) representation of a
query, the TERQG (Target part of ERQG ) is an undirected subgraph of an ERQG and the
RERQG (Restriction part of ERQG) is a directed subgraph of an ERQG. To process of
the undirected subgraph of a TERQG, an aggregation node processing technique may
be applied. Entity-Relationship Query Graph) it can be processed as an aggregation
node.



CHAPTER S
AN ERG APPROACH TO THE UNIVERSAL RELATION

1. BASIC ASSUMPTIONS ON THE UNIVERSAL RELATION OF SEMAN-
TIC APPROACH

In order to implement the universal relation by the utility of the ERG proper
assumptions on this universal relation scheme are necessary. The general assumption
of the universal relation is that each attribute in the scheme is globally and uniquely

defined.

To obtain the access paths of a query on a universal relation interface, by using
the semantics of an ERG, certain assumptions on the ERG are required. After the gen-
eral assumptions of a universal relation based on an ERG the assumption which make

the preprocessing of the query on the conceptual level feasible is made.

1.1. GLOBAL AND UNIQUE ROLES OF ATTRIBUTES

The purpose of the universal relation interface on a database system is to relieve
the user from the work of navigating the conceptual level of a relational database sys-
tem. In other words, on a universal relation interface, the user may directly query on
the attributes of a database and he do not have to know the structure of the conceptual
level. To allow the user to do the query directly on the attributes of a database the
first assumption made on a universal relation scheme is that there exists a set of attri-
butes in a universal relation [Ullm1983]. Since the user does not have to know the
conceptual level on a universal relation scheme, the application of an attribute to more
than one representation is not allowed. This restriction on a universal relation is based
on the second universal relation assumption. The second assumption on a universal

relation scheme is that all the attributes in a universal relation scheme are uniquely

90
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defined.

The first assumption of the universal relation asks that all the attributes of a
universal relation should be globally defined. The second assumption of the universal
scheme is to enforce an attribute should not have more than one representation in a

database.

1.2. ASSUMPTION ON THE PHYSICAL LEVEL OF DATABASE SYSTEMS

The representative instances Rep (P) of a database D is a collection of all of the
physical instances (physical relations) of entity types and relationship types of a data-
base [Sagil983]. A physical instance r; is a set of tuples which represents the true
value of a relation in the physical database. A physical instance of entity type is a
physical instance whose representation in the semantic level is an entity type; a physi-
cal instance of relationship type is a physical instance whose representation in the
semantic level is a relationship type. For a database D with physical instances
rura .., 1y, the representative instances of this database is denoted as Rep(D) =
{rivry o ore e

Though the concept of exerting representative instance to represent the physical
level of a database is similar to that proposed by Sagiv, the approach to a universal
relation using semantic model is quite different from Sagiv’s approach to the univer-
sal relation. In Sagiv’s approach the functional dependency is employed to obtain the
access paths of a query; in the semantic approach,~ a query is mapped onto an ERG of a

database to obtain a set of access paths represented as an ERQG .

A query can be categorized into two types : Update and Retrieval . The Update can
be further grouped into Modification, Insertion, and Deletion. The global updating of a

database system is discussed in chapter 1.

For the global retrieval of a database, a query is processed by a query processor in the
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conceptual level. That is, a query on a universal relation interface can be mapped
onto an ERG to obtain an ERQG. Then, the preprocessing of a query decomposition
and optimization can be implemented in the conceptual level on an ERQG. To obtain
proper access paths on the universal relation interface, we employ semantic model
rather than functional dependency as basis for the allocation of access paths of a
query. In the next section, the assumptions made on an ERG will make the prepro-

cessing of a query on the semantic level feasible.

1.3. ASSUMPTION ON THE SEMANTIC MODEL

To employ the semantic model as the structure of a relational database system, a

relational database should be defined by a semantic clear ERG . [Chen1987a].

The second assumption on an ERG is that for an entity type or a relationship type
in an ERG there is a unique physical instance corresponding to it, and for a physical
instance of a representative instance, there is a unique entity type or relationship type
in the semantic model to represent it. That is, a relational database system is well
designed on a semantically clear ERG and there is a bijective function between entity
nodes or relationship nodes of the semantic level and the physical instances of the

representative instances.

LEMMA 1 Let r, and r, be the physical instances of relations R, and R, on a relation
scheme, and {PK,}, {PK,, PK,,..., PK, } are the sets of primary key of relations R, and
R respectively. Then, Ipx,(ry) © Tpg,(ry) = (g, (r1X72) = r2) A (T, (ry M ry) KT, (ry X
ra) =riMry).

Proof : Let ryxr, = {UV,;} and r, = {U}V, ;}; where V,; is a tuple of the physical
instance ry&r, and {U/"V,;} is the set of m tuples of the physical instance r Xry; V, ;
is a tuple of the physical instance of r, and {U}V, ;} is the set of n tuples of the physi-

cal instance of r,. The implementation of the natural join operator on r, and r,, the
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property Il (ry X ry) C r, should be true. Thus to prove Iy (rxry) = r, we have to
prove r, © I, (ryxr,). Since Ipg (r,) C g (ry), for each V, ; of r,, there exist a tuple
of r; whose projection on PK is equal to the projection of V, ; on PK,. Thus for each
V,; in r,, there exist a tuple Vv, ; corresponding to it. That is, r, € (r, X r,). The equality
(ry X ry) = r, is proved. The next step we want to prove II;, (ry M r,) XTI, (7 X ry) =7y M
ro. As (r; Xry) = ry, we get the equal cardinality of r, and r; X r,, that is m =n. In other
words, the cardinality of I, (r, & r,) is equal to the cardinality of r, X r, and the cardi-
nality of r,. Thus for pg (g (ry X 7)) = Xpg, (ry), raMry =ry )X Ip (rydary) =TI, (7 X

ra) XIg, (ryXr,).

In an ERG, a unit graph represents a local region which contains a pair of entity
types and a relationship that connects to these entity types. A local region
[E;_1, R;, E;,;] may have the property of the local integrity iff [Chen1987a]

Ty (Ri) S Mgy (Eivr)

TR ST, (Eiy). ¢))]
Since a local region has the property of the local integrity, the physical instances of a

local region has the property of the join dependency which is proved in the Lemma 2.

LEMMA 2 Let a relation scheme R whose semantic structure be represented by an
ERG,and R = {L; | L; = [E;_1, R; E;4]}. Then, V(L;) (L; € R) , L; = [E,, R, E;] =1, =
rg, M rp, M rg, = Mg (ry) X g (7)) X g, (r.)); where rg, rp, and 7z, are the physical
instances of E,, R, and E; respectively.

Proof : Let PK, be the set of the primary key of E, and Pk, be the set of the primary
key of E;. For the integration rule of a local region of an ERG, the physical instances
of local region L has the property of (Ipx,(r,) S Tpx, (7)) A (Tpx,(rz,) < Thp, (7).

From the LEMMA 1, (Tlg, (rg, Mrg)) = rg ) A (TIg, (rg, Mrg ) XTIy (rg, Mg )) = rg, Mrg, , and

(HR' (rE‘MrR') = rR') A (HE' (rE‘MTR')MnR' (rE'MrR') = rE' NrR').
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Thus I, (rg, Mrg,) X IIg, (rg, Mrg )X rg , and Iy, (rg, M rg ) XTI, (rg, Mrg ) = (rg, Mrg ) X (g,
Mrg ) =rg Mrg Wrg =r,. From the integration rule, we amy also get ITg, (rg, Mrg ) = I,
(rg, Mrg, XE,), g, (rg, X rg) =TI, (rg, Mrg ME,), and Iz (rg, Mrg ) =z (rg, X 1g,) = Tlg,
(rg, X rg, X E,). Then r, = rg Xy Mrg =Tg () X TIg, () ) Tg, (r); where rg,, rg,, and

rg, are the physical instances of E,, R, and E, respectively.

From Lemma 2, the join dependency property for the physical instances of a
local region in an ERG is proved. Such a join dependency property of the physical

instances of a local region can be extended to the ERG .

THEOREM 1 Let Rz be a relation scheme whose structure can be represented in an

ERG as RER = {Ll’""Ll'} and RER = {El ..... E",..., Em’Rl""‘Rj'

..., R, }; where E;
and R; are entity type or relationship type respectively. And let r be the physical
instance such that r =" (rz(r)Xrg (r)); E;, R; € Rgz. Then, r =™ (g, (r) XTI, (r)) =
Mg (r) X I (r) ... XITg (r) Mg (r) X IIg(r) ... XTI ().

Proof :

(1) For an ERG with single entity type, the proof of the Theorem is trivial type; for

an ERG with only one local region, the Theorem is proved by the LEMMA 2.

(ii). For Rggp = {L,..,L;}, assuming r(k) = 6" (Ig(r)X g (r)) = Mg (r) X Hg(r) ...

Mg (r) X g (r) X TR (r) ... XTI (r).

(iii). For Rgg = {Ly, .. Ly, Lius}, 1€t Liyy = [E Ry E) ]
Case 1. If (E; e Rzx) A (R, €Rz) A (E € Rgz), Then rk+)=rk) = x7"
(Mg (r)XIg (r) = Hg (r) X g(r) ... XIIg (r) XTI (r) X IIg(r) ... I, (r). Then, by
the inductive hypothesis, the Theorem is proved.
Case 2. If (E; € Reg) A (Ry € Rep) A (E; € Reg), Then rk+1)=rk)Xrg = (47"
(Mg (r)XTIg(r))) Wrg, = (([grk)xrg) (K Tgrk)Xrg) ..., X(Tgrk)Mrg) X

(Her(k)DdrRA) ] (I'IRzr(k)NrR_),..., N(I'IR_r(k)MrR‘)) M7, = (I'IElr(k+l) ™ Mg r(k+1),...,
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Mg, r(k+1)) M Tg,7 (k+1) X g7 (k+1)),..., M ITg 7 (k) M7, = (Tgr (k+1) X g7 (k+1),...,
Mg r(k+1)) X Il r(k+1) X Igr(k+1),..., }II, r(k)) XTIz Then, by inductive
hypothesis, the Theorem is proved. Case 3. If (E, € Rgz) A (R, € Rer) A (E; € Rgg),
Then r(k+1)=r(k)Xrg, Mrg,. From case 2, rk+1)=rk)xrg, (47" (g (r)XIIg (7))
Mrg, = (g, (r(k+1)) X Tg(r(k+1)) ... MXIIg (r(k+1)) X g (7 (k+1)) X g (r(k+1)) ...
XTIp (7 (k+1))) XTI, .. By viewing r(k) x g as an intermediate phy.sical instance
of an entity type Then, by Lemma 2, we may get r(k+1)=r(k)Xrp, drp = (47"
(Tg, (r (k) XIIg (r (k) Wrg, Wrg= ([g(r(k+1)) X Mg (r@k+1)) ... XIIg (r(k+1)) X
TIg (7 (k+1)) X T (r (k+1)) ... XTIg (r(k+1))) XITg, . XIIR,(r (k+1)). Then, by induc-
tive hypothesis,

Case 4. If (E;  Reg) A (R, € Rgg) A (E; € Rgg), the Theorem can be proved with
the same reason as Case 3.

Thus the Theorem is proved.

Ullman proved that there exists a relation for a universal set of attributes of a
universal relation if and only if this relation satisfies the join dependency on the physi-
cal instances of the universal relation. [Ullm1982]. From Theorem 1, for a relational
database whose semantic structure can be represented by a semantically clear ERG, the
join dependency is always true. That is, the assumption that there exists a universal set

of attributes on a universal relation is always true.

2. QUERY DECOMPOSITION AND ITS ASSOCIATED ACCESS REGIONS

The universal relation assumption based on an ERG requires that for a query on a
universal relation, there is one semantic extended region corresponding to it. By
representing a semantic structure of a relational database in an ERG, a query on the
relational database can be represented by an ERQG which contains a subgraph of an
ERG with logics of the query. An ERQG can be grouped into two types. That is, each

valid query can be grouped into a target part and a restriction part. The target part
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pertains to the attributes of the information to be retrieved. Thus for a valid query, the
target part should not be empty. The restriction part restricts the domain of the attri-
butes to be retrieved. An empty restriction part always means that the domain of the

target part is not restricted.

2.1. THE SEMANTIC EXTENDED REGION OF A QUERY ON A UNIVER-
SAL RELATION

A query on a universal relation based on the semantics of an ERG yields lossless
information if the access paths of the query cover all of the possible attributes of the
query. For two different main_nodes in an ERG, there may exist more than one path
connecting them. The lossless information to represent the relationship between two
main_nodes in an ERG is obtained by the union of all the paths that connect them.
Thus we define the subgraph of two separate main_nodes in a query as the set of paths

that connect them. [Chen1987b].

The target part and restriction part of a natural join query of a universal relation

is defined in the previous chapter.

DEFINITION 1 A minimal semantic extended target part of a query is the minimal

set of the target part of the query which represents lossless information.
We define the target part of the geury to cover all the loseless information. By

deleting the redundant main-nodes as in the Example 1, the target part of a query can

be represented by a minimal semantic extended target part.

Example 1: The query Q on the database COMPANY of fig. 1 is :
Q retrieve :dept_id, person_id
where part_id = "part00001532".
To represent lossless information of @, the target part can be [DEPT, EMPLOY,

PERSON] or [EMPLOY,PERSON]. The minimal extended target part is
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[EMPLOY , PERSON ].

DEFINITION 2 A minimal semantic extended restriction part of a query is the
minimal set of the restriction part of the query which may specify the domain of loss-

less information.

The minimal semantic extended restriction part of a query can only be obtained
after the allocation of the minimal semantic extended target part. We define the res-
triction part of the qeury to cover all the loseless information and which do not cover

the redundant paths, thus it is a minimal semantic extended restriction part.

Example 2: The query Q in example 1 has two equivalent semantic extended restric-
tion parts represented as [PERSON, [WORK ON,MANAGE], PROJECT,USE,PART] and
[PERSON, IWORK ON, MANAGE]}, PROJECT,USE]. The minimal semantic extended res-

triction part is [PERSON, [WORK ON, MANAGE], PROJECT, USE].

DEFINITION 3 A semantic extended region SR of a query Q is the union of minimal
semantic extended target part and minimal semantic extended restriction part of Q.
That is SR =Ty U Ry, Where Ty, is the minimal semantic extended target part of 0,

and R,y is the minimal semantic extended restriction part of Q.

The minimal semantic extended target part (7)) of a query contains the
minimal set of local regions and includes all of the attributes to be retrieved such that
Tuv = {Lil @WcSR) A ((V)) (G#DAli#L)) = @m) (m#i)Al; #Ly) A
Ly NL; #D)} A Tyyy # . The minimal extendéd restriction part of the query con-
tains the minimal set of local regions that connect the target part and the attributes
whose domain is specified in the query such that Ryy = {L; |L;cSR}.
SR =(Tyyy URyn YA (Rypy 2D = (TGpyy ® RGpyy = Tyyy W Ryv)); where TG is the
graph representation of the target part, RG is the graph representation of the restriction

part, and @ is the ring sum operation on the ERQG [Chen1987b].
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For a valid query, the semantic extended region can be decomposed into a query
part and a restriction part. The necessary condition for a valid query is that the target
part of the query must not be empty. Then, each query can be decomposed into two
sets of local regions. One set of local regions is the set of local regions of the target
part, the other set of local regions is the set of the local regions of the restriction part.
For a nonempty restriction part, the intersection of the restriction part and the target
part should not be empty. By representing a query by an ERQG,
(TG © RGyy = Tagy U Ryqgy) defines that the intersection of the target part and the
restriction part of a query contains a set of main-nodes such that each isolated sub-

graph of the restriction part does not have two main-nodes in this set.

DEPT deptTld

Jocation

EMPLOY dept_id

person_id

PERSON person_id

person_id person_id
proj_id proj_id

PROJECT proj_id
- proj_id
PART part_id

Fig. 1 The Entity-Relationship Graph of the relational database COMPANY .
Example 3 : Consider a relational database COMPANY whose semantic model is

represented in the Entity-Relationship Model as in fig. 1. The query "Find the dept_id
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of the DEPT that EMPLOY s the PERSON who WORK's ON or MANAGE s the PROJECT that
USEs the PART with part_id =’part000001532"." specifies that the target entity part is
DEPT and the restricting object is part_id which is the attribute of the entity type
PART. The query specifies the semantics regions which extend from the local region
[DEPT, EMPLOY , PERSON] to the local region [PROJECT,USE, PART]. The semantic
extended region of the query includes the local regions [PERSON, WORK ON, PROJECT]
and [PERSON, MANAGE,PROJECT], which connect [DEPT,EMPLOY,PERSON] and
[PROJECT, USE, PART]. The same query can be represented in a query of the universal
relation as "retrieve dept_id where part_id = part000001532’ . These two equivalent
queries have the same extended region. From example 1 and example 2, the minimal
semantic extended region of these two queries is [EMPLOY,PERSON,

[WORK ON, MANAGEY, PROJECT, USE].

The allocation of the semantic extended region of a query on a universal relation
interface is equivalent to the searching of the access paths to represent the query. Such

semantic extended region must contain the lossless information of the query.

Example 4: For the query in example 3, there are two paths between main_nodes
DEPT and PART : [DEPT,EMPLOY,PERSON, WORK ON,PROJECT,USE,PART] and
[DEPT, EMPLOY , PERSON , MANAGE , PROJECT, USE, PART]. The relationship between
these two access paths may be one of the following : Union, Intersection, Difference,
Cartesian Product, Join, Negation, Exclusive—~OR , Division. To represent a lossless query,

we take the union of these two access paths and get the result as in Example 3.

For the query based on the universal relation as in the second query of example
3, the allocation of the semantic extended region of the query is necessary. In general,
the semantic extended region of a query is not unique. But for a query, there is a
unique minimal semantic extended region corresponding to it. In the next section, we

will discuss the uniqueness property of the minimal semantic extended region.
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2.2. UNIQUE PROPERTY OF A QUERY AND ITS ERQG ON A UNIVERSAL
RELATION

For the interpretation of a query of a universal relation approach on an ERG, the
allocation of different access paths may yield different results. Thus we will prove that
for each query on a universal relation interface, there is a unique set of access paths

that can be allocated.

DEFINITION 4 Let R be a RKER with an ERQG G. For any two main_nodes M, and
M, in G, P is a set of access paths between M, and M, such that P = {P,, ..., P;, .., P, }.
Let I, be a relation which is obtained by joining all of the physical instances of the
path P;, P, < P. Then, G is a non-redundant ER iff (VP;}VP;) ((P; cP)(P; cP)

(P; #P,)(P,—PJ:#Q) (PJ—P, ¢®)—)(I, ¢]J))

LEMMA 3 The minimal semantic extended target part of a query on a universal rela-

tion of a non-redundant ER is unique.

Proof : Assuming there are two different target parts T, and T, for a query Q, that is

T,#T,.

(i). If T, T, then T, is not a minimal semantic extended target part, the result is
contradictory to the assumption that T, is the minimal semantic extended target
part.

(ii)). If T, T,, then T, is not a minimal semantic extended target part, the result is

contradictory to the assumption that T, is the minimal semantic extended target
part.

(iii). If (T, @ T;) A (T, @ T,), then either T, or T, is redundant. Then, the assumption is
contradictory to the fact that the relational database is non-redundant ER.

Thus the minimal semantic extended target part of a query on a universal relation of a

non-redundant ER is unique.
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LEMMA 4 The minimal semantic extended restriction part of a query on a universal
relation of a non-redundant ER is unique.

Proof : Assuming there are two different restriction parts R, and R, for a query @, that
is R{#R,.

(i). IfR,cR,, then R, is not a minimal semantic extended restriction part, the result

is contradictory to the assumption.

(ii). If R, <Ry, then R, is not a minimal semantic extended restriction part the result is

contradictory to the assumption.

(iii). If (R, 2 R;) A (R} @ R)), then either R, or R, is redundant. Then, the assumption is
contradictory to the fact that the relational database is a non-redundant ER.

Then, contradicting results are obtained from the assumption that there are two dif-

ferent restriction parts in a valid query. Thus the uniqueness property of a minimal

semantic extended restriction part of a query on a universal relation of a non-

redundant ER is proved.

THEOREM 2 The minimal semantic extended region of a query on a universal rela-
tion of a non-redundant ER is unique.

Proof : The semantic extended region of a query on a universal relation of a non-
redundant ER is the union of its target part and the restriction part of the query. Let
TG be the target part subgraph of the query and RG be the restriction part subgraph of
the query, and G be the query graph of the query. Then, TG ® RG = TG URG. Thus
the uniqueness property of a semantic extended region can be obtained from the

uniqueness properties of its target part and restriction part.

For a valid query, there exists just one semantic extended region to represent it.
A minimal semantic extended region can be further decomposed into a semantic
extended target part and semantic extended restriction part. The user may navigate

the relational database on any of the relational query interfaces such as SQL, QUEL,
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QBE, and etc. In a universal relation interface, the system may automatically allocate
a minimal semantic extended region on the ERG of a database system. The implemen-
tation rules for the allocation of the semantic extended region of a query on a univer-

sal relation are discussed in the next section.

3. PROPAGATION OF ACCESS PATHS VIA RELATIONSHIP

In a RDKER (A Relational Database with Knowledge of ERG), the ERG represents
the semantic structure of the database. In the universal relation model on a RDKER,
the relationship in a relationship-based surrounding region plays the role of connect-
ing the access paths. The first step of the allocation of the access paths of a query on a
- universal relation is to obtain the restriction main nodes and the target main nodes of
the query [Chen1987b]. The second step of the allocation of access paths is to allo-
cate the paths that connect from restriction main nodes to the target main nodes. This
technique of the allocation of the access paths of a query on a universal relation is

quite different from that used by the Sagiv [Sagi1983].

A relationship based surrounding region contains the identification or the pri-
mary keys of the entity types that are in the region. Such a "connected entity types
identification including" property of a relationship type makes the allocation of the

access paths between target main nodes and restriction main nodes available.

Example 5 : A relationship-based surrounding region is {R,, E;, E,,E;}, where the pri-
mary keys of the entity types of E,, E,,- and E; are {PK,;,PKy,...PKy},
{PK31, PK3y, ..., PKyg}, and {PKs, PK, ..., PK 3} respectively. As the primary keys of an
entity type or a relationship type may have more than one attribute, the use of
identification representation of the entity types makes the allocation of access paths
more convenient during the process of searching. The representation of this
relationship-based surrounding region in the primary keys of the entity type is :

relationship-surround _region(R#1, PK,, PK,, PK)
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E (pkyy, pkyy, .- Pkso, -..)

E (Pkyy, pkygy oy Pk gy o02)

E (pkay, pkag, ..., Pk, ...), Where PK( = [pkyq, pkiy ooy P19y <.u)s

PK = [pkay, Py - Py, ), @and PK 5 = [pkay, pkag, ...y Phag, o).
The representation of this relationship-based surrounding region by the internal
identification of the entity types in the system is :

relationship-surround_region(R#1, E_ID,, E ID,, E_ID;)

E(EID,,...)

E(E_ID,,...)

E(E_ID,,...).
Thus the representation of an entity type or a relationship type by the internal
identification representation of the system will simplify the work of allocating the

access paths of two main nodes.

For two main-nodes X and Y and an n-ary relationship based surrounding region
that connects X any Y, a local region which contains this n-ary relationship and which
connects X and Y is called a projected local region. A projected local region is
defined as the projection of a local region on a relationship-based surrounding region.
A projected local region is the full semantic reducer of an n-ary relationship based
surrounding region. That is, for an n-ary relationship in an access path of a query,
only the projected local region of this n-ary relationship-based surrounding region

have to be used for the processing of a query.

The searching of the connecting paths of a target main-node and a restriction
main node in an ERG can be treated as the searching of the sets of unit graphs ( the
graph representation of a local region) that connects these two main nodes. The
searching algorithm can be illustrated as :

a(X,Y) -> relationship_surrounding region(R#1, X, Y, Z, ...);
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where X, Y, and Z are the identification of the entity and R is the
relationship that which has the relationship-based surrounding region

of {R,X,Y,Z, - }.

paths(X,Y,L1) -> findall(L,go(X,Y,L),L1).

go(Start,Dest,Route) -> goO(Start,Dest,[],R),rev(R,Route).

go0(X, X, T,[X|T]). B
goO(Place,Y,T,R) -> legalnode(Place,T,Next), goO(Next,Y,[Place|T],R).
legalnode(X,TrailY) -> (a(X,Y) ; a(Y,X)),not(member(Y,Trail)).
a(X,Y) -> relationship_surrounding_region(R#1, X, Y, Z, ...);

THEOREM 3 Let a and b be two main-nodes in an ERG, there exists at least a path
P =uy, .., 4 .., such that P connects a and b, where y; is a unit graph in the ERG .
Proof : If the ERG is a single entity type, then a = b, the Lemma is proved.

For an ERG which is not a single entity type, let u, and u, be the unit graphs that have
a and b as their main-nodes respectively. Then, if u, N u, # &, then the Theorem is
proved. Now, we want to prove when u, N u, = &, there exist a path which connects
u, and u,. Let G = {u; | ; is the unit graph of the ERG}. From the Theorem 1 of the
"ERQG and ERQT on a Relational Database System" [Chen1987b), G = ({uy, .., u;}),
and (Vi; € G) (Vu; € GYu; nu; =@ ) — Cup € G Yuy #1;) A (ue Ny, € D)). Let u, =
{u:} and u, ={u,}. Since u; Nu, =D, then Fu, € G (u, N {u;} #D)). Letu'y =u; U
v.. Ifu'y N u, =D, then the Theorem is proved. If u’; M u, # &, by the same reason
we can add a unit graph into «’; to test the intersection of this new graph and u,. The
worst case for the allocation of the connecting path from a to b is that we get u” =G -
u, - u'yand 'y N u, # . Since G is a connected graph, then (u, U u”) N u, # J, thus

the Theorem is proved.

Thus for any two main-nodes in the ERG, we can find a set of directed access

paths starting from one main-node and ending at the other main-node. Let two main-
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nodes be specified as a target main-node and a restriction main-node, then we can get
a set of paths such that each path starts from the restriction node and ends at the target
main node. In an ERG, the rule for the propagation of access paths from a restriction

main node to a target main node is called the access propagation rule.

THEOREM 4 An ERQG contains m target main-nodes and » restriction nodes. If
m, n #0, then the maximum sets of paths that connects the target main nodes and res-
triction main-nodes is m xn.

Proof : From Theorem 3 that for each pair of a target node and a restriction node,
there is a set of paths that connect them. Thus for each target main-node there are n
sets of access paths that connect it to the restriction main-nodes. Since there are n res-
triction nodes, we can find m x » pairs of access paths connecting these target main-

nodes and restriction main-nodes.

The access paths that connects the target main-nodes and the restriction main-
nodes of a query can always be reduced according to the decomposition rule and
merging rule of an ERQG [Chen1987b]. Any access path of an ERQG which contains
more than two target main-nodes is called a redundant access path. To process an
ERQG efficiently, the redundant access can be skipped during the allocation of access
paths of an ERQG. The set of access paths of a target main-node and a restriction
main-node of an ERQG can be merged by a merging algorithm. The following merg-
ing algorithm illustrates an example to merge those access paths that have the same

end nodes and that have common portions :
(i). Merging two paths into a combined path: e.g. [1,2,3,d.f,g,p,qr] and
[1,2,3,v,p,q.r] will be merged into [1,2,3,[[f,g],[v]],p,q.1] :
merge(A,B,C) -> merge_head(A,B,H,T1,T2), merge_tail(T1,T2,H1,H2,T),
rev(T,Ts), append(H,[[H1|[H2]]],S), append(S,Ts,C).
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(ii) Merging paths with the same beginning segments:
merge_head([X|Y1],[X|Y2],[X|HO],P,Q) -> merge_head(Y1,Y2,HO,P,Q).
merge_head(U,V,[],U,V).

(iii). Merging paths with the same ending segments of arcs :
merge_tail(T1,T2,P,Q,T) -> abstract_tail(S,T1,H1),
abstract_tail(S,T2,H2),!,merge tail(H1,H2,P,Q,TT),T=[S|TT].
merge_tail(X,Y,X,Y,[]).

The Theorem 3 proved that for a target main-node and a restriction main-node
there exists a set of access paths that connect them. An access path that connects two
main-nodes can be represented by a set of unit graphs [Chen1987b]. The Theorem 4
proved that for a query contains m target main-nodes and n restriction main-nodes,
there are m x n sets of access paths that connect them. In other words, the allocation of
the access paths of a query on universal relation interface is to find the sets of access
paths that connect the restriction main_nodes and the target main_nodes. To reduce
the redundant access paths, the optimizing rule can be built in the searching algorithm.
Thus with these basis, an optimizing rule for the allocation of the sets of access paths

of the ERQG of a query on a universal relation is shown in the following procedures:
(1). Allocate the target subnodes and the restriction subnodes of a query on the ERG.

(2). Link each subnode to the main-node such that the main-node and the subnode

are the end nodes of a subarc.

(3). Group the main-nodes into a set of the targef main-nodes and a set of the restric-
tion main-nodes.
(4). Allocate the target part of the ERQG of the query by the application of propaga-

tion rule on the target main-nodes collected from step(3). region.

(5). Construct the undirected subgraphs from the restriction main_nodes to the target

main-nodes of the target part.
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(6). Merge the access paths according to the merging algorithm.
(7). Lable the direction of subgraphs from the restriction node to the target node.

(8). Check the in_degree and out_degree of each main-nodes in the access paths such

that the cyclic subgraphs of the ERQG can be allocated.

(9). Convert the cyclic subgraph of the restriction part of the ERQG to the tree struc-

ture.

(10). Employ ER-semijoin to process the query represented in the ERQG from the step

9.

A minimal semantic extended ERQG represents a well optimized semantic
representation of an ERQG. Since the time complexity of the minimization of the
access paths of a query is much less than the time complexity of the processing of the
query, the allocation of a minimal query is one of the important optimizing technique

for the processing of a query on a RDKER.

In the following example, the allocation of the ERQG of a query on a universal

relation is illustrated.

Example 6 : The query Q is a query on a universal relation interface for the relational

database UNIVERSITY shown in fig. 2.

Q: retrieve c_name, u_name

where s.s# = '456789123’ _
The following procedures illustrate the procedures to obtain the ERQG of the query 0
from the ERG of UNIVERSITY.

(1). The first step to obtain the ERQG of the Q is to collect the set of the target attri-
butes and the restriction attributes. From the query, we get the set of target attri-
butes {c_name, u_name} and the set of restriction attributes {s.s#}. By mapping

these sets of target attributes and restriction attributes onto ERG, we get the sets
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UNIVERSITY

COLLEGE

= (@

MAJOR

Fig. 2 The ERG of the relational database UNIVERSITY.
of target subnodes and restriction subnodes respectively. Then, (i) by linking the
u_name to the main-node through subarc d,,, the target main-node UNIVER-
SITY can be obtained; (ii) by linking the c_name to the main_node through the
subarc d, ¢, the target main-node COLLEGE can be obtained; (iii) by linking the
s.s# to the main-node through the subarc d4,r, the restriction main-node

FACULTY can be obtained.

(2). The target main-nodes are grouped into the set as {UNIVERSITY, COLLEGE};

and the restriction main-nodes are grouped into the set as {FACULTY}.
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By propagating the linkage of the target part via the relationship-base surround-
ing region, we get a new set of target main-nodes as {UNIVERSITY, HAS,

COLLEGE} and we also get a set of main-arcs as {ARCy 5, ARCy ¢ }.

For these three pairs of main-nodes paths < UNIVERSITY, FACULTY>,
<HAS, FACULTY>, and <COLLEGE, FACULTY>, allocate the access paths
that connect them. That is, each set of access paths is obtained by applying the
searching algorithm on a target main-node and a restriction main-node. The sets
of access paths of <UNIVERSITY, FACULTY> and <COLLEGE, FACULTY>
are redundant paths. Thus only the set of access paths of <COLLEGE,
FACULTY> is not redundant. Thus we get the paths as
{[COLLEGE ARC CONTAIN ARCp gz MPLOY ARCgy FACULTY], [COLLEGE ARC( ¢
CONTAIN DEPT ARCpz RUN ARCpc COURSE ARCyc TEACH ARCpy FACULTY],
[COLLEGE ARCc ¢ CONTAIN ARCcp DEPT ARCyp MAJOR ARCy s STUDENT ARCr

TAKE ARCc y TEACH ARCyy FACULTY]}.

Merging access paths : The set of paths between COLLEGE and FACULTY can be
merged into the following path :

{COLLEGE ARC ¢ CONTAIN ARCp DEPT [[ARCp gz MPLOY FACULTY] v
[[[ARCpz RUN ARCzc] Vv  [ARCyp, MAJOR ARCys  STUDENT ARCrs TAKE]]

ARCy ¢ TEACH ARCp 1] FACULTY }.

The direction of the paths is from the restriction main-node to the target main-
node. Thus the main-arcs of the query is directed by the direction from the

FACULTY (restriction main-node) to the COLLEGE (target main-node).

The out-degree of the COURSE (main-node) is 2 and the in-degree of the DEPT is
2. Thus COURSE is a branching node with two branching arcs ARCy ¢ and ARCy ¢;

DEPT is a merging node with two merging arcs ARCy, , and ARCp .



CHAPTER 6
ERG BASED RELATIONAL DATABASE SYSTEM

1. ONE-PHASE AND TWO-PHASE DATABASE SYSTEMS OF THE RDKER

An ERG can be used either on a one-phase interface or on a two-phase interface
of a relational database as the semantic structure of the database, which will be dis-
cussed in this section. A database system which uses ERG as the structure of the one-

phase interface of the relational database system is shown in the Fig. 1.

1.1. ONE-PHASE DATABASE SYSTEMS OF THE RDKER

A one-phase interface of a relational database based on the ERG (OPRER) is com-
posed of five components, namely as user-friendly interface, query mapping interface,
query tree converting interface, query processing interface, and database storage.

These interfaces have different functions on the processing of a query as:

(1). USER-FRIENDLY INTERFACE : On a one-phase system, multiple interfaces
can be used in a database system. That is, more than one query interfaces of the
relational database can be applied to an OPRER. In such a OPRER those query
language such as SQL, QBE, QUEL, universal relation Interface, ERG-
approached quasi-natural language, etc. are available on the same database sys-
tem. Then the user may select any query language of the OPRER he likes to pro-
cess a query.

(2). QUERY MAPPING INTERFACE : In a RDKER, the semantic structure of the
database is represented by an ERG and the internal structure of a query on a
OPRER of the RDKER is represented by an ERQG [Chen1987a)]. To obtain an
ERQG of a query on a OPRER, the query has to be mapped onto the ERG to get a

subgraph of ERG. Then by combining the logics of the query into the ERG, a

110



111

undirected ERQG can be obtained. Finally, by ’labeling the direction of thé query
from each restriction main-nodes to the target part of the query, a directed ERQG

of a query on a OPRER can be obtained.

(3). QUERY TREE CONVERSION INTERFACE : A cyclic subgraphs of an ERQG

can be converted to a semantic equivalent tree structure [Chen1987a].

(4). QUERY PROCESSING : A subgraph of the restriction part of an ERQG
represented by a tree structure can be further decomposed into a set of local
regions. Then, for each local region of an ERQG , ER-semijoin can be used to pro-
cess it. For a complex cyclic subgraph, the aggregation node processing tech-

nique can be employed [Chen1987a].

(5). DATABASE STORAGE : Although various interfaces may be applied to the
user, the representation of the physical level under all interfaces is the same. That
is, the user may select any interface of the system to process a query on the data-

base system.

A database system with multiple interfaces was demonstrated by Li in the con-
struction of the ILEX [Li1984]. Li employed "logic" as the internal structure of a
query on the ILEX. While in our research, we use an ERG to represent the structure of
a database and an ERQG to represent the internal structure of a query. One of the
advantage of the ERG is that it can be used to allocate the access paths of a query on a
universal relation interface. The universal relation interface was not introduced in the
ILEX. Thus in this research, we use the universal relation to demonstrate the feasibil-
ity of using ERG as the structure of a relational database, allocation of access paths of

a query in a global interface, and the processing of an ERQG by the ER-semijoin.
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interface interface interface interface
ENTITY-RELATIONSHIP GRAPH

ENTITY-RELATIONSHIP QUERY GRAPH

SUBGRAPHS OF AN ENTITY-RELATIONSHIP QUERY GRAPH
WITH TREE STRUCTURES

QUERY OPTIMIZATION AND
QUERY PROCESSING

DATABASE
(FACTS)

Fig. 1 The architecture of a multiple user interfaces of an OPRER.
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1.2. TWO-PHASE INTERFACE OF RELATIONAL DATABSE SYSTEM
BASED ON ERG

The TPRER (two-phase interface of the relational database based on the ERG)
contains four different phases for the processing of a query : a user-friendly query
interface or a two-phase query conversion interface, ERQG allocation interface, query
mapping interface, and the underlying database systems. The query mapping inter-
face and the entity relationship query tree conversion interface of the TPRER have the
same functions as that of the OPRER. Fig. 2 shows the architecture of a TPRER. These

ERQG processing phases of a TPRER are as follows :

(1). USER-FREINDLY INTERFACE OR QUERY TRANSFORMATION INTER-
FACE: A TPRER can be either applied to the building of a user-freindly query
interface on top of a database system or the transforming of a query from one

underlying database system to another.

A query on the user-friendly interface of a TPRER can be mapped onto the ERG
of the underlying system to obatain an ERQG. There are two advantages for the con-
struction of an ERG based}query interface on top of a database system. The first
advantage of the construction of a high level user-friendly interface is that its query
language can be easily understood and handled by the user. The second advantage is
that by representing a query by with ERQG, the query can be implemented according
to the operation logic of the ER-semijoin. The proceessing of a query by the ER-
semijoin is more efficient than the processing of the query by the traditional joining

processing techniques [Chen1987b].

A TPRER can also be used as a query language conversion interface. In a TPRER
a query language from one of the underlying database sytems can be mapped to an
ERQG . Then, the ERQG can be mapped onto the query langauge of another underlying

database system.
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(2). ERQG REPRESENTATION PHASE : A query can be mapped onto the ERG of a
underlying database system to obtained an ERQG . Most of the cyclic subgraphs
of an ERQG can be converted to their semantically equivalent trees according to
the ERG semantic structure of tlie underlying database system. Example 1 illus-

trates the intelligent query decomposition and mapping procedures of this phase.

(3). QUERY MAPPING : In this phase, a query represented by an ERQG is mapped
to the query language of a underlying database system. If the segment of the res-
triction part of an ERQG can be decomposed into a unit graph, then ER-semijoin
operation can be employed for the mapping from the ERQG to the query language
of a underlying database system in the TPRER [Chen1987b]. Otherwise a acyclic
subgraphs of an ERQG can be mapped according to the aggregation node process-

ing technique [Chen1987a].

(4) THE UNDERLYING DATABASE SYSTEMS : From the query mapping phase,
a query represented by an ERQG is mapred to the executable query language of a
underlying database system in the TPRER. Then, this executable language is
transmitted to the underlying database system for the processing of the query.
Finally, the information obtained from the underlying database system can be

transmitted back to the user.

In a TPRER, a user-friendly query interface can be built on top of a database sys-
tem for the novel users. Nevertheless, the TPRER can also be applied as query map-

ping interface to the database system which contains distributed nodes.
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A USER-FRIENDLY QUERY INTERFACE
OR QUERY TRANSFORMATION INTERFACE

ENTITY-RELATIONSHIP GRAPH
ENTITY RELATIONSHIP QUERY GRAPH

ENTITY-RELATIONSHIP QUERY TREE

QUERY OPTIMIZATION AND
QUERY PROCESSING

QUEL SQL DBASE|| 7 QBE

DATA DATA DATA DATA

BASE BASE BASE BASE

Fig. 2 The architecture of a two-phase interface based of the relational database based
on the ERG.
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Example 1: The database BOOK shown in fig. 3 contains the relations [PERSON, BOR-
ROW , BOOK , PUBLISH , COMPANY ], where PERSON , BORROW , and COMPANY are entity
nodes; BORROW and PUBLISH are relationship nodes. A quasi-natural language inter-
face based on the ERG is built on top of this database. The query : Find the <phone > of
the <PERSON> who <BORROW > the book <PUBLISHED > by the <COMPANY> with
name = 'CROWN C€O.’ This query including two local regions : [PERSON, BORROW
BOOK] and [BOOK , PUBLISH , COMPANY ]. Thus the mapping of the query to the under-
lying database system can be processed according to the ER-semijoin operation as fol-

lows :

(1). Project on the primary key company id of the tuples of the COMPANY which

satisfy the condition company_id =’CROWN CO.’

(2). Select and project on the key book_id of the tuples of the PUBLISH such that the

value of the company _id of these tuples are in the collected list from the step (1).

(3). Select and project on the key person_id of the tuples of the BORROW such that the

value of the book_id of these tuples are in the collected list from the step (2).

(4). Select the tuples whose primary key person_id is in the list collected from the step
(3).
(5). Project on the phone obtained from (4).

(6). Display the result.

PERSON BORROW BOOK COMPANY

. id
pe’ff“-‘d person_id book_id book_id °°mpa:y -
plone book_id title company _id co_phone
address - pany_ co_address

Fig. 3 The ERM of the database BOOK .

By using the traditional operation of the joining operators to process the query,
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the procedures for the processing of the query of Example 1 are : (i) creating an inter-
mediate table TEMP that contains only of the key of the COMPANY with name =
"CROWN CO’, (ii) joining the relations of PERSON, BORROW, BOOK, PUBLISH, and
TEMP, (iii) projecting on the attribute person_id. By mapping the query onto the data-
base system according to the decomposition procedures of Example 1, the ER-
semijoin operation can also be interpretered as a semantics based optimizing operator.
The comparison of the efficiency of the time complexity and the space complexity for
the execution of a query by using ER-semijoin with that by using tradition join opera-
tor is discussed in the Chapter 3.

The user-friendly interface of the TPRER can be extended to the multiple inter-
faces as that discussed in OPRER . For example, in a user-friendly interface with multi-
ple interfaces built on top of the system-R, the user may select SQL, QBE, or another
interface in this user-friendly interface to process a query. Then, the query will be
represented by an ERQG and converted to the QUEL. Finally, the query represented in
QUEL will be transmitted to the underlying system to process the query. Similarly, a
user may also select QUEL , QBE, universal relation interface, etc. to process a query
in a multiple interface built on top of the DB-2. In such cases, the ERG and ERQG are
used as the structure of a database and the structure of a query respectively for the

executing and optimizing of a query in an TPRER.

2. AN ERG BASED DATABASE SYSTEM

An ERG based database system with a universal relation interface is demon-
strated by using logical programming [Kost1985, Keh11985]. In this experimental
system, we demonstrate the design of a relational database based on the ERG, the allo-
cation of the access paths of a query by the aid of the ERG, and the processing of the
query by using ER-semijoin. In this section, we sketch the basic definition of an ERG

and the static constraints of attributes in a relational database system. Besides the
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semantic constraints of the ERG, the user can also define constraints on attributes.
Since there are various different static and dynamic constraints with different applica-

tions, we will only introduce the basic static constraints in this section.

DDL FOR THE PHYSICAL INSTANCES OF ENTITY NODE AND RELA-
TIONSHIP NODE

In the physical level of a relational database system, the representations of an
entity node and the relationship node are the same. That is, we do not have to distin-
guish an entity node from a relationship node in the physical level. The recognization
of an entity node and a relationship node can be done in the semantic level. With the
semantic structure represented by an ERG, the semantic difference of the entity nodes
and the relationship nodes of a relational database base can be processed in the seman-
tic level. To represent the semantic structure of a relational database in the ERG, the
DDL to define an ERG on the database system is necessary. In this section, we intro-
duce the DDL of the ERG such that an ERG can be used as the structure of a relational
database system. In an ERM, the semantic unit is represented by a local region. The
representation of a local region in the ERG is a unit graph [Chen1987a)]. The unit
graph of an ERG is defined as U; = [¢, r;, €, ARC;j, ARCy, {a3}, {ajn }, {an }, {ds},
{din }; {din }, C:i, Ci], which contains the following properties:

(1). ENTITY NODE : entity node ( [entity_name);, lattribute]);;, {key,no—key},

[specification];, ..., €tc. ),

‘where [auribute]; is the jth attribute of the entity node [entity namel;, and this
attribute can either be a prime (denoted as key) or a non-prime (denoted as
no_key). The [specification];; is the specification of the type of this attribute of an

entity node.

(2). RELATIONSHIP NODE : relationship_node ( [relationship_name);, lattribute];,

{key ,no_key}, [specification];, ..., €tc.),
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where [attribute]; is the jth attribute of the relationship node [relationship_name];,
and this attribute can either be a prime (denoted as key) or a non-prime (denoted
as no_key). The [specification];; is the specification of the type of this attribute of a

relationship node.

(3). ENTITY_RELATIONSHIP : entity_relationship ([relationship_name};,
lentity_name);, {W,E}, {role ,no_role }, ...,),
where lentity name]; is the entity node that connects to the relationship
[relationship_name);. The [entity_name]; must either be an entity node E or be a
weak entity node W; such an entity-relationship set may either be a role type

(IS-A) or a non-role type (not an IS-A ).

(4). LOCAL _REGION ( UNIT GRAPH ) : local region ([relationship_name};,
lentity_name];_,, lentity_name);,,, [card];_y, [card);.;),
where [relationship_name]; is the relationship which connects the entity nodes

[entity_name];_; and entity node [entity_name);,;; [card];., and [card];,, are the cardi-

nalities of the local region [PERSON, BORROW, BOOK].

The predicates of (1) and (2) defines the physical instances of an entity node and
a relationship node. The first term of such a predicates represents the identification of
an entity node or a relationship node; the second term of the predicate defines an attri-
bute in the relation; the third term of the predicate declares whether the attribute is a
primary key or not; then, the specification of the type of the attribute may be added. In

the Example 2, these DDL of a unit graph of an ERG is illustrated.

Example 2: A relational data model LIBRARY is represented by the ERM as



PERSON

BORROW

BOOK
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person_id
phone
address

person_id
book_id

book_id
author
title

The person_id is the primary key of the relation PERSON, book_id is the primary key

of the relation BOOK, and both of person_id and book_id are the keys of the BOR-

ROW. Then, the database LIBRARY can be define as follow :

entity_node ( person, person_id, key, c-9).

entity_node ( person, phone, no_key, i-10).

entity_node ( person, address, no_key, c-32).
relationship_node ( borrow, person_id, key, ¢-9).

relationship_node (borrow, book_id, key, c-12).

entity_node ( book, book_id, key, c-12).
entity_node (book, author, c-30).
entity_node (book, title, c-20).

The data types c-12, i-10, and etc. will be discussed in the next section.

The ENTITY-RELATIONSHIP defines the connection of an entity node and a

relationship node in the ERG. The connection of two entity nodes to a relationship

node of the ERG is expressed by two of these predicates. An n-ary relationship can be

represented by n predicates of ENTITY-RELATIONSHIPs whose first item is the

specific relationship node. The representation of a local region is the projection of

two entity nodes and a relationship node on an n-ary relationship node.

Example 3: The representation of the database LIBRARY of Example 1 contains the fol-
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lowing semantic structures :

entity_relationship (borrow, person, E, no_role, ...).

entity_relationship (borrow, book, E, no_role, ...).

local_region (borrow, book, person, n, n).
These two predicates of ’entity relationship’ represent two partial graphs that
represent a unit graph of a local region. An entity node can either be a weak entity
node W or an entity node E. In this Example both of the PERSON and BOOK are entity
nodes denoted as E. Both of PERSON and BORROW are non-role types (IS-A type)
denoted as "no_role". The cardinality of 'n, n’ in the predicate local_region means

there are n:m relationship between the entity node PERSON and BOOK .
The cardinality ’1, 1’ , ’1, n’ or ’n, 1’ specify the 1:1 and 1:n relationship
between two entity nodes respectively. The cardinality amongst multiple attributes

(more than two attributes) can also be defined according to the application.

The connection of an entity nodes and a relationship nodes in the local-region
specifies a main-arcs of the ERG that has two main_nodes(entity nodes and relation-
ship nodes). While the connection of an attribute and an entity nodes or a
relationship_node specifies a sub_arc that has a main-node (entity node or relationship
node) and a subnode (attribute). The information defined above sketch the skeleton of
an ERG. That is, the information of the sets of the unit graphs of an ERG ERG, = {U;
U; = leis rjs & ARC;j, ARCy, {a3}, {ajn}s {am}s {du}s {djm}s {din}, Ci,C,] can be
represented by data definition of an ERG .

The DDL of the unit graph is the basic definition of an ERG. Since the ERM can
be extended to an extended—ERM according to the implementation of the real world,
more predicates can be added to the ERG to represent an extended ERM . For example,
in the representation of a semantically clear ERM, the semantic regions such as

hierarchical region and inheritance region of an ERG can be represented as follows
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[Chen1987c]:

(1). HIERARCHICAL REGION: hierarchical (lentiy_name);, [relationship_name];, ...,
lentity_name),,, [relationship_name], ). This predicate defines a list of entity nodes

and relationship nodes in the hierarchical region.

(2). INHERITANCE REGION: inheritance (lentiy_namel;, [relationship_namely, ...,
[entity_name),, [relationship_name], ). This predicate defines a list of entity nodes

and relationship nodes in the inheritance region.

2.1. DATA TYPES FOR ATTRIBUTES OF RELATIONS

The first character of an attribute must be the character between the alphabet ’a’
to ’Z’and the length of an attributes must under 32. The hyphen is used as the recog-
nizer for type definition of the name of an attribute. Thus the alphabet of the name of

" 1n

attribute may be any character except the character "-". There are three basic types

which are defined in the Table 1.

type of attributes | representation | maximum number
character -c-000 3 digits

integer -n-000 3 digits

floating point -n-000-000 3-3 digits

Table 1. DDL of the type of attributes.

For example: The entity node person contains three attributes: address,

social security number , and salary .

(1). The attribute address, a list of characters with 32 character, is represented as

address-c-32.
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(2). The attribute security number, an integer with 9 digits, is represented as

security_number-n-9.

(3). The attribute salary, a floating point with 2 decimal points and 9 digits, is

represented as salary-n-9-2.

The data definitions of these attributes are:
(person address-c-32 no-key)
(person security_number-n-9 key)
(person salary-n-9-2 no-key).
Besides these basic data definition on the attributes, the user may define data

definitions according to the application.

2.2, STATIC CONSTRAINTS FOR USER’S INTERFACE

In the URERG (Universal Relation based on the ERG ), the semantic constraints of
the ERG can be automatically enforced to maintain the semantic integrity of the data-
base. The processing of a query of updating (modification, insertion, deletion) for the
global access of attributes is discussed in the chapter 5. Besides the semantic con-
straint of the ERG, a URERG do allow the user to define the domain of an attribute.
Since in a universal relation each attribute is uniquely defined in the database system,
the declaration of entity node or relationship node to which an attribute belongs to is
unnecessary. In a relational database system where universal relation assumption is
not applied, the declaration of the attributes in an entity node or a relationship node is

needed.

The static constraints of a database is desirable in a relational database
system[Nanc1983 ]. In a URERG , the user is allowed to specify the static constraint on
the attributes. For example, the maximum salary of an employee of a company is
defined as 100,000.00. If the input salary is higher than the maximum value, the sys-

tem may friendly notify the user. The predicate of constraint is declared as
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CONSTRAINT ( entity / relationship, attribute, type specification ).

The CONSTRAINT is the predicate for the specification of the static constraints.
The #ype is the declaration of the type of constraint. For example, user may use MAX
to specify the maximum value of salary of employees in a company. The different

types of constraints on URERG is summarized in the table 2.

SPECIFICATION TYPE SPECIFICATIONLIST

maximal value MAX | digital value

minimum value MIN digital value

range of value RAV | minimal value & maximal value

range of character | RAC | lower character & upper character

Table 2. Constraints of the attributes which users may specified.

Example 4: The information of a company is represented as [EMPLOYEE, WORK,
DEPARTMENT], where the entity node EMPLOYEE has attributes person_id, social secu-
rity number, salary, address, age, and etc. Constraints on these attributes may be
optionally specified as:

CONSTRAINT (employee salary RAV 400 20000)

CONSTRAINT (employee age MAX 55)

Since the dynamic constraints is always depend on the application, we will not

discuss the dynamic constraints in this chapter.

3. A UNIVERSAL RELATION QUERY LANGUAGE BASED ON ERG

A universal relation interface based on the ERG is quite different from the tradi-
tional approach to the universal relation. The traditional universal relation approach
always uses the functional dependency amongst attributes to allocate the access paths

of a query. These access paths are represented as maximal object [Ullm1983], or
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extension join [Sagil983]. For the ERG approach to the universal relation, the ERG is
used as the structure of the database and it also is employed as the fool to allocate the
access paths of a query on the universal relation interface. The theoretical survey of
the universal relation of the ERG approach are discussed in chapter 5. The universal
relation introduced by Ullman and Sagiv is just for the retrieval of information from
the representative instances. For the ERG approach to the universal relation, besides
the retrieval, the updating (modification, deletion, and insertion) of the representative
instances can be achieved by the enforcement of the semantic constraints of the data-

base represented by an ERG .

The benefit of using ERG as the theoretic basis of universal relation is that the
semantic integrity among physical instances of the relational database system can be
easily obtained, that is, the semantic integrity of updating the universal relation with
semantic structure represented by an ERG can be achieved within a constant semantic
transition level of the attributes that are to be updated [Chen1987c]. Thus in the ERG
approach to the universal relation, a query may be categorized into two types as
retrieval and updating. The syntax of the retrieval of the universal relation by the ERG
approach is similar to the system/U [Henr1984]. But the traditional universal relation
like system/U does not have the function of updating (insertion, deletion,

modification).

3.1. QUERY LANGUAGE OF THE UNIVERSAL RELATION BASED ON
ERG

On the universal relation based on the ERG the user is able to do a query which
may either be the query of retrieval or of updating (modification, insertion, deletion).
In this section we discuss the syntax of the query language on the universal relation

based on the ERG.
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The Syntax of the Universal Relation Based on the ERG :

A query on the universal relation based on the ERG contains target part and the
restriction part. The target part of a query consists of a list of attributes to be
retrieved; and the restriction parts of the query contains the predicates that define the

domain of the attributes to be retrieved.

The context free grammar of the universal relation query language by the ERG
approach is illustrated as follows :
<QUERY>::= <UPDATE> | <RETRIEVAL>.
<UPDATE>::= <MODIFICATION> | <INSERTION> | <DELETION> | <APPEND-
- ING>.
<RETRIEVAL>::= <TARGET PART> <RESTRICTION PART>.
<TARGET PART>::= [RETRIEVE] <AGGREGATE> <ATTRIBUTE_LIST>.
<ATTRIBUTE_LIST>::= [ATTRIBUTE] <ATTRIBUTE_LIST> | [ATTRIBUTE].
<RESTRICTION PART>::= <AGGREGATE> <RESTRICTION_LIST>.

<RESTRICTION_LIST>::=

€ | ( <RESTRICTION LIST> ) | <ATT_SET> <RESTRICTION_LIST> |
<RESTRICTION_LIST> <LOGIC PAIR>.

<ATT SET>::= [ATTRIBUTE] <LG> [ATTRIBUTE] | [ATTRIBUTE].
<AGGREGATE>::= £ | COUNT | SUM | AVG | MAX | MIN.
<LG>u=A|V|=|+|X|=]|0O.
<MODIFICATION>::=
[MODIFY] x [FROM] a [TO] b | [MODIFY] R [FROM] ( aj,..., &) [TO] (61, ...,
5) | IMODIFY] x ; [TUPLE] [FROM] (ay, ..., @;) [TO] (b1, -.., ;).
<DELETION>::=
[DELETE] t, x op a | [DELETE] x op a | [DELETE] r; (ay, ..., a;)-
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<INSERTION>::=
[INSERT] <INSERT_APPEND>.

<APPENDING>::=
[APPEND] <INSERT_APPEND>.

<INSERT_APPEND>::=

xa|x(x’)a(a’)r(ag .. a).
opi==|>|<|2|<

The query language of system/U contains only the function of retrieval. Brosda
proposed the theory of global consistency of modification, insertion, and deletion
through the Universal Relation by using the chase manipulation and extension join. In
the URERG , the control of the semantic integrity of a query of Update ( modification,
insertion, and deletion ) is obtained by the semantic constraints of the structure of the
relational database system represented in the ERG. Through the semantic control
based on the structure of the database represented by an ERG, the query ( Retrieval

and Update ) can be processed without losing the semantic integrity of the database.

In a URERG, a query language is categorized as either Retrieval or Update
(Modification, Insertion, and Deletion). The syntax of the query of retrieval on the
universal relation based on the ERG is the same as that of other universal relations.
That is, each statement of retrieval consists of two lists. The first list is a list of target
attributes to be retrieved. The second list is composed of a set of predicates that limit

the domain of the target attributes to be retrieved.
The syntax for the Update of the URERG are as follows:

(1). MODIFICATION : The modification of a relational database system on a univer-
sal relation interface can be categorized into two types - modification of attri-
butes of tuples and modification of tuples. In other words, a user can either

modify the attributes of tuples or the tuples of a relation of a relational database
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system without understanding the conceptual level of the database. A query of
modification can be processed according to the functions as follows:

(i). Modifying the value of an attribute from the value a to value b : [MODIFY] x
[FROM] a [TO] b.

(ii). Modifying of a tuple of a relation from a set of values to another set of values :

[MODIFY] R [FROM] ( ay,...,values a;) [TO] (&4, ..., b;).

(iii). Modification of a set of values of attributes to another set of values.
[MODIFY] x ; [TUPLE] [FROM] (a;, ..., ;) [TO] (b4, ..., &)

(2). DELETION : The function of deletion can be categorized as the deletion of the
specified attributes of a relation or the deletion of the tuples of a relation.

(1). Deleting the column of attribute x with value a : [DELETE] x op a; the values
in the column of attribute x which satisfy the condition will be deleted.

(i) Deleting the tuple of a relation of which contains a specified set of values :
[DELETE] r; (ay, ..., a;).

(3). Inserting and Appending : The only difference of the function of appending and
inserting is that the function of appending inserts the new tuple to the end of the
file of the relation while the inserting can be processed before or at the tuple
which satisfies the condition :

(i). Inserting or appending value to a primary key : [ INSERT / APPEND ] x a ;
the value a of attribute x is going to be inserted or appended.

(ii). Inserting or appending value a’ to the attribute x’ : [ INSERTION / APPEND-
ING] x (x’)a(a’); where x’ and x are in the same relation and the x is the
primary key with value a.

(iii). Inserting of a set of value to a relation : [ INSERTION / APPENDING] r (a;,

..» ;) ; Where r is a relation and (ay, ..., ;) is the tuple to be inserted or
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appended.

The universal relation based on the ERG allows the user to update the physical
representation of the database either through the universal relation representation (
attributes ) or through the relations of the conceptual level. The purpose of the per-

mission of the update through conceptual level is that it may apply a convenient

interface to the user.



CHAPTER 7
DISCUSSIONS AND CONCLUSIONS

A RDKER (Relational Database with Knowledge of ERG) can be viewed -on two
levels: the conceptual level and the physical level. The physical level of a RDKER
represents physical relations of entity nodes and relationship nodes. In the physical
level, there is no specific difference between entity nodes and relationship nodes.
Thus, both entity nodes or relationship nodes of an ERG are treated as physical rela-
tions in the physical level. The conceptual level of a RDKER contains the semantic
structure of the physical level represented in the ERG. That is, for each entity node or
relationship node in the conceptual level, there is one and only one relation in the phy-

sical level corresponding to it.

The semantic structure of a relational database can be widely applied in the
query optimization, dynamic constraints for updating (modification, insertion, dele-
tion) attributes, allocation of access paths on the Universal Relation interface, and
conversion of cyclic sub-query graphs to tree structures. To employ an ERM as the
semantic structure of a relational database system, more restrictions on the ERM are
needed. Thus, we define a semantically clear ERG such that it may be applied as the

structure of a relational database.

An ERG that is not a single entity node should be able to be represented by a
finite set of local regions. A local region contains a pair of entity nodes and a relation-
ship node that connects these entity nodes. Owing to the different semantic properties
of entity nodes and relationship nodes of an ERG, the ERG can be further grouped
into a set of different regions. These regions of an ERG may help consistency and

integrity control of a database.

By defining a database as an ERG, the integrity control for the updating of a data-

130
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base can be obtained by using the semantic structure of the ERG . The local constraints
of local regions of an ERG can be either applied to the static integrity checking or
dynamic integrity checking of a database. By using the updating propagation struc-
ture of a nodes in the ERG, the dynamic integrity control for the updating of that node

can be achieved.

In a RDKER, a query can be mapped onto the ERG to obtain a semantic struc-
tured query. A semantic structured query can be decomposed into a set of semantic
units represented by local regions. Then, ER-semijoin can be employed to process the

. query based on these local regions.

The semantics of a local region can always be reduced to its relationship. Thus,
to process two conjunctive local regions by using the ER-semijoin, the operation can
always be reduced to two relationship nodes. While, to process these two local
regions by the joining operation, five relations (three entity nodes and two relationship
nodes) have to be operated.

The comparison of employing the ER-semijoin with joining operation on the
processing of a local region is done using the coefficients of full semantic reduction.
The coefficient of full semantic reduction of a local region is categorized as spatial
coefficient and temporal coefficient of full semantic reduction. The range of spatial
and temporal coefficient of full semantic reduction of a local region is between zero
and one. That means for the best case, the ratio of space complexity by using ER-
semijoin to the ratio of that by using traditional join operator approaches zero. The
worst case is that the space complexity of using ER-semijoin on a local region are

equal to that exerting joining operation on that local region.

An ERG contains main-nodes and subnodes. A main-node represent a node of
entity type or relationship type; and a subnode that represent an attribute of a main-

node. For each subnode there is one and only one subarc which connects it to a
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main-node. On a universal relation a global set of attributes is assumed such that the
user’s view is a set of subnodes. For a query on a universal relation based on a RDKER

the access paths of a query can be allocated by mapping it to the ERG .

The ERG in a RDKER can be decomposed into a set of unit graphs, and a query on
this RDKER may be mapped on to the ERG to acquire a semantically structured graph
represented by a subgraph of the ERG. Then an ERQG can be obtained by adding the

relational operators of the query to this semantically structured ERG .

The query processing on an ERQG is independent of the user-friendly interface. It
is more stable to represent the structure of a query in an ERQG than to represent it in
the structure of a specific user-friendly interface. That is, we can use several interfaces
on the top of a relational database system for the user. A query may be processed on
different interfaces with the same ERQG representation. For a cyclic subgraph of an
ERQG, it can be converted to a tree structure such that we may use the efficient opera-
tor - ER-semijoin to process this acyclic graph. For a complex cyclic subgraph of an
ERQG or the TERQG (Target part of Entity-Relationship Query Graph) it can be pro-

cessed as an aggregation node.

On a universal relation interface of a relational database, the user does not have
to navigate the conceptual level. The universal relation proposed by Ullman and Sagiv
uses function dependency amongst attributes to allocate the access paths of a query.
We investigate a universal relation approach to a relational database by using seman-
tic structure of a relational database for the procéssing of a query on a universal rela-

tion interface.

The semantic structure of a relational database can be applied to the allocation of
the access paths and to the query decomposition of a query of a universal relation. On
this universal relation based on an ERG, the non-redundant ER assumption is made on

the ERG. The non-redundant ER assumption on an ERG ensures that for each pair of
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main-nodes in the ERG, there will be no redundant path which has duplicated seman-
tics. Thus for a query on a universal relation of a non-redundant ER, a unique
minimal semantic extended region on the semantic level can be allocated. The
minimal semantic extended region of a query has a corresponding minimal ERQG . For
a query on a universal relation interface, there exists one and only one ERQG in
corresponding to it. Then for an ERQG, we may use ER-semijoin operation to process
it.

A one-phase multiple interface system and a two-phase interface system that are
based on the structure of a relational database represented by an ERG are proposed.
For a one-phase multiple interface system, multiple relational query interfaces can be
built in the system. Thus the user may select any query interface in the system he
likes. The internal representation of a query on any interface of the system is

represented by an ERQG .

A two-phase interface system is to construct a user-friendly interface on top of a
relational database system. That is, we may construct a natural language interface or
universal relation interface on top of any other relational database system. A query on
such a user-friendly interface is represented by an ERQG. The ER-semijoin can be
used as an optimizing operation for the conversion of a query represented by an ERQG

to the query language of the underlying relational database system.

A universal relation interface can be built either on the two-phase interface sys-
tem or on the one-phase interface system. The universal relation interface based on
the ERG of the relational database has advantage that the static constraints can be
enforced by the semantic structure of ERG. The query interface of the universal rela-
tion based on the semantic structure contains the function of updating (modification,
insertion, deletion ) and retrieval, while the query on the system/U has only the func-

tion of retrieval.
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A relational database system is created by using C-prolog

on Vax/Unix. In this system, the following functions are
demonstrated :

(1). Entity-Relationship Graph defined by the Local Regions.
(2). ER-semijoin based on the ERG.

(3). A simple data input interface.

(4). A universal relation interface.
/****************************************************************/

JRsskodokokkadokosk ko sk sk skokskskokskolokokok sk (Jfy skekskeskokskokokskokskokok ok sk seskok ek sk ko sk ook sk /

*CONCATENATION OF TWO LISTS WITHOUT DUPLICATE ELEMENT */
cat_list([],X,X).

cat_list([A|B],C,Z):-member(A,C),!,cat_list(B,C,Z).
cat_list([A|B],C,[A|Z]):-!,cat_list(B,C,Z).

/* HEAD AND TAIL OF LIST */
tail([X[Y],Y).
head([X|Y],X).

ALIST INTERSECTION IS USED TO TEST WHETHER TWO ATTRIBUTE LIST OF
TWO DIFFERENT RELATIONS HAVE THE COMMON ATTRIBUTE.(INTERSECTION
IS NOT EMPTY) */

intersection({1,B,[]).

intersection([X|Y],B,[X|C]):-member(X,B),!,intersection(Y,B,C).

intersection([X|Y],B,C):-intersection(Y,B,C).

/*SEARCH WHETHER AN ATTRIBUTE IS IN AN LIST */
search_attribute(A,[A|C]).
search_attribute(A,[B|C]):-search_attribute(A,C).

/* The following rules copy one file to another */

file copy(F1,F2):- see(F1),tell(F2),
repeat,read(X),write(X),nl, .
(X=end_of_file,!,told(F2),seen(F1));
(write(X),fail).

/* THE RULE COLLECT A SUBSET OF A LIST WHICH DOES NOT CONTAINED
IN ANOTHER LIST */
not_sublist([],B,[]).
not_sublist([X]Y],B,[X|C]):-not(member(X,B)),!,not_sublist(Y,B,C).
not_sublist([X|Y],B,C):- not_sublist(Y,B,C).

/*FINDALL : COLLECT ALL POSSIBLE VALUES IN A LIST */
findall(X,G,_) :-
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asserta(found(mark)),

call(QG),

asserta(found(X)),

fail.
findall(_, ,L) :- collect_found([],M),!,L=M.
collect_found(S,L):-getnext(X),!,collect_found([X|S],L).
collect found(L.,L).
getnext(X) :-retract(found(X)),!, X == mark.

/* APPEND*/
append([1,X,X).
append([A|B],C,[A|D]):-append(B,C,D).

*MEMBER*/
member(X,[X|_]).
member(X,[_|Y]):-member(X,Y).

I*NEGATION*/
no(P):-call(P),! fail.
no(P).

/* REVERSING A LIST */

rev([),[D).
rev([H|T],L) :- rev(T,Z),append(Z,[H]L,L).

/* GET THE LAST ELEMENT OF A LIST */
last(X,[X]).
last(X,[_|Y]):-last(X,Y).

/* SEPARATE A LIST INTO LAST AND REMAINING LIST */
abstract_tail(X,[X],[1).
abstract_tail(X,[Y|Z],[Y|T]):- abstract_tail(X,Z,T).

* MERGE TWO PATHS INTO A COMBINED PATH: e.g. [1,2,3,d,f,8,p,q,1]
AND [1,2,3,v,p,q,r] WILL BE MERGED INTO [1,2,3,[[f,g].[v]],p,q.r] */
merge(A,B,C):- merge_head(A,B,H,T1,T2),merge_tail(T1,T2,H1,H2,T),
rev(T, Ts),append(H, [[H1][H2]]1,S),append(S,Ts,C).

/* MERGER THE SAME HEADS OF TWO LISTS */
merge_head([X]|Y1],[X|Y2],[X[HO],P,Q):- merge_head(Y1,Y2,HO,P,Q).
merge_head(U,V,[],U,V).

/* MERGE THE SAME TAILS OF TWO LISTS */
merge_tail(T1,T2,P,Q,T):- abstract_tail(S,T1,H1),
abstract tail(S,T2,H2),
!, merge tail(H1,H2,P,Q,TT),T=[S|TT].
merge tail(X,Y,X,Y,[]).

/* TAKE AN SPECIFIC ELEMENT AWAY FROM A LIST */
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exclude(S,[1,[D.
exclude(S,[S|T],G):- exclude(S,T,G).
exclude(S,[H|T],[H|T1]):- exclude(S,T,T1).

Rtk skskeok skskokskok ok ok sk skokeofoke sk ook sk ok ok ok stk sk ok ok dbil skokeskook skoke sk sk skok sk ok ok sk sk stk sk okok skeok sk skl sk ko ok stk ok f

/* INPUT STRING WHICH IS ENDED BY "RETURN" */

reading_1(Z):- tab(2),getO(X),check_end(X,Z).

check_end(10,[]).

check_end(27,[D).

check_end(X,[W|W1]):- readword(X,W,X1),W ==[],restsent(X1,W1),!.

reading([W]|W1]):-tab(2),get0(X),readword(X,W,X1),W ==[],restsent(X1,W1),!.

reading([]):-!.

restsent(10,[1):-!.  /*The rest of the sentence is empty */

restsent(X,[W2|W1]):-readword(X,W2,X1), W2 ==[], restsent(X1,W1).

restsent(_,[]):-!.

readword(C,W,C2):-in_sp_word(C,NewC),!,get0(C2),name(W,[NewC]).

readword(C,W,C2):-in_sp_word_1(C,NewC),get0(C3),chk_name(W,NewC,C3,C2).

chk_name(A,60,62,C2):- !, name(A,[60,62]), get0(C2).

chk_name(A,B,C,C2):- C == 61,!,name(A,[B]),C2=C.

chk_name(A,B,C C2) !,name(A,[B,C]),get0(C2).

readword(C,W,C2):-in_sp_word_1(C,NewC),!,get0(C1),ck_restword(C,C1,Cs,C2,W),
name(W,[NewC|Cs]).

ck_restword(C,61,Cs,C2,W):- get0(C2),name(W,[C,61]),write(here0).

ck_restword(60,62,Cs,C2,W):- get0(C2),name(W,[60,62]).

ck_restword(C,C1,Cs,C2,W):- restword(C1,Cs,C2),write(oi),put(C),put(C1),

name(W,[NewC|Cs]).

readword(C,W,C2):-in_word(C,NewC),!,get0(C1),restword(C1,Cs,C2),
name(W,[NewC|Cs])).

readword(10,[], ):-!. /*The first letter is "return" */

readword(_,W,C2): -getO(Cl),readword(Cl W,C2).

restword(C,[1,C2):- (in_sp_word(C,NewC);in_sp_word_1(C,New(C)),!,C2=C.

restword(C,[NewC|Cs},C2):-in_word(C,NewC),!,get0(C1),restword(C1,Cs,C2).

restword(C,[1,C).

/* THE COMMON CHARACTERS FOR ALL LANGUAGES */
in_word(X,Y) :- language(L),m w(X,Y,L).

in_word(X,Y) :- in_w(X,Y,all).

in_sp_word(X,Y):- language(L),in_spw(X,Y,L).
in_sp_word_1(X,Y):- language(L),in_spw_1(X,Y,L).

/* LANGUAGE s_u IS DEFINED AS SIMPLE BASED ON UNIVERSAL RELATION
INTERFACE*/

language(s_u).

/* These characters can appear within a word in any language */

in_spw(40,40, ). * */

in_spw(41,41, ).

in_spw(61,61, ).
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1* > < ¥/
in_spw_1(60,60,s_u).
in_spw_1(62,62,s_u).

/* These characters can appear within a word in ahy language */
in_w(95,95, ). * */
in_w(45,45, ). * - */

in_w(C,C, ):- C>96,C < 123. /* lower case a..z */
in_w(C,C, ):-C>64,C<91. /*uppercase A.Z*/
in w(C,C, ):-C>45,C<58. /*./012---9 */
in w(C.C, ):-C>38,C<44. /* *()*+ *

in w(CC, ):-C>59,C<63. /* <=> */

/*s_u (SIMPLE BASED ON UNIVERSAL RELATION INTERFACE */
in_w(58,95,s_u). /* 1=>_ */

/* These characters can appear within a word in any language */

in_w(126,126,p).

in_w(35,35,p).

in_w(27,27,p).

in_w(63,63,p).

in_w(58,95,p).

in w(C,C,p):-C>64,C <91.

/* These characters can appear within a word in ML */

in_w(37,37,m).

in_w(58,58,m).

in_w(91,123,m).

in_w(44,38,m).

in_w(C,D,m) :-C > 64,C <91, Dis C +32.

/* These characters can appear a word in ELL. */

in_w(44,38,e).

in_w(58,58,e).

in_w(C,D,e) :-C>64,C <91,Dis C +32.

base:- all_att,att of entity(At_e), asserta(att_of_entity(At_e)),
att_of relatlonshlp(At r), asserta(att_of relationship(At. r)),
att_ of _entity _1(At_e_1), asserta(att_of_entity_1(At_e_1)),
att of _relationship_ l(At r 1),
asserta(att of relationship_ l(At r_1)),att_of all(Att_a),
asserta(att_of_all(Att_a)),att_of . all _1(At_a 1),
asserta(att_of all 1(At a_1)),
e r set(L1,L2),
nl,nl,nl,nl,nl,nl,nl,
write(’********************************************************’)’
nl,write(’** ENTITY RELATIONSHIP MODEL BASED RELATIONAL
DATABASE SYSTEM ***’),
nl,wﬁte(’********************************************************’)

,nl,nLkeyword.
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keyword:- base_infol,read_more(A,B),'.
head(B,C),name(C,D),head(D,G),
lower(G,Z),!,check(Z).
read_more(W,K):- reading(A),A == [],!,K=A.
read_more(W ,K):- read more(Q,K)
lower(X,Y):- X < 96,!,Y is X+32.
lower(X,Y):- Yis X.
check(113):- query_help(A).
check(117):- write("Undo; Please select keyword again ’),nl,! keyword.
check(105):- !,call_inputdata,!,keyword.
check(101):- halt.
check(114):- !,write("Execution Begin’),nl,write(’To be finished’),
nl,!.keyword.
check():- write(’Please select correctly’),! keyword.
call_inputdata:- input_data.
call inputdata:-!.
base_infol:- write(’ Input Data:i/I Query: q/Q Undo:u/U Run:ir/R’),
write("  Exit:e/E’),nl,write(’ =====>"),

/*The following rules testing the input string */
print_test(W):-nl,write(’ String of input is:’),!,print_screen(W).
print_screen([]):-!.

print_screen([W1/W21):-W1 ==[],!,write(W1),write(’ ’),print_screen(W2).
/**************************** db3 ***************************/

entity_relationship(order,offer,card1,no_role,’ord_id-c-8’).
entity _relationship(customer,offer,cardn,no_role,’cust_id-c-8’).
entity_relationship(product,place_on,cardn,no_role,’prod_id-c-6’).
entity_relationship(order,place_on,cardn,no_role,’ord_id-c-8’).
relationship_type(offer,’quantity-n-7’,no_key).
entity_type(order,’ord_id-c-8’ key).
entity_type(order,’ord_date-c-8’,no_key).

entity type(order,’shi_date-c-8”,no_key).

entity _type(customer,’cust_id-c-8’ key).
entity_type(product,’prod_id-c-6’ key).
basic_rel(offer,’quantity’,no__key).

basic_entity(order,’ord_id’ key).

basic_entity(order,’ord_ _date’,no_key).
basic_entity(order,’shi_date’,no_key).

basic cnuty(customcr, cust_id’ key).
basic_entity(product,’prod_id’ key).

[k sokkskdokokodkdokok ok sokskokokoskfofokok ok skokkok (Jlag Aeokakokakokokokokoskokkokokok skeokoskotokskokok skskokokokokok

/* INTERFACE FOR INPUT DATA OF DATABASES. THE INFORMATION IS
STORED AS FACT OF RELATION */
input_data:- display all rel(Z),nl,
write(’ Please input the relation name===> ’),!,reading(Relation),
abstracting(Relation,Y),rel_exi(Y,Z).
abstracting([1,[1):- !
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abstracting(A,B):- head(A,B).

rel_exi(A,B):- member(A,B),!,data_input(A).

rel_exi(A,B):- nl,write(’Relation ’),write(A),write(’ does not exist’),nl,
write(’ select relation name again ? (y/n) ’),reading(P),
str_test(P),!,input_data.

str_test(P):- P==[].
str_test(P):- !,head(P,Q),name(Q,R),head(R,T),lower(T,S),(S ==78,
S ==110).
/* DISPLAY THE ATTRIBUTES OF A RELATION; ASK USER WHETHER TO INPUT
DATA OR NOT;*/

data_input(Rel):- display_rel(Rel,Attlist),nl,write( *input data ? (y/n) *),

length(Attlist,N),!,

reading(X),str_test(X),

Linput_tuple(Rel,N).

/* INPUT A TUPLE OF A RELATION. USER MAY INPUT DATA RECURSIVELY*/
input_tuple(Rel,N):- Y=[Rel],input_value(Rel,N,Y,N,W).
input_value(Rel,M,Y,N,W):- reading_1(Value),chk_value(Value,Rel,N),

write(’ continue? (y/n) ’),

reading(A),!,str_test(A),

input_tuple(Rel,M).

chk_value(Value,Rel,N):- length(Value,Ln),Ln == N,
append([Rel],Value,Y),
G=.Y,
tell(prog_tem),assert(G),nl,write(G),put(46),
told,system("cat prog_tem>>prog_out").

chk_value(Value,Rel,N):- nl,write(’ **** Error ****’) nl,
write(’ **** Correct number of attributes should be’),
write(’ : °),write(N).

/* SHOW ALL RELATIONS OF THE DATABASE ON THE SCREEN */
display_all_rel(Z):- e_r_set(E,R),append(E,R,X),display_relation(X,Z),nl.
display_relation([],W):- !,write(’No relation exists’).
display_relation(Y,W):- nL,write(’ All of the relations in the database are:’),

nl,V=[],disp_rel(Y,V,Z,W),tab(2).
disp_rel([],.L,Z,W):- !, W=L.,
disp_rel([A|B],L,Z,W):-tab(2),head(A,C),write(C),!,append(L,[C],Z),
disp_rel(B,Z,Q,W).
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query_help(X):- e_r_set(A,B),
nl,write(’ *** ERM-BASED DATABASE QUERY SYSTEM %),
nl,write(’ L : LIST ALL ATTRIBUTES’),
nl,write(’ F : FIND COMMAND?’),
nl,write(’ P : PUT COMMAND’),
nlL,write(’ R : RUN/EXECUTE THE QUERY’),
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nl,write(’ B : BACK TO THE PREVIOUS STATUS’),
nlLwrite(’ E : EXIT THE SYSTEM?’),
nl,write(’ ====>"),reading(Ans),
head(Ans,Al),name(A1,A2),head(A2,A3),lower(A3,A4),
q_select(A4,X).

/* L%/ ,

q_select(108,A):- att_of all 1(Atts),print_screen(Atts),

query_help(A).

/* R */
q_select(114,A):- nl,write("'TO BE FINISHED LATER’).

/* B */
q_select(98,A):- base.

*E */
q_select(101,A):- halt.

I*F */
q_seleci(102,A):- univ_query(Target,Restrict,R_Summary),
query_parsing(Target,Restrict,L),
parsing_flag(L,Target,Restrict,R_Summary).
parsing_flag(0,Target,Restr,R_Summary):-
concate_phrase(Restr,T1,T2,Restr_phrase),
par_convert(Restr_phrase,R_Ist),
* sim_par([Restr_list],R 1),R_Ist=R_1],*/
att_vs_entity(Target,E_Target),
target reg(E_TargetR1,T g,L),
p_f_1(L,Target,R1,Restr,R_Summary,Restr_phrase,R_Ist,E Target).

parsing_flag(O,T,R,RS):- nl,write(’Please do the query properly’),
!,query_help(Y).

p_f 1(0,Target,R1,Restr,R_Summary,Restr_phrase,Restr_list, E_Target):-
att_vs_entity(R_Summary,Entity_Restr),
delete_duplicate(Entity_Restr,E_Restr),

/* print_test(Target), print_test([R1]),print_test(Restr),
print_test(Restr_phrase),
write('restrict list is”),write(Restr_list),*/

* print_test(R_Summary),print_test(E_Target),
print_test(E_Restr), */
q_run(Target,R1,Restr_list,E_Target,E Restr,R_Summary),
!,query_help(Y).
p_f 1(O,T,R1,X1,X2,X3,X4,S):- nl,write(’Please do the query properly’),
!,query_help(Y).

/* START THE FIND COMMAND */
univ_query(Target,Restrict,R_Summary):- write("Find : ’),!,
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chk_target(Target,Restrict, R_Summary).

/* CHECKING ATTRIBUTE LIST OF INPUT FROM TARGET LIST */

chk_target(Target,Restrict,R_Summary):- att_of _all_1(L),!,take_query(Target),
not_sublist(Target,L,A),
act_target(A,Restrict,L, R _Summary).

/* THE INPUT OF THE RESTRICTION LIST */

act_target([],Restrict,L,R):- write("Where :’),tab(2),
take query(Restrict),
att_summary(Restrict,R),
not_sublist(R,L,A),
chk_restrict(A).

/* GO BACK TO THE INPUT OF THE TARGET LIST */
act_target(A,Restrict,L):- write(’the attributes is not correct’),
print_screen(A).

/* CHECKING WHETHER RESTRICT LIST IS PROPER */
chk_restrict([]).
chk_restrict(A):- nl,write(’ **** The following input list is not’),
write(’ correct : ’),nl,print_screen(A).
/* P */
q_select(112,A):- write("Put :’),
write(’here is put’).

/* OTHERS */

q_select(_,A):- write(’Select /L, f/F, or p/P’).
take_query(List):-reading(L),query_continue(L1),append(L,L1,List).
query_continue(A):- tab(9),reading_1(B),test_list(B,A).
test_list([],[1).

test_list(B,A):- query_continue(C),append(B,C,A).

/* LIST OF ALL NAMES OF ALL RELATIONS OF REPRESENTATIVE DATABASE */
all_relations(A):- all_entity(B),all_relationship(C),cat_list(B,C,A).

/* LIST OF ALL NAMES OF ALL ENTITY TYPES */
all_entity(A):- e_set(L),head_list(L,A).

/* LIST OF ALL NAMES OF ALL RELATIONSHIP TYPES */
all_relationship(A):- r_set(L),head_list(L,A).

/* COLLECT ALL HEAD OF SUBLIST OF A LIST INTO A LIST ¥/
head_list([1,[]).
head_list([H[T],S):-head(H,H1),head list(T,S1),cat_list((H1],51,S).

/*LIST OF ALL ATTRIBUTES OF ALL RELATIONS */
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att_of all(A):- att_of entity(B),att_of relationship(C),
cat_list(B,C,A).

/* LIST OF ALL ATTRIBUTES OF ALL RELATIONS WITHOUT
INFORMATION OF "key" OR "no_key" */
att_of _all_1(A):- att_of entity_1(B),att_of_relationship_1(C),
cat_list(B,C,A).

/* LIST OF ALL ATTRIBUTES OF ALL ENTITY TYPES */
att_of_entity(A):- e_set(L),tail list(L,A).

/* LIST OF ALL ATTRIBUTES OF ALL ENTITY TYPE WITHOUT INFORMATION
"key" OR "no-key" */ :
att_of entity 1(A):- att_of entity(B),head_list(B,C),abs_list_att(C,A).

/* LIST OF ALL ATTRIBUTES OF ALL RELATIONSHIP TYPES WITHOUT
INFORMATION OF "key" OR "no-key" */
att_of relationship 1(A):- att_of_relationship(B),head_list(B,C),
abs_list_att(C,A).

/* LIST OF ALL ATTRIBUTES OF ALL RELATIONSHIP TYPE */
att_of relationship(A):- r_set(L),tail_list(L,A).

/* COLLECT ALL TAIL OF SUBLIST OF A LIST INTO A LIST */
tail_list({],[1).
tail list([H|T],S):- tail(H,H1),tail_list(T,S1),cat_list(H1,S1,S).
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/* MERGE TWO PATHS INTO A COMBINED PATH: e.g. [1,2,3,d,f,8,p,q,r]
AND [1,2,3,v,p,q,r] WILL BE MERGED INTO [1,2,3,[[f,g],[v]],p,q,1] */
merge(A,B,C):- merge_head(A,B,H,T1,T2),merge_tail(T1,T2,H1,H2,T),
rev(T, Ts),append(H, [[H1|[H2]11,S),append(S, Ts,C).

/* MERGER THE SAME HEADS OF TWO LISTS */
merge_head([X|Y1],[X|Y2],[X|HO],P,Q):- merge_head(Y1,Y2,HO,P,Q).
merge_head(U,V,[1,U,V).

/* MERGE THE SAME TAILS OF TWO LISTS */
merge_tail(T1,T2,P,Q,T):- abstract_tail(S,T1,H1),
abstract_tail(S,T2,H2),
!, merge_tail(H1,H2,P,Q,TT),T=[S|TT].
merge_tail(X,Y,X,Y,[]).

paths(X,Y,L1):- setof(L,go(X,Y,L),L1).
go(Start,Dest,Route) :- goO(Start,Dest,[],R),rev(R,Route).

go0X, X, T,[X|T]).
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goO(Place,Y,T,R) :- legalnode(Place,T,Next),
go0O(Next,Y,[Place|T],R).

legalnode(X,Trail,Y) :- (a(X,Y) ; a(Y,X)),not(member(Y,Trail)).

a(X,Y) :- entity_relationship(X,Y,A,B,C).

/* COLLECT ATTRIBUTES OF ENTITY TYPE AND RELATIONSHIP TYPE */
e_r_set(L1,L.2):-(e_set(L1);true),(r_set(L2), true),asserta(e set(LL1)),
asserta(r_set(L2)).

/* COLLECTION OF ATTRIBUTES AND ROLES INTO A SUBSET OF LIST OF
ALL ENTITY TYPES */
e_set(L1):- setof([X|L],set_entity(X,L),L1).

/* COLLECTION OF ATTRIBUTES AND ROLES INTO A SUBSET OF LIST OF ALL
RELATIONSHIP TYPES */
r_set(L1):- setof([X|L],set_relationship(X,L),L1).

/* THE RULE COLLECT ATTRIBUTES AND ROLES OF SAME ENTITY TYPE
INTO A LIST */
set_entity(X,L):- setof ([Y|[Z]],entity _type(X,Y,Z),L).

/* THE RULE COLLECT ATTRIBUTES AND ROLES OF SAME RELATIONSHIP TYPE
INTO A LIST */
set_relationship(X,L):- setof(['Y|[Z]],relationship_type(X,Y,Z),L).

*ABSTRACT THE ATTRIBUTE LIST FROM A SPECIFIC RELATION NAME */
take_rel_name([],ReL,[]) :- !.

take rel name([A|B],Rel,Z):- head(A,X), X==Rel,!,tail(A,Z).

take_rel name([A|B],Rel,Y):- !,take rel name(B,Rel,Y).

/* 1.CHECKI WHETHER THE RELATION IS IN AN ENTITY LISTORIN A
RELATIONSHIP LIST. 2 RETURN THE ATTRIBUTE LIST OF THE
RELATION #*/ _

check_rel(Relation,Attlist):- e_r_set(E,R),append(E,R,X),
take_rel name(X,Relation,Attlist).

/* INPUT DATA OF A RELATION CORRESPONDING TO THE ATTRIBUTE LIST */
display_tuple(f]):- !
display_tuple([A|B]):- head(A,X),write(X),tab(2),!,display_tuple(B).

/* DISPLAY ALL OF THE ATTRIBUTES OF A RELATION */
display_rel(X,Attlist):- tab(3),check rel(X,Attlist),display tuple(Attlist).

/*ABSTRACT NAMES OF ATTRIBUTES: e.g. abcd-c-8 => abcd */
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abstract_name(X,X1):- name(X,Y),abs_name(Y,Y1),name(X1,Y1).
abs_name([A[B],[]):- A ==45.

abs_name([A|B],[A]):- B==[].

abs_name([A[B],[A|W]):- abs_name(B,W).

/* ABSTRACT WHOLE NAMES OF ATTRIBUTE LIST */
abs_list_att([A|B],[A1]):- B == [],!,abstract_name(A,Al).
abs_list_att([A|B],[A1{W]):- abstract name(A,Al),abs_list_att(B,W).

/* AN ABSTRACTION LIST OF ATTRIBUTES FROM RESTRICTION LIST */
att_summary([],P):- P=[].
att_summary([A|B],[A|W]):- not(member_predicate(A)),!,

att summary(B,W).
att_summary([A[B],P):- member_comp(A),B == [],!,tail(B,B1),att_summary(B1,P).
att_summary([A|B],P):- !,att_summary(B,P).

/* INPUT A: AN ATTRIBUTE LIST; OUTPUT B: AN ENTITY TYPE LIST.
(FIND THE ENTITY TYPE OF EACH ATTRIBUTE AND CONCATENATE THEM
IN A LIST */
att_vs_entity([1,[D).
att_vs_entity([A|T],[B|W]) :- not(member(A,T)),
(basic_entity(B,A,P); basic_rel(B,A,P1)),!,
att_vs_entity(T,W).
att_vs_entity([A|T],W):- att_vs_entity(T,W).

DELETE REDUNDANT MEMBER OF A LIST. A: INPUT LIST; B: OUTPUT
LIST WITHOUT DUPLICATE ELEMENT */
delete_duplicate([],[]).
delete_duplicate({A|T],[A|W]) :- not(member(A,T)),delete_duplicate(T,W).
delete_duplicate([A|T],W) :- delete_duplicate(T,W).
/******************************db 1*******************************/
/* ADDS ATTRIBUTES TO THE SUITABLE RELATIONS */
all_att:-(add_attributel (relationship_type(X,Y key));true),
(add_attribute2(entity_type(A,B,no_key));true),
all_relation,rel_generate.

/*ADDS THE ATTRIBUTES WHICH CONSTITUTE THE PRIMARY KEY TO THE
RELATION OF n:m RELATIONSHIP (ADD KEYS TO THE RELATIONSHIP) */
add_attributel(relationship_type(Y,V key)):- entity_relationship(X,Y,cardn,U,V),
entity _relationship(Z,Y,cardn,T,W),
not(relationship _type(Y,V key)),
assert(relationship type(Y,V key)),
fail.

/*ADDS THE ATTRIBUTES WHICH CONSTITUTE THE PRIMARY KEY TO THE
RELATION OF 1:m RELATIONSHIP (ADD KEYS TO THE RELATIONSHIP) */
add_attributel(relationship_type(Y,V,key)):- entity_relationship(X,Y,card1,U,V),
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entity_relationship(Z,Y ,cardn,T,W),
not(relationship_type(Y,V key)),
assert(relationship_type(Y,V key)),
fail.

/*ADDS THE ATTRIBUTES OF 1:m RELATION (ADD KEY OF ENTITY TO THE
ENTITY OF ITS DEPENDENCY OR ITS EXIST DEPENDENCY */
/*add_attribute2(entity _type(X,W,no_key)):- entity_relationship(X,Y,card1,U,V),
entity_relationship(Z,Y ,cardn,T,W),
X == Z,assert(entity_type(X,W,no_key)),
fail. */ '

/* FIND ALL INSTANCES OF DATABASE */
all_relation:- findall(X,(entity_type(X,Y,Z);relationship_type(X,Y,Z)),S),
delete_duplicate(S,W),assertz(rel_set(W)).

/* GENERATE SET OF RELATION THAT HAS THREE ITEMA:RELATIONAL
NAME, ATTRIBUTE SET OF THAT RELATION, KEY OF THAT RELATION */
rel_generate:- rel_set(X),create_rel(X).

create_rel([]).
create_rel([X|R]):- rel(X,Y,Z),! take att name(Y,Y1),
l,asserta(rel_info(X,Y1,2)),!,create_rel(R).

/* THE RELATIONS(TABLES) OF THE DATABASE SYSTEM */

rel(X,Y,Q):- entity type(X,Q1,key),!,abstract name(Q1,Q),!,
check_rel(X,Y0),!,concate_att(Y0,Y).

rel(X,Y,Q):- relationship_type(X,Q1,key),!,abstract name(Q1,Q),!,
check_rel(X,YO0),concate_att(YO0,Y).

take_att name([],[]).
take att_name([A[B],[A1|B1]):- abstract name(A,Al),take att name(B,B1).

concate_att([],[]).

concate_att([A|B],[A1/B1]):- head(A,Al),concate_att(B,B1).
/**************************db 2********************************/

/* ALL PREDICATE DEFINED IN THE SYSTEM */
predicate(X):- Y = [and,or,>,>=,<,<=,=,<>,not],name(C,[40]),
name(D,[41]),append([C],[D],E),append(E,Y,X).

/* CONJUNCTION LOGIC,NEGATION LOGIC, AND PARENTHESIS */
symbol(X):- Y = [and,or,not],name(C,[40]),
name(D,[41]),append([C],[D],E),append(E, Y,X).

/* CONJUNCTION LOGIC */
logic(X):- X = [and,or].

I* COMPARATIVE LOGIC */
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comp_logic(X):- X = [>,>=,<,<=,=,<>].

/* NEGATION */
negation(X):- X = [not].

*CHECKING WHETHER AN ELEMENT IS MEMBER OF "logic(defined above)"
OR NOT */
member_logic(A):- logic(X),member(A,X).

*CHECKING IF AN ELEMENT IS MEMBER OF "comparative logic(defined above)" */
member_comp(A):- comp_logic(X),member(A,X).

/* CHECKING MEMBER OF NEGAION */
member_negation(A):- negation(X),member(A,X).

/* CHECKING MEMBER OF "symbol(defined above)" */
member_symbol(A):- symbol(X),member(A,X).

/* CHECKING MEMBER OF PREDICATE */

member_predicate(A):- predicate(X),member(A,X).
/***************************db 3**********************************/

/* THE FOLLOWING RULE CONCATENATE THE RELATIVE PHRASE OF
RESTRICTION PART INTO S LIST */
concate_phrase([],[],[1,[]).
concate_phrase([P|Q],J,W,[[P]|T]):- what_next([P|Q]),
(not member_comp(P),not member_negation(P))
,concate_phrase(Q,J,W,T).
concate_phrase([P|Q],J,W,[Fi|T]) :- head(Q,Th),
member_comp(Th),
concate_restr(Q,J,W,S),
append([P],W Fi),
concate_phrase(J,D,M,T).

concate_phrase(R,J,W,[W|T]) :- concate_restr(R,J,W,S),!,
concate_phrase(J,D,M,T).

/* CONCATENATE THE REMAINING OF ">=,<>,<=,=,not" TO THE LIST */
concate_restr([A[B],G,[A][W]],S) :- (member_comp(A); member_negation(A)),!,
head(B,W),tail(B,G).

*CHECKING NEXT ELEMENT IS NOT AN ELEMENT OF A LIST:
(">=,<>,<=,="), ¥/

what_next([]).

what_next([A|B]) :- B ==[].

what_next([A|B]) :- head(B,B1),!,(not member_comp(B1)).

/* PARSE BOTH TARGET PART AND RESTRICT PART */
query_parsing(Target,R_List,L) :- !,parsing_target(Target),



parsing_restr(R_List,L).

/* PARSING OF THE TARGET PART */
parsing_target(Target).

/* PARSING OF THE RESTRICT PART: 1. CHECKING THE PARENTHESIS.

parsing__resu'(R_List,L) :- chk_parenthesis(R_List,0,M,L).

/* 2. CHECKING THE NUMBER OF PARENTHESIS AND MAPPING THE
PARENTHESIS */

chk_parenthesis([1,0,M,0).

chk_parenthesis([],N,M,1):- nl,write(’Parenthesis doesnot match’).

chk_parenthesis(X,N,M,1) :- N < O,nl,write(’Parenthesis doesnot match’).

chk_parenthesis([A[B,N,M,L) :- A =="(C,Mis N+1,!,
chk_parenthesis(B,M,O,L).

chk_parenthesis([A|B],N,M,L) :- A ==")’ M is N-1,
!,chk_parenthesis(B,M,O,L).

chk_parenthesis([A|B],N,M,L) :- !,chk_parenthesis(B,N,M,L).

/* CONVERT LIST WHICH CONTAINS [(] AND [)] INTO A NESTED LIST:
e.g. [a,[(,b,c,D].d,e] ==> [a,[b,c].d.e] */
par_convert(In,Out) :- left par(In,N),N> O,par_convert_1(In,Out,N,M).
par_convert(In,In).
par_convert_1([],[],N,M).
par_convert_1([H|T],[H|{Tout],N,M) :- H==["(’],
par_convert_1(T,Tout,N,M).
par_convert_1([[’C]ITL,[Y|Tout],N,M) :- p_x(T,X,T1,P,1),
par_convert(X,Y),
par_convert(T1,Tout).

/* CONVERT THE LIST BETWEEN FIRST [(] AND LAST [)] INTO ’[’ AND
p_x([[’Y1ITL[],T,N,1).
p_x(("CITLIC C1IT1],A,N,M):-
Pis M+1,p x(T,T1,A,N,P).
p_x(([")’1ITLI")’]T1],ANM):-
Pis M-1,p x(T,T1,A,N,P).
p_x([HIT]’[HITl]’A:N’M) - P_X(T,TlaA;N»M)-

left_par(In,Num) :- element count(In,0,Num).

/* COUNT THE NUMBER OF AN ELEMENT IN A LIST */
element_count([],Num,Num).
element count([I1|I2],N,P):- I1==["(],
element_count(I2,N,P).
element count({I1|12],N,P):- Num is N+1,element_count(I2,Num,P).
* REMOVE THE REDUNDANT PARENTHESIS */

s_par([1,[D).
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*/

s]’ */
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s_par([A[B],[A|B1]):- atomic(A),s_par(B,B1).
s_par([A|B],[A1|B1]):- s_par_1(A,Al),s_par(B,B1).

/* REMOVE REDUNDANT PARENTHESIS FOR EACH SUB-STATEMENT */
s_par_1([1,{])-

s_par_1([A],P):- not(atomic(A)),length([A],1),s_par_1(A,P).

s_par_1([1,[]).

s_par_1([H|T],[H|T1]):- atomic(H),s_par_1(T,T1).

s_par_1(A,B):-s_par(A,B).

/*************************db okseseokokskokdkstokofokokofok sk kokokskodeok ok stk sk f

/* ANALYZING THE LOCAL REGION OF TARGET PART */
target_reg(T_R,R,L,C1) :- rel_exist(T_R,L,R,C1,W).

/* WHETHER SINGLE RELATIONSHIP EXIST IN THE LOCAL REGION */
rel exist([],L,W,0,W).
rel_exist([H|T],L,H,C,W):-entity_relationship(A,H,B,F,D),member(H,L),

s_nd(H,L1),!,rel_exist 1(T,L1,H,C).
rel_exist([H|T],L,R,0,W):-entity_relationship(H,A,B,K,D),

s nd(H,L),!,rel_exist(T,L,R,C,H).
rel_exist([H|T],L,R,C,W):-entity relationship(H,A,B,K,D),

s_nd(H,L1),intersection(L,L.1,[R]),

s_nd(R,L2), rel_exist_1(T,L2,R,C).
rel_exist([H|T],L,R,1,W):- nl,write("The attribute set of the target part is ’),

write(’not in the proper region’).

rel_exist_1([1,L,R,0).

rel_exist_1([H|T],L,R,C):-member(H,L),!,rel_exist_1(T,L,R,C).

rel_exist_1([H|T],L,R,1):- nl,write(’The attribute set of the target part is *),
write(’not in the proper region’).

/* SURROUNDING REGION OF AN ENTITY TYPE OR RELATIONSHIP */
s_nd(A,[A[L]):- findall(X,entity_relationship(A,X,B,C,D),L),L==[].
s_nd(A,[A|L]):- findall(X,entity relationship(X,A,B,C,D),L).

/************************iﬁ**db §skakesieskokoksfoo ok skskok stekeoskodok sk skeskok sk skokok kol sk ok /

/* MANIPULATION OF ACCESS PATHS OF USER’S QUERY */
/*Paths  : ALIST OF LISTS FROM TARGET TO EACH DESTINATION */
/* Ps : ALIST OF ALL ACCESS PATHS */

/*Main  : MAIN ACCESS PATH. */

/*M_set :MAIN SET OF ACCESS PATH. */

/*M_nodes : ALL NODES OF MAIN SET OF ACCESS PATH(M set) */

/* Inter - nodes: ALL NODES THAT ARE INVOLVED IN MORE THAN TWO */

/* ACCESS PATHS */

access_paths(Start,Nodes,Paths,Ps,Main,M_set,M nodes,Inter_nodes):-
find_paths(Start,Nodes,Paths,Ps),find_main(Ps,Main,Start),
main_set(Paths,Main,M_set),main_node(M_set,[],M_nodes),
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access_nodes(Ps,Inter_nodes).

/* FIND THE ACCESS PATHS OF USER’S QUERY */

find_paths(Start,[1,[1,[]).

find_paths(Start,[H|T],[P1|Pt],Ps):- paths(Start,H,P1),find _paths(Start T,Pt,P),
append(P1,P,Ps).

/* OPTIMIZE THE ACCESS PATH */

access_nodes([A|[]11.[1).

access_nodes([A[B],Nodes):- inter_nd(A,B,Nh),access_nodes(B,Nd),
cat_list(Nh,Nd,Nodes).

/* NODES OF INTERSECTION OF ONE PATH WITH THE OTHERS */

inter_nd(A,[1,[D).

inter_nd(A,[B|C],L):- intersection(A,B,L1),inter_nd(A,C,L2),
cat_list(L1,L2,L).

/* FIND THE MAIN PATH: THE PATH WHICH HAS THE MAXIMUM NUMBER OF
INTERSECTION WITH OTHER PATHS */
find_main(Paths,Main,S):- length(Paths,1),head(Paths,Main).
find . _main(Paths,Main,S):- head(Paths,H),inter_num(S,H,Paths,0,N,L1),
main_path(H,Paths,Paths,N,Main,LL1,1.2).

* FIND THE NUMBER OF INTERSECTION NODES OF ONE PATH WITH
ALL OTHERS */
main_path(Main,[],Paths,N,Main,L1,1.2).
main_path(M1,[M1|B],Paths,N1,Mg,L.1,1.2):-main_path(M1,B,Paths,N1,Mg,L.1,1.2).
main_path(M1,[M2|B],Paths,N1,Mg,L1,L2):-inter_num(S,M2,Paths,0,N2,1.2),
select_main(N1,M1,N2,M2,Main,No,L1,1.2,Ln),
main_path(Main,B,Paths,No,Mg,Ln,Lb).

/* SELECT THE MAIN BY COMPARING THE INTERSECTION NUMBER */
select_main(N1,M1,N2M2 M2 N21.1,1.2,12):- N2>=N1,L.2>L1.
select main(N1,M1,N2,M2,M1,N1,L1,1.2,L1).

/* FIND THE TOTAL NUMBER OF INTERSECTION NODES OF A PATH WITH
ALL OTHER PATHS OF ACCESS PATHS */
inter_num(S,A,[],Num,Num,Lth):-length(A,Lth).
inter_num(S,A,[A|B],N1,Num,Lth):- inter num(S,A,B,N1,Num,Lth).
inter_num(S,A,[B|C],N1,Num,Lth):- exclude(S,B,B1),intersection(A,B1,D),
length(D,L),
N is N1+L,inter num(S,A,C,N,Num,Lth).

/* FIND THE MAIN SET OF ACCESS PATHS */
main_set([],Main,[]).

main_set([H|T],Main,H):- member(Main,H).
main_set([H|T],Main,M):- main_set(T,Main,M).
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/* COLLECTING ALL NODES IN THE MAIN SET INTO A LIST */
main_node([],L1,L1).
main_node([A|B],L1,L):- cat_list(L1,A,L2),main_node(B,L2,L).

/* THE ACCESS PATHS WHICH IS NOT IN THE MAIN ACCESS SET WILL BE
SUMMARIED TO BRANCHES OF MAIN ACCESS SET */
abs_branch(M_st,M_nodes,[],[]).
abs_branch(M_st, M nodes,[M_st|T],Bs):- abs_branch(M_st,M_nodes,T,Bs).
abs_branch(M_st, M - _nodes,[H|T],[H1|T1]):- s_branch(M_ nodes,H,H1),
abs_branch(M_st,M_nodes,T,T1).

/* PROCESS THE ACCESS SETS OTHER THAN MAIN ACCESS SET */

/* 1.TAKE REVERSE LIST OF ANY ACCESS PATH. */
/* 2.CONCATENATE TO THE LIST UNTIL THE NODES IS IN THE M_set. */
/* 3.TAKE THE REVERSE LIST OF THE ABSTRACTED LIST. */

s_branch(M_nodes,[1,[1).
s_branch(M_nodes,[A|B],[A2|B1]):- rev(A,A0),br_summary(A0,A1,M_nodes),
rev(Al,A2),s branch(M_nodes,B,B1).

/* EACH BRANCH START FROM THE LAST NODE WHICH INTERSECT WITH
THE MAIN ACCESS SET */

br_summary([H|T],[H],M_Nds):- member(H,M_Nds).

br_summary([H|T],[H|T1],M_Nds):- br_summary(T,T1,M_Nds).

[k Rk R ok ok ook sk sk ok sk ok ok ok ok ok sk sk sk ok db 6 ******************************/
q_mapping(In,Out):- ¢_run(In,Out).

q_run([1,[D).

q_run(In,O):- restr_simple(In),exclude((],In,A),q_process(A,O).

q_run(In,O):- length(In,1),head(In,H),q run_1(H,0).

q_run([H|T],[Q1]|Q2]):- _run_1(H,P1),q run(T,P2),delete_duplicate(P1,Q1),
delete_duplicate(P2,Qq),con_par_1(Qq,T,Q2).

con_par __1 (Q’ (1 aQ) .
con_par_1(Q,[T|T11,R):- con_par(Q,T1,R).
con_par(Q,[1,[Q]).

con_par(Q,T,Q).

q_run_1([1,0).
q_run_1(A,R):- simple_list(A),exclude([],A,Al),q process_1(A1,R).
q_run_1(A,R):- restr_simple(A),exclude([],A,Al),q_process(A1,R).
q_run_1([H|T],[Q1|Q2]):- _run_1(H,P1),q_run_1(T,P2), delete_duplicate(P1,Q1),
delete_duplicate(P2,Q2),con_par_1(Qq,T,Q2).

/* CHECK WHETHER A LIST IS SIMPLE(THAT DOES NOT CONTAIN
ANOTHER LIST */
simple_list([]).
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simple_list([H|T]):- !,atomic(H),simple_list(T).

/* CHECK WHETHER A LIST IS A SIMPLE TYPE (PREVIOUS RULE) */
restr_simple([]).

restr_simple([A|B]):- simple_list(A)restr_simple(B).

/* THE INPUT IS A LIST OF SIMPLE LIST: e.g. [[a,b,..],[c..d],[..],..] ¥/

q_process([],[]).

q_process(W,L):- head(W,W1),head(W1,E),att_vs_entity([E],E1),
head(E1,A),rel_res(A,B,W,L0),path_process(L0,A,L).

/* THE INPUT IS A SIMPLE LIST: e.g. [a,b,....., WHERE a,b,... ARE ATOMIC */

q_process_1([1,[]).

q_process_1(W,L):- head(W,E),att_vs_entity([E],E1),head(E1,A),
rel_res(A,B,[W],L0),path_process(LLO,A,L).

q_execute([1,[1).
q_ececute(A,R):- write(A).

/* FIND THE KEY OF A INSTANCE */
which_key(A,X):- relationship_type(A,X key).
which_key(A,X):- entity_type(A,Xkey).

/* CONCATENATE ALL ATTRIBUTES OF A RELATION TO A LIST WITHOUT
DDL PART */
rel_res_1(A,At,L):- check_rel(A,Att),abs_tuple(Att,Atl),
abs_list_att(Atl,At),length(At,L).
abs_tuple({1,[D).
abs_tuple([A[B],[X|Y]):- head(A,X),abs_tuple(B,Y).

/* FROM THE RESTRICTION PART OF AN INSTANCE, FIND A KEY LIST
OF THE INSTANCE*/
rel_res(A,B,With,Lst) :- rel_res_1(A,B,L),var_list(L,S),append([A],S,S1),
which_key(A,K1),abstract_name(K1,K),
search_tup(A,B,S1,With,Lst,K).

/* SEARCHING FOR THE SUITABLE TUPLE AND DOING THE PROJECTION ON
THE KEY */
search_tup(A,B,S1,W,L K):- S2=..S1,findall(X,(with_restr(S2,X,W,A,B,K,0)),L).

/*BEGIN THE EXECUTION OF RESTRICTION PART */
with_restr(S2,V,W,A B K,O):- call(S2),att_order(B,K,0,1),
arg(0,52,V),map with(W,S2.X,B).
map_with([],52,Y,B).
map_with([H|T],52,Val,B):- arg_n(H,Y,3,1),arg_n(H,Op,2,1),arg_n(H,Att,1,1),
att_order(B,Att,Ord,1),arg(Ord,S2,Val),



160

is_value(Val,Op,Y),nl,map_with(T,S2,X,B).

/* FIND THE ORDER (POSITION) OF AN ATTRIBUTE IN A RELATION */
att_order([A|B],Att,P,P):- A==Att.
att_order([A|B],Att,Ord,P):- Q is P+1,att_order(B,Att,Ord,Q).

/* FIND THE Nth ARGUMENT OF A LIST */
arg_n([A|BL,A,P,P).
arg_n([A[B],Att,Ord,P):- Q is P+1,arg_n(B,Att,0rd,Q).

/* CHECK WHETHER THE VALUE IS PROPER */
is_value(Value,’>=",Y):- Value >=Y.
is_value(Value,’<=",Y):- Value =< Y.
is_value(Value,’<>’,Y):- Value == Y.
is_value(Value,’=",Y):- Value ==Y,
is_value(Value,’>’,Y):- Value > Y.
is_value(Value,’<’,Y):- Value < Y.

/* CREATE A LIST OF VARIABLE WITH LENGTH N */

var_list(0,[]).

var_list(L,[H|T]):- Pis L -1,var_list(P,T).

rel_res_1(A,At,L):- check_rel(A,Att),abs_tuple(Att,Atl),
abs_list_att(Atl,At).

/* THE FUNCTIGN OF ER-SEMIJOIN IS PASSING A SET OF PARAMETER OF
LOCAL REGION ON ERM AND GET A LIST OF PROJECTION OF A SET OF
KEY:

1: INPUT ENTITY TYPES AND RELATIONSHIP TYPE OF A LOCAL REGION.

2: ENTER A SET OF KEY OF ENTITY TYPE AT ONE SIDE OF LOCAL REGION.

3: PROJECT A SET OF KEY OF ENTITY TYPE AT ANOTHER SIDE OF LOCAL
REGION.*/ ,

er_semi_join(Ent1,Rel,Ent2,Att1,Att2):- entity_type(Entl,K11 key),
entity_type(Ent2,K21,key), abstract name(K11,K1),
abstract name(K21,K2), rel res_1(Rel,Att_set,L),
var_list(L,R2), append([Rel],R2,R1),
R=.R1, att_order(Att_set,K1,01,1),
att_order(Att_set,K2,02,1), ‘
findall(Attri,in_key_set(R,01,02,Attri,Attl),Att2).

/* PROJECTION ON RELATIONSHIP SET TO GET A SET OF KEY FROM

ANOTHER SET OF KEY */
in_key_set(R,01,02,Attri,Attl):- call(R),arg(O1,R,Val),member(Val,Att1),
arg(O2,R,Attri).

/* FIND ACCESS PATHS OF USER’S QUERY, DOING THE ER-SEMIJOIN
OPERATION UNTIL IT MEET THE TARGET REGION */
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path_process(L,P,F):- target node(T),paths(T,P,D),p_process(D,L,F).

/* CUT ACCESS PATHS INTO SEGMENT OF LOCAL REGION, AND OPERATE
ER-SEMIJOIN ON THESE SEGMENTS OF LOCAL REGIONS */

p_process((J,L.[]).

p_process([[A|[1]L,L,[A|[LID).

p_process([D|Dt],L,F):- rev(D,D2),head(D2,H),
er_process(D2,L,F1,H K),delete_duplicate(1,Q11),
Q1=[K|[Q11]],p_process(Dt,L,F2),
cat_list(Q1,Q2,03),exclude({],03,F).

er_process(D,L,L,Ek,Ek):- length(D,Leng),Leng < 3.

er_process(D,L,F,Es,Ek):- length(D,Leng),Leng>=3,[E1|T0]=D,[R|T1}=TO,[E2|_]=T1,

er semi_join(E1,R,E2,L,Att),er_process(T1,Att,F,E2Ek).

/* CHECK WHETHER THE TARGET PART OF USER’S QUERY IS IN A

SINGLE INSTANCE OR NOT */
type_target([E],0):- length([E],1),asserta(target_node(E)).
type_target(E,1).

q_run(Target,R1,Restr_list,E_Target,E Restr,R_Summary):-
cat_list([R1],E_Target,El),type_target(E1,Code),
t exe(Target,R1,Restr_list,E TargetE Restr,R_Summary,Code),
retract(target_node(Q)).

/* PROJECTION OF TARGET REGION ON A SINGLE ENTITY TYPE */
/*t_exe(Target,R1,Restr_list,E Target,E Restr,R_Summary,0):-
rm_logic(Restr_list,R_1),sim_par(R_1,Rest 1),
q_mapping(Rest_1,0ut),nl,

Write(? *HRiRRRR ok kRO R R KRR R AR )
nl, write(Out). */

/* PROJECTION OF TARGET REGION ON THE RELATIONSHIP TYPE */
t_exe(Target,R1,R_list,E_Target,E Restr,R_Summary,Q):-
asserta(target_node(R1)),
rm_logic(R_list,R 1),
logic_operation(R_list,R_logic,C),
sim_par(R_logic,Rg),
q_mapping(R_1,0),sim_par(0,01),q_merg(O1,Rg,Out),
final_info(Target,R1,E_Target,Out,Result),
write(’ "),nl,
write(Result).

AREMOVE ALL THE REDUNDANT PARENTHESIS OF A LIST */
sim_par(I,0O):- sim_p(I,O).

sim_p([A],B):- A=[DI|E],!,sim_p(A,B).



sim_p(A,B):- !,s_parg(A,B).

s_parg([1,[1).

s_parg(A,A):-simple_list(A).
s_parg([A|B],[A|B1]):- simple_list(A),s_parg(B,B1).
s_parg([A[B],[A|B1]):- atomic(A),s_parg(B,B1).
s_parg([A|B],[A1|B1]):- sim_p(A,Al),s_parg(B,B1).

/* DELETE LOGIC "AND"(WHICH IS THE DEFAULT), SET LOGIC "OR"
IN THE RIGHT LEVEL OF PARENTHESIS */

logic_operation([],[1,0).

logic_operation(A,[or|B1],C):- place_logic(A,Lg,0),Lg==[or],!,level_ck(A,B1,C).

logic_operation(A,B1,C):- place_logic(A,[and],0),!, level_ck(A,B1,C).

~ logic_operation([A[B],B1,C):- place_logic([A|B],[or],0),!,level_ck(A,B1,C).

/* CHECK IS THERE ANOTHER LEVEL OF PARENTHESIS EXIST */
level ck({1,[1,0).

level_ck([[or]{B],B1,C):- level _ck(B,B1,C).

level ck([[and]|B],B1,C):- level ck(B,B1,C).

level_ck([AB],[s|B1],C):- simple_list(A),level_ck(B,B1,C).

level ck([A|B],[DIE],C):- logic_operation(A,D,C),level_ck(B,.E,C).

level ck([A|B],F,1).

/* AT EACH LEVEL, IF THERE ARE EAXCT ONE TYPE OF LOGIC
(EITHER "AND" OR "OR"), THE SET THE LOGIC SIGNAL TO BE
"0"(CORRECT), IF THERE ARE MORE THAN ONE TYPE OF LOGIC,
THEN SET THE LOGIC SIGNAL TO BE "1"(INCORRECT,AMBIGUQUS) */

place_logic([],[and],0).

place_logic([],L,0).

place_logic([A|B],L,C):- A==[or],A==[and],place_logic(B,L,C).
place_logic([[or]|B],[or],C):- place_logic(B,[or],C).
place_logic([[and]|B],[and],C):- place_logic(B,[and],C).
place_logic(S,L,1).

q_merg(LIc,0):- target node(R),q_m(R,LIc,0).

q_m(R,[Ic,[]).

q_m(R,[A],Ic,[]):- atomic(A).
q_m(R,A,[or]Tc],0):- u_merg(R,A,Tc,0).
q_m(R,A,Tc,0):- int merg(R,A,Tc,0).

u_merg(R,([],J,[]).
u_merg(R,[A],J,0):- simple_term(A),projection(R,A,O).
u_merg(R,[H|T],[s|Tc],O):- projection(R,H,01),u_merg(R,T,Tc,02),
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cat_list(01,02,0).

u_merg(R,[H|T],[Hc|Tc],0):- _m(R,H,Hc,01),u_merg(R,T,Tc,02),
cat_list(01,02,0).

int_merg(R,[1,3,[})-

int_merg(R,A,J,0):- simple_term(A),projection(R,A,0).

int_merg(R,[H|T],[s|Tc],0):- projection(R,H,01),int_merg(R,T,Tc,02),
do_inter(01,02,0).

int_merg(R,[H|T],[Hc|Tc],0):- ¢_m(R,H,Hc,01),int_merg(R,T,Tc,02),
do_inter(01,02,0).

do_inter(O1,[],01).

do_inter(01,02,0):- intersection(01,02,0).

/* FOR A SIMPLE LIST, BEGINS THE STEP OF PROJECTION. IFIT’S

NOT A SIMPLE LIST, CONTINUING THE RECURSIVE REACTION  */
q_decomp(T,Tc,O):- simple_list(T),target_node(R),projection(R,T,0).
q_decomp(T,Tc,0):- q_m(T,Tc,0).

/* PROJECTION THE KEY SET OF RELATIONSHIP FROM ITS SURROUNDING
ENTITY TYPES */
projection(R,[Lh[Lt],O):- entity type(Lh,Lhk,key),abstract_name(Lhk,Key),
rel_info(R,Att,K),length(Att,N),var_list(N,St),
append([R],St,S1),Rs=..S1,att_order(Att,Key,Ord,1),
head(Lt,Lg),
findall(X,(call(Rs),Rs=..Xc,Xc=[ A|X],arg(Ord,Rs,Gs),member(Gs,Lg)),0).

/*REMOVE THE LOGIC OPERATOR FORM A LIST */
rm_logic(In,Out):- place_logic(In,Log,C),!,rm_act(In,Log,Out).
rm_act([],P,[]).
rm_act([[or]|B],[or],B1):- !,rm_act(B,[or],B1).
rm_act([A|B],[or],[[A]|B1]):- simple_list(A),!,rm_act(B,[or],B1).
rm_act([A|B],[or],[[A1]|B1]):- !,rm_logic(A,Al),!,rm_act(B,[or],B1).
rm_act([[and]|B],[and],B1):- !,rm_act(B,[and],B1).
rm_act([A|B],[and],[A|B1]):- simple list(A),!,rm_act(B,[and],B1).
rm_act([A|B],[and],[A1{B1]):- !,rm_logic(A,Al),!,rm_act(B,[and],B1).

simple_term([A|B]):- atomic(A),B=[B1],simple_list(B1).
/***************************** db 9 ********************************/

/*PROJECTION THE VALUE OF TARGET PART IN THE LOCAL REGION */
final_info(Target,R1,E_Target,Out,Result):- print_target head(Target),nl,
g p(Target,E Target,Tx,Ex,L),take_value(L,R1,0ut,Result).

take__value(L,R,[1,01).
take value(L,R,[H|T],[Res1[Res2]):- take value_1(L,R,H,Res1),
take_value(L,R,T,Res2).
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take_value_1([1,R,Ou,[]).

take_value_1([H|T],R,Ou,[01|02]):- [E|[A]=H, rel info(R,Att r,Kr),
rel_info(E,Att_e,Ke),
att_order(Att_r,Ke,Ord,1),
arg n(Ou,Val,Ord,1),
take_e_value(E,Att_e,Ke,Val,Va_z),
take_target value(A,Att_e,Va_z,01),
take_value 1(T,R,0Ou,02).

take_e_value(E,Att_e,Ke,Val,Va_z):- length(Att_e,N),var_list(N,List),
append([E],List,Lst),E_val=..Lst,
call(E_val),att_order(Att_e,Ke,Ok,1),
arg(Ok,E_val,Val),
E_val=..Pst,tail(Pst,Va_z).

/* TAKE THE VALUE OF ATTRIBUTE PUT INTO A LIST */
take target value([],Att_e,Val z[]).
take target value([H|T],Att_e,Val,[V|V1]):- att_order(Att_e,H,Ord,1),
arg n(Val,v,0rd,1),
take target value(T,Att e,Val,V1).

/* THE RULE GROUP ATTRIBUTES OF THE SAME RELATION INTO A LIST
LEADED BY THE NAME OF THAT RELATION */

g_p((}.[LT.E,LD.
g_p(Ta,En,T,E,[[S|G]|G1]):- grouping(Ta,En,S,T,E,G),g_p(T.E,T1,E1,G1).

grouping([Th|Tt],[Eh|Et],Eh,T1,E1,[Th|G]):- grouping(T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>