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ABSTRACT

A generalized database access path model is
defined for the purpose of representing relationships
between data entities in a Heterogeneous Distributed
Database (HDDB) network. This data model, termed the
Generalized Database Access Graph (GDAGC), 1is one
architectural component of a heterogeneous distributed
database management system (HDDBMS), The GDAGC is
maintained by the HDDBMS as part of an intergrated data
dictionary. It encompasses the capabiltity of modeling
the access paths of the three major data models,
reiational, network, and hierarchical, via a common
data independent notation. A further capability is the
modeling of interdatabase relationships using an
equivalent notation.,

KEY WORDS AND PHRASES

Access Path Model, Data Independence,
Entity-Relationship (ER) Model, Ceneralized Database
Access Graph {GDAG), Heterogeneous Distributed
Database, Interdatabase Relatienship, Query/Data
Manipulation Language Translation, and String Model,
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1 INTRODUCTION

A heterogeneous distributed database (HDDB) is a
set of two or more interrelated physical databases in
which the underlying database management systems (DEMS)
are different. For example, one physical database might
be managed by IMS/DB, another by SQL/DS, and a third by
a CODASYL DBMS.

HDDE management is a challenging problem induced
over recent years by the proliferation of corporate
databases, These databases are unable to automatically
share information due particularly te the inherent
database model and query/data manipulation language
differences between different DBMS, Currently,
difficult manual efforts must be employed to insure the
accessiblity and correctness of the informatien in a
HDDE.,

A physical, or lecal, database of a EDDB may
contain data which is reiated to or duplicated by
another physical database. These relationship or
content dependencies between physical databases are
termed interdatabase relationships. .

Interdatabase relationships pose a major problem
if one is to automate the HDDER management. Queries upon
the HDDB must be analyzed against interdatabase
relationships to gather global results. Information
accessed from one physical database might depend upon
the infermation obtained from another, The existence of
an entity in one physical database might depend upon
the existence of another in a different physical
database. Or, the contents of an entity might be spread
across two or meore physical databases.

2 OBJECTIVES -
This regearch describes an access path model,

named the Generalized Database Access Graph (GDAG), for
relationships in a BEDDE. Some elements of the GDAGC were
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inspired by the Data Independent Access Model {(DIAM)
[1] and the Algebraic Access Graph {(AAG) [E], The
access path model is used for query analysis by a HDDB
Management System (HDDBMS ), The access path
specifications are maintained as part of an integrated
data dictionary definition for the HDDE,

The access path mpdel that follows is part of an
ongoing research project [1, 2, and 7. The goal of
this project is to construct a HDDBMS which intercepts
the database requests or gueries from an application
program, in the query or data manipulation language of
a host DBMS, transforms these requests into the
individual requests upon the physical databases, and
translates the results into the form expected by the
application prcogram. The term data manipulation
language (DML} shall be used to refer to any of the
data access languages of the major types of DBMS:
CODASYL DML; relaticnal or SQL query languages; or
IMS/DB DL/I. The terms "database request” and “query”
will be synenymous.

3 HDDBMS LAYERED ARCHITECTURE

The HDDBEMS architecture consists of five layers of
database models. These are illustrated in Figure 1., An
application program database view is defined using the
data definition language of a host DBMS, This view is
defined to the HDDBMS at the virtual layer {(VL).

An application program query (DML or query
command) enters the virtual layer and is transformed by
the HDDBMS into a unified virtual layer (UVL) query,
This layer is an Entity-Relationship (ER} (5]
representatien of the application program’s virtual
layer view,

The UVL query is then mapped into a unified global
layer (UGL}) query, The UGL is an ER conceptual
representation of the entire HDDB. It represents the
union of individual unified local layer (ULL) database
views.
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The UGL query is transformed into a set of one or
more ULL queries and an access plan: A ULL definition
exists for each physical database in the HDDBE,
Externally, a ULL definition of a physical database is
an ER view of that database, Internally, ULL access
path specifications exist for data within a single
physical database and for each interdatabase
relationship between two or more physical databases.

A ULL query is transformed into a Local Laver (LL)
DBMS dependent query, and then sent to the local DBMS,
The ULL queries are performed according to the
precedence established by the access plan.

Once the results of the original gquery are
obtained, the data 1is translated back through the
layered architecture into the form expected by the
application program. This involves both structural and
data transliation.

4 ACCESS PATH MODEL REQUIREMENTS

The access path model exists at the UGL and ULL of
the HDDBMS, It is responsible for guiding the UGL query
translation into the ULL queries and access plan., The
access path model consists of an ordering of elementary
operations at field level granularity which must be
performed by the individual DBMS or by the global query
ceordinateor.,

The access path model is responsible for
representing the elementary operations and the order of
operation for data retrieval in an HDDB., UGL access
path specifications exist for each relatienship in the
global ER view of +the HDDB., These act as a basic
floorplan for the ULL access paths. ULL access path
specifications exist for each relationship in a
physical database and for each interdatabase
relationship between two or more phvsical databases.

Since these Bccess path specifications are
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utilized by a HDDB global query analyzer and by DBEMS
dependent local query generators, they must be defined
in a generalized form, That 1is, they cannot be
dependent upon any particular DBMS, Hence, their
structure cannot be DBMS dependent nor <¢an their
elementary operations contained within them. Yet, they
must be capable of transformimg VULL Qqueries into =
local DBMS DML while maintaining the semantics of the
eriginal application program guery,

As a further requirement, the modeling of local
physical database relationships must be equivalent to
the modeling of interdatabase relationships, This
allows the global gquery analvzer to generate ULL
queries independent of distribution. The responsibility
of distribution 1is left to the access plan generator
and the global query coordinator.

5 GEMERALIZED DATARASE ACCESS GRAPHS (GDAG)

The Generalized Database Access Graph (GDAG) is
defined below. First 1is a definition of the general
GDAC structure. This is followed by a description of
the notation used and the rules for GDAG traversal,
Figure 2 represents a generic GDAG. The reader <should
view this Figure throughout this Section.

5.1 THE GENERAL GDAG STRUCTURE

A GDAGC is a2 two dimensional labeled directed
graph. The arc labels of a graph contain logical access
¢riterion between npdes. The nodes, termed attribute
nodes, contain data element, entity, or relationship
specific information. These attribute nodes are termed
global or local, depending on their context. A global
attribute node simply identifies which portion of the
UGL ER conceptual mode! the node applies to. A local
attribute node contains information as to which global
portion the node applies to as well as local database
informaticon,

The horizontal pertion ef a GDAG consists of =

4~
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single linear string of global attribute nodes, Two
special global attributes are defined for the
horizaental direction, These are the graph entry and
exit nodes.

Let R be an n-ary relationship between entities
El, E2, +++y and En. A horizontal string for R is of
the form

entry --> Ejil --> Ej2 --% +4«y -=-> Ejn --> R --) exit

where ( il J2+ +s4y  jn 3} is some permutation of
€%, 2, ++vy, n 23 The nodes identified by entity names
(Ej}) are termed global entity nodes:. The node
identified by a relationship (R) is «called a global
relationship node. The arcs for the horizontal string
are not labeled,

A vertical string is attached to each entity node
and to the relationship node, A vertical string is a
linear string of local attribute nodes attached by
labeled arcs.,

The local attribute nodes contain data element
specific information that is either part of the global
entity or relationship node for which the string is
attached, or data element specific information that is
required as a constraint to get the data elements of
the global node. The data element specific information
consists of the data element name as defined to & local
database, its UGL ER attribute name, the physical
database it belongs to, and the relation, segment, or
record it ig contained in,

The arc labels contain basic logical operations
that must be completed to successfully traverse an arc,
For example, an operation might be an eguivalence of
key fields, or an operation might be a <continue
cperation {one that is always truel,

5.2 NOTATION AT GDAG MNODES
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The following notation 1is used at the nodes
contained in a GDAG, Notation 1is defined for both
horizental nodes and vertical nodes.,

The notation at a horizontal node consists of an
index value contained inside the node. This index value
must be unique within the GDAG., The index value is used
for identification purposes at vertical nodes, If the
node does not denote entry or exit, it also contains a
UGL identifier which is either the global entity or
relationship it is associated te., This identifier 1is
written above the horizontal node.

Vertical local attribute nodes are of three types.
These are either entity, relationship, or constraint,
Vertical entity nodes may only appear in a vertical
string that is based off a horizontal global entity
node, BSimilarly, vertical relationship nodes may only
appear beneath a horizontal global relationship node.
Vertical constraint nodes may appear in any vertical
string of 2 local or interdatabase GDAG (ULL),

The notation at a vertical entity node consists of
the following information. Located at the lower left
portion of the node is the single character E. This
denotes the node as a vertical entity node. Contained
inside the node is the UGL attribute for which the node
is associated., For ULL GDAG specifications, located at
the lower right portion of the node 1is the physical
database data element name. Located at the upper right
hand portien is database identification information
which is of the form:

global_entity_name (UGL}
or
index_value.DB_id.RECORD_id {(ULL)
where global_entity_name is the name of an entity in

the global ER view of the HDDB, index_value is an index
contained in some horizontal node, DBE_id identifies the
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physical database the data element exists at, and
RECORD_id identifies the relation, segment, or record
the data element exists in,

The notation at a ULL vertical relationship node
differs from a ULL vertical entity node only in the
node type. A vertical relationship node contains a
single character R located at the lower left portion of
the node. For a UGL vertical relationship node; the
database identification information is excluded.

The notation at a vertical constraint node is
similar to vertical entity and relationship nodes,
Contained at the lower left portion of the node is a
single character C, Always contained at the upper right
portion of the node is the database identification
infoermation. Optionally, a UGL attribute name and
physical database data element name are provided,

5.3 NOTATION ALONG GDAG VERTICAL ARCS

The vertical arcs of a GDAC are labeled with a
logical access criterion. These are of three types:
equivalence; continue; and database access path,

The equivalence operator, =, applies to the two
connected local attribute nodes snd states <that the
data elements of the two nodes must be equal in value
for successful traversal of the arc, The equivalence
operator is used mostly for defining relational joins
or for establishing the 1link of an interdatabase
relationship,

The continue operator, #, states that traversal of
the arc is automatic. That is, its logical value is
always true. This operator is used mostly for
information gathering or stepping through data element
by data element access where the data elements have
been retrieved via an earlier vertical attribute node.

The database access path operator, ACF, states
that traversal of the arc may proceed only if some
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database access path is successfully traversed, This
operator is used with network and hierarchical database
specifications. For a network database, the access path
would be @a set. For a hierarchica! database, it would
be a parent-child relationship.

5.4 GDAG TRAVERSAL RULES

The rules for traversing a GDAG are simple. They
are as follows:

. Traversal begins at the entry node.

2, Traversal ends successfully only upon reaching
the exit node,

3. Horizontal arc traversal may proceed only when
the vertical string of the current horizontal
node has been successfully traversed.

4, Vertical arc traversal may proceed only if the
logical operation along the arc yields a true
value,

3+ Vertical string traversal is successful upon
reaching a vertical node which does not have an
arc leaving it, and whose data element can be
successfully retrieved,

6. Any other occurrence results in an unsuccessful
GDAG traversal.

5.5 RELATIONSHIP DIRECTIONS

Since database access paths usually are not
reversible, directions are associated to database
relationships: For example, a relationship R between
entities Ei and EZ can be viewed in two different ways:
"how R relates E1 to E2"; and, vice-versa, "how R
relates E2 to E{1.” Each of these views is termed a
direction of R,
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Generalizing to n-ary relationships, n! different
directions exist. For example, a trinary relationship R
between Ei, E2, and E3 has these six directions:

1, How R relates Ef to E2 and E3;
2, How R relates Ef to E3 and E2;
3. Bow R relates E2 to Ef and E3;
4., How R relates E2 to E3 and Ei;
5+ How R relates E3 to E! and E2; and
€. How R relates E3 to E2 and Ei,

The notation used to denote relationship
directions is a nesting of binary relationships., For
the trinary relationship above, the notation would be:

1. Rt Et-->{(E2-->E3);
2. R + E1-->{(E3--)E2)
3. R : E2-->(E1--2E3);
4, R 1+ E2-->{E3--)El)}
3. R + E3-->{(E{-->E2); and
€. R : E3-->(E2-->E1).,

The parentheses are not really regquired. They dao,
however, suggest a mechanism for defining relationship
directions algorithmically {via counting) and
recursively (until an inner most binary relationship is
encountered}), Upon specifying all directions for a
relationship, the parentheses may be discarded.

WVhen considering binary relationships, two
directions exist:. In this case, each direction may be
regarded as the inverse or reverse direction of the
Other.

Each UGL relationship direction requires a GDAG
specification for each physical database containing an
implementation of that relationship, and for each
interdatabase relationship the UGL relationship is an
instance of. The requirement of a GDAC for each
relationship direction is a direct consequence of the
non-invertibility of database access paths., This is
especially true for hierarchical and network databases.

«~9-
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é AN EXAMPLE HETEROGENEOUS DATABASE NETWORK

An example HDDB is used throughout the remainder
of this document, It represents a Parts and Warehouse
database. This database is described below. This
description is followed by some example GDAG
specfications for each physical database in the
network, and for some ef the interdatabase
relationships.,

6.1 THE GLOBAL ER VIEW OF THE EXAMPLE
DATABASE

An ER view of the example database is jllustrated
in Figure 3, Two global entities exist:. These are the
Part (E1) and Warehouse (E2) entities, The Part entity
contains three data elements. They are a unique key
Part Number (FP#) along with a Part Description {PD) and
Part Classification (CL). The Warehouse entity consists
of a unigque key Warehouse Number (W#) and a Warehouse
Description (WD),

Two global binary relationships are defined. One
relationship (R1) represents the supply of Parts at
Warehouses via the data element QTY (Quantity). The
second (RZ2) is a recursive relationship which
represents the construction of Parts by other Parts and
the Quantity Used (QTY_USED) per construction. Since
relationship R2 is a relationship of Parts to Parts, a
futher classification of Parts as Assembly or Component
Parts is required. These are dencted as Ei{a and Eic¢
respectively,

Relationship RYf is useful for answering gqueries of
the form

Rt :+ E1-->E2

"Given a Part, which Warehouses supply that
Part, and what are the Quantities On Hand ?*

-{0-
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Inversely,
Ri : E2--)E1l

“Given a Warehouse, which Parts does the
Warehouse supply, and what are the Quantities
On Hand ?-

Relationship R2 is useful for answering Queries of
the form

RZ : Eta-->Eic

"Given an Assembly Part, which Parts are
components in the constructien of the
Assembly Part, and what is the Quantity Per
Assembly ?7°

Inversely,
K2 1+ Eic-->Ela

"Given a Component Part, which Assemblies
require the Component Part for Assembly, and
what is the Quantity Fer Assembly 7"

6.2 THE PHYSICAL DATABASE DESCRIPTIONS

The example HDDB consists of three physical
databases, OQOne of these is a relational database
(SQL/DS), another is network (CODASYL), and the third
is hierarchical (IMS/DE). These are referred to as DB}%,
DB2, and DB3 respectively. The database definitions of
each are illustrated in Figures 4, 35; and €., The
conceptual view of the S8L/DS database consists of the
entire HDDB conceptual view. The CODASYL database
consists of both entities Eif and EZ and relationship
R+ The 1IMS/DB consists of entity E{ and relationship
R2.

Several interdatabase relationships exist within
the HDDEB. DR1 and DEZ2 both contain the R1 relationship

-11-
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between Parts and Warehouses, and DB3 contains
information about Parts which may be stored at DB{ and
DBEZ., DB! and DB3 each contain the R2 relationship of
Parts to Parts, and DB2 <contains information about
Parts which may be stored at DB{ and DE3.

In the following some GDAG specifications for the
HDDE are described. First the GDAGs for the global ER
database view are presented, Next, the GDAGs for each
physical database are illustrated. These are followed
by some interdatabase relationship GDAGs, Since local
GDAGs always apply to a single physical database,
database identification information (DB_id) is left off
the vertical attribute nodes in the examples. This is
not true for the interdatabase relationship GDAGs.,

6.3 GLOBAL GDAG SPECIFICATIONS

The only information centained in the Global GDAGs
(UGL) is the global ER data attributes required to
establish a global relationship since these GDAGs only
represent =& basic floorplan in guiding query and data
translation,

Figures 7 and 8 illustrate the Global GDAGs for
the ER view of the HDDE., Figure 7 contains the GDAGs
for relationship Rl and Figure 8 contains them for
relationship R2Z,

The information content required for relationship
Rt is a P¢ (E1), a W4 (E2), and the QTY (R1) . The
information content required for relationship R? is a
F# (Ela}, a2 P# (Eic), and the QTY_USED (R2), These data
attributes exist in vertical strings relative to which
portion of the relationship they apply to.

6.4 LOCAL GDAG SPECIFICATIONS
The following presents the Local GDACGC

specifications for each of the three example physical
databases, '
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SQL DRiY

Figures 9 and 10 illustrate the Local GDAGs (ULL)
foer the B5QL/DS relational database DBY., Figure 9
contains the GDAGs for relationship R1 and Figure 10
contains them for relationship RZ2.

Relationship R1 in DB!l is represented by the PW
{or Part-Warehouse} relation., To establish this
relationship in DB!{ simply requires access to this
relation. This is illustrated in Figure 9.

Figure 9 (a) represents the direction R1:E1-->E2,
Recalling +the rules of Section 5.4, traversal of this
GDAG proceeds as follows,

i+ Enter at the entry node., Since a vertical
string does not exist for this node, horizontal
traversal takes place.

2. Upon reaching the global entity node i1 for Ei,
vertical! traversal must take place before
horizontal traversal can continue. The # arc
operation statesg that traversal continues to
the first vertical attribute node, This node
indicates that a glaebal data element P#, with
local name P#, must be obtained from a relation
PW in database DB1., If a P# is obtained, the
vertical string traversal is successful.
Otherwise the GDAG traversal terminates. Since
more than one P#¥ might satisfy the graph, the
vertical traversal must be repeated for each
that does,

3. For each successful vertical traversal from the
global entity node 1, horizontal traversal to
the global entity node 2 for 2 for entity E?
takes place. This glebal entity node contains
a vertical string which must be folliowed. The
vertical string indicates a single global data
element W#, with local data element name W#,
must be obtained for the vertical traversal to
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be 8 success. This W# is obtained from the PW
relation accessed from the prior vertical
traversal. This is indicated by the { qualifier
preceding the FW in the upper right corner of
the node,

4, Similarly, horizontal traversal continues to
the global relationship node R for relationship
Ri, As with global entity node 2, the
relationship information QTY is obtained from
the PW relation accessed during the first
vertical string traversal,

Figure 9 (b) represents the direction R{:E2--)>E1,
This GDAG is almost the same as Figure 9 (a), differing
only in the order of usage of W#% and P#,

Relationship R2 in DB! is represented by the PSTR
{or Part Structure) relation. To establish this
relationship in DBl simply requires accest to this
relation. This is illustrated in Figure 0.

Figure 10 (a) and (b) represent the directions
R2:Eta-->Elc and R2:Eic-->Ela respectively, These GDAGs
are almost the same as those in Figure 9, differing
only in the usage of the relation PSTR compared to PW,
the key field components P#A and P#C compared to P# and
W#, and the relationship value QTY_USED compared to
QTY.

CODASYL DE?Z

Figure {1 illustrates the Local GDACs for the
CODASYL database DB2., Since DBZ only implements
relationship R1, only one set of 1local GDAGs are
required for this database.

Whereas in DBl the relationship R! is contained in
a single table PW, in DB2 this relationship is
maintained as part of an owner (PART) and member (WH)
set (INVENTORY). Because of this, the GDAGs for this
relationship are more complicated than those of Figures

-14-
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9 and 10, This is because database navigation using the
set must take place.

Figure 11 (a) represents the direction R1:E{-->E2,
To obtain the Warehouses which supply a Part requires
establishing position on that Part as an owner and
obtaining the Warehouse members associated to the Part
via the INVENTORY set. This is what is stated in Figure
11 (2). A Part with some P# is obtained by traversal of
the first vertical string, The next vertical string
states that once position is achieved upon the Part in
the first vertical string, follow some database access
path (INVENTORY) to obtain a Wé in WH. Once this WH is
accessed, the QTY data element can be extracted to give
8 response to the query.

Figure i1 (b) represents the direction R1:E2--)>Et,
To obtain the Parts supplied by a Warehouse requires
establishing position on that Warehouse as member and
obtaining the Part owner associated to the Warehouse
via the INVENTORY set. This is what is stated in Figure
11 (b}, Since the CODASYL location mode of member WH is
through the owner PART of the INVENTORY set, the first
vertical string says to establish position on any PART.
Then follow a database access path to find a WH with a
particular W&, The next vertical string states that
oence position is achieved upon the Warehouse in the
first vertical string, the PART and P# are automaticaly
obtained via the positioning from the first vertical
string. Similary, the QTY data element is immediately
available once a WH is accessed from the first vertical
string.,

IMS/DE DEB3

Figure 12 illustrates the Local GDAGs for the
IMS/DB database DB3. Since DB3 only implements
relationship R2, only one set of 1local GDAGs are
required for this database,

DB3 is an IMS/DB hierarchical logical database.
Because of the structure of the database, database
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navigation is required to establish the relationship
R2.

Figure 12 (a) represents the direction
R2:Ei{a-->Eic, In this context, the Assembly Part (Ela)
is the root segment PART of DB3 and the Component Part
{E1c) is the COMP_ASSEMB <child segment of the root
segment PART. Thus to obtain Component Part information
of an Assembly Part is to establish position upen the
root segment Part and to retrieve its (OMP_ASSEME
children. This is what is stated in Figure 12 (a}, A
Part with some P# is obtained by traversal of the first
vertical string. The next vertical string states that
once position is achieved upon the Part in the first
vertical string, follow some database access path
{parent-child) to obtain a P# in COMP_ASSEMB, Once
this COMP_ASSEMB is accessed, the @QTY data element
{(with global name QTY_USED) can be extracted to give a
response to the gquery,

Figure 12 {b) represents the direction
R2:Efc-->Efa. In this context, the Component Part (Eic)
is the root segment PART of DBE3 and the Assembly Part
{Ela) is the ASSEMB_COMP child segment of the root
segment FPART. Thus to obtain Assembly Part information
of a Component Part is to establish position upon the
root segment Part and to retrieve its ASSEMB_COMP
children, This differs from Figure 12 {(a) only in the
use of the AGSSEMB_COMP segment in comparison to the
COMP_ASSEME segment.

6.5 INTERDATABASE RELATIONSHIFS

Interdatabase relationships occur in two ways. One
way is for the all or some (Vertical Partitioning [41)
attributes of a global entity to be maintzined by one
er more physical databases, JFor example, all three
example physical databases maintain information about
Farts, Some of the Part information may be replicated
between physical databases., Some may be stored in enly
one physical database, The entire set of Parts is
obtained as the union of Parts from each database, An
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interdatabase relationship of this type is termed an
entity interdatabase relationship.

Interdatabase relationships may also occur due to
the relationships between entities in the UGL ER view.
For example, a Part at DB3 may be supplied by some
Warehouse maintained at DB2 or DB1. A relationship of
this type 1is termed a relationship interdatabase
relationship.

Since GDAGs are for the purpose of specifying the
access paths for the relationships contained in the ER
view of the HDDB, access path specifications for entity
interdatabase relationships are not included in this
researchs, Only relationship interdatabase relationships
are specified using GDAGs.

The interdatabase relationships due to
relationships R!{ and R2 that exist in the example HDDE
are illustrated in Figures 13 and 14 respectively. Each
of these require GDAGs to describe the access paths
between databases to establish a interdatabase
relationship. Some of these specifications are included
below,

They key feature of these specifications is their
similarity to the local GDAGs of Figures 9, 10, 11, and
12, differing only in complexity, This added complexity
is reguired to establish an access path link between
the physical databases. The similarity is of major
gignificance in that it has the advantage that a global
query analyzer may process the local and interdatabase
GDAGs simultaneously, leaving problems of distribution
to an access plan generator and global query
coordinator,

6.6 INTERPATABASE RELATIONSHIFP GDAG
SPECIFICATIONS

The first set of interdatabase GDA0s are

illustrated in Figure 15, These two GDAGs represent
both directions of the interdatabase relationship Ri
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between the Partes of DBf and the Warehouses of DB2.

0f particular interest in Figure 15 {a) 1is the
vertical string attached to the horizontal node 2,
Picking up the P# from the Part of DBtf, a link is
established with the P# in Part of DB2. This is
indicated by the equivalence operator attaching the two
constraint nodes. Once the Part in DB2Z has been
obtained, a database access path (the INVENTORY set)
may be followed to access the Warehouse information.
This Warehouse contains the Quantity On Hand of the
Part as indicated in the vertical string of the
horizontal node R,

Figure 13 (b) may be interpreted as follows. Some
Part is obtained from DB2Z which has a database access
path (INVENTORY) for a particular Warehouse. The
Warehouse is then used to establish a link with the PW
table of DBl1. This PW table contains the P%# and @QTY
required to successfully establish the relationship.

The second set of interdatabase GDAGs are
illustrated in Figure 16, These two GDAGs represent
both directions of the interdatabase relationship R2
between the Assembly Parts of DE!l and the Component
Parts of DB3, The two GDAGs bare 2 striking similarity
to those of Figure 15, This 1is because the CDAGC
represents generalized access paths, independent of the
type of database. What is required 1is the elementary
operations and the order of operation needed to access
the data,

7 CONCLUSION

The inherent query language and structural
differences between different database management
systems (DBMS) coupled with the difficulties of
interdatabase relationships pose a major challenge in
the automation of a Heterogeneous Distributed Databacse
(BEDDB). To combat this problem, a new database access
path model, named the Generalized Database Access Graph
{GDAG) is introduced, The GDAG is part of an integrated
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data dictionary, maintained as part of a HDDB
Management System {HDDBMS), which guides EDDB query and
data translation.

The GDAG is a two dimensional 1labeled directed
graph which provides elementary operations at field
level granularity which must be performed either by a
local DBMS or a global query coordinator., This level of
granularity is =2 necessity if existing application
programs, utilizing a host DBMS Data Manipulation
Language (DML) are to be given transparent access to
the HDDB.

Two major capabilities feature the GDAG. Its high
data independence allows relational;, network, and
hierarchical databases to be modeled using egquivalent
notation and structures., Second is the ability to model
interdatabase relationships using the same data
structure, This has the further advantage of allowing
global query analysis to be performed independent af
distribution. Distribution problems are the
responsibiltiy of an access plan generator and global
query coordinator,
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Figure 1 : Layered architecture for the HDDBMS,
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Eji Ej2 R

entry --oo-e- )@ ------------------- )@ --------- tey Tmees )@ ------ } exit
i {#, =, AP} 1 {5y =, AR2 ' {¥, =, ACP}
v v v

. Id 1d [1d]
{E,C} a [Locall {E,C? {Locall {r,C} [Locall

t {8, =, ACP ! s, =, ACPY t {a, =, AP
v v v
: ) -
{E,0) [locall  {E,0) flocall  {R,0 [locall

Legend : [1 pptional entry

{3 - choose one of 8 list of entries

Attr - unified global layer ER attribute name

Id - database identification

EJ’ - {E{y E2y +vs¢ 4 En 2

Local - local (physical) database datz element name

# - continue logical access criterion

= - equal by value logical access criterion

ACP - database access path legical access criterion

entry - GDAG entry node
exit - GDAG exit node

E - entity node
R - relationship node
C - constraint node

Figure 2 : A generic Generalized Database
Access Graph (GDAG).,
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Figure 3 : Global ER diagram of the example HDDE.

CREATE TABLE PART { Pw CHAR(S) RON-NULL, /% PART NUMBER L1
PD CHAR(25)  NOK-NULL, /# PART DESCRIPTION &
{1 CHAR{Z) NON-NULL /# PART CLASSIFICATION #/

3
CREATE TABLE WH  { s CHAR(S) NON-NULL, /# WAREMOUSE NUMBER s/
UD CHAR(25)  NOW-NULL /% WAREHOUSE DESCRIPTION #/

3
CREATE TABLE PN { Px CHAR(S)  WON-NULL, /# PART HUNBER 7
¥s CHAR(5)  NON-NULL, /# WAREHOUSE NUMBER 7
BTY DECIMAL(S) MOW-NULL /# QUANTITY ON HAND ¥/

b
CREATE TABLE PSTR { Paa HAR(S)  NON-NULL, /# AGSEMBLY PART RUMBER &/
PsC CHAR(S}  HON-NULL, /# COMPONENT PART WUMEER #/

gTY_USED /% QUANTITY OF THE ¥/
DECIMAL(S) HOM-NULL /% COMPONENT PART &/
/¢ CONTAINED IN THE %/
/% ASSEMELY PART %/
}

Figure 4 : DB1 definition : a SQL/DS relational
database.
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SCHEMA
AREA

RECORD

RECOKD

SET

Figure 5

NAME IS DB2Z,

NAME IS DE_AREA.

NAME IS PART.

LOCATION MODE 1S CALC HASH-P#.
USING P# IN PART.
DUPLICATES NOT ALLOWED.

WITHIN DB_AREA.

02 P# TYPE IS CHAR 5.

02 PD TYPE 15 CHAR 25.

02 CL TYPE 15 CHAR 2.

NAME IS WH,

WITHEIN DB_AREA.

02 W8 TYPE IS CHAR &,
02 WD TYPE IS CHAR 285,

NAME IS INVENTORY.

OWNER 15 PART.

MEMEER 1S WH.

MANDATORY AUTOMATIC.
ASCENDING KEY IS5 W¢ IN WH,
DUPLICATES ARE NOT ALLOWED.

SET OCCURRENCE SELECTICN 1§ THRU
LOCATION MODE OF OWNER,.

DBZ definition : a8 CODASYL network
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DED KAME=DE3,ACCESS=EISAM
DATASET DDi=DEPTDDi,DEVICE=3380,0VFLW=DEPTOVF

SECM NAME=PART,BYTES=32

LCHILD NAME=(COMP_ASSEMEB,DB3),PAIR=ASSEMB_COMP
FIELD NAME= (P#,5EQ) ,BYTES5=5,5TART=1

FIELD NAME=PD,BYTES=25,5TART=6

FIELD NAME=CL,BYTES=2,5TART=31

SEGM NAME=ASSEME_COMP,BYTES=10,
POINTER=(LPART,TWIN,LTWIN),
PARENT= ( (PART), (PART ,PHYSICAL,DE3))
FIELD NAME=(P#%,8EQ),BYTES=5,5TART=1
FIELD NAME=QTY,BYTES=5,8TART=6E

SEGM NAME=COMP_ASSEME,BYTES=10,POINTER=PAIRED,
PARENT=PART, SOURCE=(ASSEMB_COMF,DB3)

FIELD NAME=(P#,5EQ),BYTES=5,5TART=1

FIELD NAME=QTY,BYTES=5,5TART=6

----------------

--eee .. EE e wea. - L A A T A R

Figure 6 t DB3 definition : an IMS/DB
hierarchical database.
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4] E? k1
RO OSES OS
HIE 1R ] ;I
v v v
Part @Iarehnnse
E 4 R
{a): R{ :+ E{t--2>E2
B2 Et Rl
e OSSO OR
] . O}
v V v

@Harehuuse Part
E E R

{b), R{ ¢+ E2-->El

Figure 7 : R1 Global Relationship GDAGs.
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{a), R2 : Eia-->Eic

< - -

Part Part
E E R

(b)), R2 ¢+ Elc--¥Ela

Figure 8 : RZ Global Relationship GDAGs.
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El B2 Rl
BRLLY soesscscees )@ ---------- )@- ---------- )@- ---------- }oexit
N i K )
v v v
10?" 1.Pd IOPU
E Py £ s R ary
{a), DB1, RY : Ei1--3E2
E2 Ei Rt
SRS WS ) S S——
| I i )
v v v
@IOPH IQPH I.PU
E W E Pr R oty

(b). DB1, RY1 : E2--)E!l

Figure 8 : Local DBE! R1 Local Relationship GDAGs.
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v
1.P5TR 1.?51'& l.PSTR
A 1T I Pt R GTY_USED

(a), DB1, RZ : Ela-->Elc

€= —- -
€ m= ==

Elc Els R2

entry ----------- )@- ---------- )@ ---------- )@- ---------- }exit
| # ¥ L#
v v v

1 +PSTR 1.PSTR 1 PETR
E pal E Pet R aTY_USER
{t). DBi, RZ : Elc-->Ela

Figure 10: lLocal DBi R2 Local Relatienship GDAGs.
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E! E2 Rl
O OO
R | HE ) |
v v v
1.PART Ol +PART 2.
E Pa t Rk ary
1 ACP (INVENTORY)
v
2.8H
L]
E [
ta), DB2, R! : E1-->E2
EZ 33 K1
Ra— O O T
HE ) HE H
v v v

Oi +PART I.PART 1.WH
C E Px R i

ACP (IRVENTORY)

o . -

1.WH
W
E i

(b}, DB2, R1 : EZ2-->E!

Figure 11 : Local DBZ R1 Local Relationship GDAGs.
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Ela Eic R2
entry --ssneeees @ ---------- @ ---------- @ ---------- ) erit
H H H
HE R Py
v v v
1 «PART Ol «PART 2 +CONP_ASSEND
E Pa t R orY
it ACP
]
E.CBHP_QSSEHB
E Px
(a), DB3, R2 : Eia-->Elc¢
Elc Efa R2
SN G SRS ) S S——
1 i ] HE ]
N v y
1.PARY Ol +PART 2 +ASSEMR_CONP
E P C R Ty
1 ACP
v

z.ﬁSSEHB_cm!P
E Pa

(b)), DB3, R2 : Elc-->Ela
Figure 42 : Local DB3 R2 Local Relationship GDAGs.
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: DB1 i i DB i
i k A i
i PART ' ' WH '
; DEB2 : : DB2 !
i K — :
i PART ‘ d WH :
: DE3 t

; PART !

{a), Local database Rl relationships.

S L s

{b), Interdatabase R1 relationships.

Figure 13 : Local R! relationcship implementations
compared to the interdatabase RI
relatienships.
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: DB1 ' !
: 03 -3} H
' PART H : PART :
! ! R i
! DB2 ! ! DB2 !
: PART : ; PART :
1 (] 1 [)
: DB3 H : BPE3 d
H b3 v 1
H FART ' H FART i

(a), Local database RZ relationships.

st s e st e A s sl W e e e

! )13:31 DEt i
1 1
i PART PART i
: DBZ DE2 |
! FART PART i
! DB3 ' DE3 !
H FART d PART i

i S e el e e T s . g e s - S . S S

(b}, Interdatabase R2 relationships.

Figure 14 : Local RZ relationship implementations
compared to the interdatabase R2Z
relationships.,
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E1 E? R1
entry ------- }® ------------------ @ ------------------ )@- ------ ) exit
| o R
v v v
l.DBI.PﬁRT 1.DBI.PhRT 2,082,k
E Ps L Pa R erY
i {Ps = PB)
v

Z.BBZ.PART
{ Ps

ACP (INVENTORY)

®2|DBZ¢HH
E (1]

= em aw

{a), R1 : E{-->EZ2 , DBR:t (Part}), DBZ (Warehouse).

Figure 15 : continued.

-34-



Relationships In A HDDB Environment

E2 El 4]
R ) O (e e
i K ] |
v v v
1.032.PART @I.DBZ.HH 2.DB1,F8
I:O t s R aTy
i ACP (INVENTDRY) YL I
v v
£ ] C 1]
'y
v
Z.BBI-PU
E Pe

(b}, RY : E2-->EL1 , DB! (Part), DEZ (Warehouse).

Figure 15 : Interdatabase Relationship GDAGs,
R1 : DBY (Part); DEZ2 (Warehouse)
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Ea Elc R2
entry -v----- @ ------------------ )@- ------------------ )@- ------ } exit
HE . ix
v v v
I.DBI.PﬁRT l.DBI.PART 2.D83.COHB,ASSEHB
E Pe C Pe R 0Ty
i Py = PR}
v
Z.DBB.PART
€ 4]
1 ACP
]
2,053, CONP_ASSEMD
E pw

{a), R2Z : Eta-->Elc , DBi (Assembly}, DE3 (Component).

Figure {6 : continued.
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Bt Ela k2
e O O () et
HE 1 K 3
V v v
l.nBS.PhRT l.DBB.PﬁRT Z.DBI.PSTR
E P2 c 4] R gTY
! (Px = P8)
v
E.DBI.PSTR
c pal
v
v
E.DBI.PSTR
E Pai

(b}, R? : Elc-->Ei{a , DBi{ (Assembly), DB3 (Component).

Figure 16 : Interdatabase Relationship GDAGs.,
K2 : DB! (Assembly); DB3 ({omponent)
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