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Towards a Catalog Standard for the Relational Model Version 2
A Manifesto

Abstract

This manifesto presents a formal model of the structural and integrity
aspects of the Relational Model of Data Version 2 (RM/V2) as presented by
Codd. Because the modelling tool used is the Relational Model itself, this
formal model is in fact a proposal for a relational catalog standard. It is
argued that such a standard is sorely needed for many purposes, which
include the obvious need for an RDBMS catalog standard, the assessment of
RM/V2 and proposed enhancements to RM/V2, educational purposes, the
assessment of RDBMSs and CASE-tools that claim to support the Relational
Model, and the assessment of applicstion database desfgns. The manifesto
attempts to create a basis for further research in these directions.

1. INTRODUCTION

The Relational Model of Data is a model that enables application designers
to capture reality in a formal way by means of relational data structures
and constraints expressed in a Relational Language (RL). The Relational
Model has been the dominant data model for some time and will probably
remain so for long. Implementors of parts of the model in DBMS products
have enjoyed great commercial success., Future implementation of neglected
aspects of the model and additions to the model will probably consolidate
this success. If so, application design with the Relational Model and
application realization with RDBMS products will vremain ‘standard
procedure'’ for the foreseeable future.

Although the Relational Model is a powerful tool for designing formal
models of reality, the model itself is rarely expressed by means other than
detailed and careful verbal description. Codd's latest book on version 2 of
the model [CODD90], which is the foundation of this manifesto!, is a good
example of this practice. The result is a specification that lends itself
to formalization, but this final step is transferred to the vendors of CASE
and RDBMS products. The intuitive doubts one may have about their
faithfulness to the model is strengthened by Codd’s repeated complaints
about RDBMS vendors.

An example of an attempt to formalize the Relational Model can be found
in [DATE83]. Interestingly enough, Date uses a mathematical notation as his
modelling tool. It would seem much more elegant if the Relational Model
itself were used as such because (1) the Relational Model is supposed to be
a powerful tool for specifying formal systems and because (2} the
Relational Model is a formal system itself, Another relevant observation in
this respect is that there is no essential difference between data and
metadata [CURTS81] [ROSS81l] [VELD91b]. In other words, self-descriptiveness
is an important agpect of ‘good’ data models.

An application of the self-modelling procedure with respect to a data
model can be found in [NIJS89]. In this manifesto we aim to do the same for
the Relational Model, more specifically Codd’s latest version of this model

1 References to [CODD90] are hereafter specified by their page or

chapter number only.
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(RM/V2). The resulting description can be used for a number of interrelated
purposes, One can l1dentify at least nine such purposes.

First, support of Data Base Management Systems for a data model requires
formalization of that model in the DBMS software. Modelling the data model
is thus a prerequisite for successful DBMS implementation. More
specifically, RM/V2 demands that an RDBMS has a self-descriptive catalog,
accessible to the user by means of an RL. The catalog is a special purpose
relational database used by the RDBMS to store among others the structural
and integrity aspects of application databases. The representation in the
catalog of the catalog Itself is equivalent to a relational representation
of the Relational Medel, at least of its non-manipulative aspects. The
RM/V2 description to be presented can thus be used as input for RDBMS
design,

Second, a RM/V2 catalog model should be used as a basis for a Relational
Catalog standard. Lack of catalog standardization presently limits
application portability and metadata accessibility, but may wvery well
become a major bottleneck for achieving heterogeneously distributed DBMSs,

Third, a catalog model can be used as a means to measure the faithfulness
to RM/V2 of both RDBMSs and Dictionary tools that claim to be useful in the
relational database design process, A viable procedure to achieve this is
to implement the catalog together with a database description that exploits
every construct allowed by RM/V22., If it is not possible to transfer the
catalog contents to the RDBMS or Dictionary product, this product does not
make it possible to exploit all features of RM/V2. If the contents of the
RDBMS or Dictionary product cannot be transferred te the RM/V2 catalog,
this product allows non-relational constructs, resulting in poor and non-
pertable database designs. In either case, the RDBMS or Dictionary product
is not fully relational as far as the non-manipulative aspects of RM/V2 are
concerned,

Fourth, the process of deriving a catalog model may reveal omissions,
inconsistencies and ambiguities that have been overlooked by readers or
writers of verbal descriptions of RM/V2.

Fifth, a catalog model is useful for assessing and discussing the merits
of proposed enhancements of RM/V2, because the model combines formality
with compactness and understandability. Furthermore, the effects of
proposed enhancements on the complexity and the elegance of the catalog
model itself provide a yardstick against which proposed enhancements can be
measured. For example, it appears that the catalepg model presented is quite
complicated by the inability of RM/V2 to deal with generalization problems.
The promised introduction of gemeralization support in RM/V3 [p.480) should
thus have a profound and positive influence on the RM/V3 catalog model.

Sixth, a catalog model is a powerful tool for the education of database
designers. A catalog model that is implemented in RDBMSs and CASE tools not
only prevents the designer from devising ‘forbidden’ database models, but
also offers insight in the Relational Model itself. Studying the model and
querying the catalog self-description may be the easiest and most efficient
way to gain insight in the Relational Model.

Seventh, besides preventing database designers to devise non-relational
databases, a catalog model is a powerful tool for assessing (1) whether all
RM/V2-concepts are covered by a database design and (2) whether this
database design is internally consistent. The first criterion is satisfied
if all catalog tables to be presented in this manifesto are filled, while

2 As appendix A shows, the description of RM/V2 itself is mnot an
example of such a database.
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satisfaction of the second criterion requires all constraints in appendix B
not to be violated. During the (probably long) peried in which available
RDBEMS products will not fully support RM/V2, an implementation of the
catalog model provides organizations with a means to manage the quality and
portability of their application database designs. The catalog model thus
becomes a temporary means to protect investments in non-fully relational
DBMS environments.

Eighth, a catalog model permits the experienced. database designer to
design his application database as an extension to the catalog model, This
blurring of data and metadata makes it possible to design extremely
flexible applications that are cost-effective in enviromments characterized
by unpredictable change, 1like management information systems [CURT81]
[VELD90] [BOOG91]}. For these implementations catalog standardization (see
item 2) is exceptionally important,

Finally, a catalog model can serve as an aid in research directed at
developing software tools and models that enable organizations to cope with
evolutional change of their applications [SHNES2] {VELD%la]. The basis for
this research is the observation that the extent to which the Relational
Model supports logical data independence is quite poor.

Many of the arguments presented above are reminiscent of Codd's description
of the use of data models in database management [CODD81l]. In this respect
it is unfortunate that Codd seems to be opposed to "“casting as much as
possible of the system’s behaviour into data structure" [p.244). This is
not only in contrast with both database design theory (mormalization
theory) and practice, but it also obstructs crucial activities like catalog
standardization [p.424] and catalog extension [p.278]. It would be very
interesting to compare a proposed catalog standard according to Codd’s
design criteria to the catalog presented in this manifesto, which is based
on a conventional database design approach,.

In the following sections RM/V2 is described in an incremental fashion,
This is necessary to keep the catalog model comprehensible and it provides
the reader with an opportunity to skip aspects of the model he or she
considers less interesting. The reader 1s supposed to have at least a basjic
understanding of the Relational Model and relational database design.
Knowledge of Codd’s book RM/V2 [CODD90] is helpful, Only the catalog model
itself is presented and explained. The derivation of the model is mnot
discussed. The constraints pertinent to the catalog model, 1i.e. entity
integrity, referential integrity, domain integrity, A- and I-mark
integrity, and the uniqueness of primary and alternate keys, are not listed
as constraints. These constraints are implicitly defined by the contents of
the self-descriptive catalog structure in appendix A,

The authors have tried to follow Codd’'s description all the way. However,
in some cases, this results in a needlessly complicated and constrained
catalog model. In these cases, the apparently better option has been
preferred. Wherever this situation occurs, the deviation 1is amply
discussed., Still, the authors do net pretend that the presented catalog is
the best design possible. In some instances there are multiple modelling
solutions, none of which is clearly ‘the best’. This phenomenon points to
weaknesses in RM/V2 (see also [MCGE76]), but discussion of these weaknesses
is beyond the scope of this manifesto. Suffice to say here that a
‘canonical’ catalog standard of RM/V2 does not exist.
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The discussion of the model is divided into a number of parts (see figure
1), to each of which a separate section is devoted.

Section Subject
2 The Basic Model

3 Composite Columns and Composite Domains

4 Archives, Snapshots and Relational Assignments
5 Views

6 Indexes

7 Constraints and Triggered Actions

8 Built-in and User-Defined Functions

9 Synonym Names and Naming Rules

10 Database Users
il Authorization
12 Audit Logging
13 Distributed Database
14 Database Statistics

Figure 1: Aspects of an RM/V2 catalog model

Section 15 provides an overview of the complete model. Section 16 contains
some concluding remarks. Appendix A and B together provide a description of
the catalog model in an unambiguous manner. Appendix A lists the definition
of the catalog model in terms of its own database definitiom. It consists
of a number of table contents of relations introduced in the body text.
Appendix B reformulates the catalog’'s database constraints in SQL-
statements wherever possible. Appendix C briefly lists some of the authors’
criticisms with respect to RM/V2 itself,

2. THE BASIC MODEL

Basic to the Relational Model are concepts like ‘relation’, ‘domain’,
‘attribute’, ‘key’, ‘entity integrity' and ‘referential integrity’. Figure
2a depicts a relational schema that expresses these concepts. The boxes
represent relations, the arrows represent foreign key to primary key
references between these relations.

R_TABLE J+— COLLWN =1 DOMAIN

sy &
]
) ] KEY-
KEY-REF > KEY - COLUMN DOM_RANGE

R_TABLE(RT_NM, RT_TYPE, RL_EXPR)
COLUMN(RT WM, NN o “HM, COL_SEQ#, DOM_NM, A_MARK_ALL, I_MARK_ALL)
DOMAIN(DOM_NM TYPE, COMP ALL, Bb_ TYPE N, “LENGTH] SCATE)

KEY REF(BT I!H PK ET_NM_FK, §! NM}
KEYCRT NM, KEY NM NH KEY_TYPE

KEY_COLUMNCRT_WM, run coL i, KEY_COL_SEQ#)
DOM_RANGE(DOM_NM, DR SEG# L WIVAL) —

Figure 2a: A basic model of the Relational Model
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An R_TABLE (or relation) in the Relational Model must have a unique name
(RT_NM). An R Table is either a base relation or a view (RT_TYPE), Views
are defined in terms of other views and/or base relations by means of a
statement in a relational language (RIL_EXFR).

A COLUMN (or attribute) is identified by its name together with the name
of the relation to which it belongs (RT_NM, COL _NM). Columns are assigned a
sequence number for default presentation purposes. Every column belongs to
a domain (DOM_NM). Columns that do not belong to the primary key can be
allowed to be unknown but applicable (A MARK ALL), unknown but inapplicable
(I_MARK ALL) or both3.

A DOMAIN must have a unique name (DOM NM), If a primary key column draws
its wvalues from a domain, it is a primary domain (DOM_TYPE). An indicator
(COMP_ALL) designates whether comparison of domain values is meaningful.
Domains are extended data types based on DBMS dependent basic data types
(BD_TYPE_NM) 1like ‘character’, ‘number’ and ‘'date’. Depending on the
datatype the columns LENGTH en SCALE may be applicable.

Aside: Although Codd only speaks of "a range of values" permitted in
¢olumns belonging to a domain the authors believe multiple ranges of
values are not forbidden. Admitting only one range of values per domain
impairs the interpretation by catalog users of the mesning of the domain
and leads to unnecessary domain constraints. Disallowing multiple ranges
amounts to abolishing the view of domain as ‘a pool of wvalues’ [CODD70],.

The relation DOM_RANGE permits the specification of multiple ranges of
values per domain by means of the columns LOVAL and HIVAL. If no range of
values is specified for a domain, the range of values is only limited by
the basic data type assigned to the domain.

A KEY is formed by one or more columns of one relation that identify a
tuple in some relation. Primary and alternate keys identify tuples in the
R-table to which these keys belong themselves. Foreign keys identify tuples
in one or more R-tables designated by KEY REF, if none of the foreign key
columns contains an A-mark.

Aside: Codd makes no mention of the term candidate key or alternate key
anymore., Alternate keys are considered to be user-defined constraints.
However, he does specify that for each column the DBA should be able to
specify that all values of a column are required to be distinct from one
another [p.l56], which amounts to alternate key support. Because full
support for alternate keys leads to a less complicated catalog model such
keys have been included.

KEY_COLUMN contains the columns constituting a key. A key columm is
identified by the combination of the identifiers of the R-tables KEY and
COLUMN, The column KEY_COL_SEQ# provides the mechanism te couple a foreign
key column to a primary key column., Composite primary/foreign key
combinations must have matching sequence numbers for their columns. It is
not possible to use the rule that matching primary and foreign keys should

If the DBA specifies that a columm is no longer to contain
marks of any type, Codd requires the RDBMS to tolerate existing
marks {p.253]. If the RDBMS is to be able to monitor its own
integrity, changing a ‘marks-allowed’ indicator from ‘YES' to
*NO' requires the RDBMS to mark the marked tuples as ‘inserted
before disallowance of marks'.,
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have the same domain because more than one column in & key can belong to a
given domain. A foreign key references at least one R-table. Every such
reference is expressed by a KEY REF-tuple.

It appears that the core aspects of the Relational Model can be expressed
quite concisely and, at least in our opinion, elegantly by means of the
Relational Model itself. Nevertheless, there remain a number of constraints
that are not enforced by the data structure of figure 2a. These constraints
have to be expressed in an ad hoc manner by means of RL and stored in the
catalog (see section 7). Figure 2b lists the constraints pertinent to the
basic model of figure 2a. In appendix B these constraints are formally
expressed in SQL.

BMOl- Every tuple in R _TABLE is referenced by at least one COLUMN-tuple.

BMO2~ No view definition (RL_EXPR) is directly or indirectly recursive.

BMO3- Every tuple in R TABLE for which RT_TYPE = ‘'BASE’ or ‘CHECKOUT’ (see
section 4) is referenced by a KEY- tuple having KEY_TYPE = 'PRIMARY’.

BMO4- The subset of KEY-tuples for which KEY TYPE = ‘PRIMARY’ does not
contain duplicate values for RT_NM.

BM0O5- Every tuple in KEY having KEY_ "TYPE = ‘FOREIGN’ is referenced by at
least one KEY REF-tuple, while “other tuples in KEY are not referenced
by KEY_REF- -tuples.

BMO6 - Every “tuple in KEY REF references a tuple in R _TABLE that is
referenced by a tuple in KEY having KEY TYPE = 'PRIMARY’.

BMO7- Every tuple in KEY is referenced by at least one KEY_ COLUMN-tuple.

BM0O8- KEY-tuples with KEY_TYPE = 'PRIMARY’, that are referenced via KEY_REF
by a KEY-tuple with KEY _TYPE = ‘FOREIGN' are referenced by pai_rs of
KEY_ COLUMN-tuples with corresponding values for KEY_COL_SEQ#,
referencing COLUMN-tuples with the same wvalue for DOM NM.

BMO9- No two KEY-tuples, for which KEY TYPE = ‘PRIMARY', ‘FOREIGN’ or
‘ALTERNATE', can be referenced by identical sets of KEY_COLUMN-
tuples, except for key combinations in which the wvalues of KEY_TYPE
are either 'PRIMARY' and ‘FOREIGN' or ‘ALTERNATE’ and ‘FOREIGN’.

BM10- The column RL EXPR in R _TABLE contains an I-mark if and only if
RT_TYPE = ‘BASE’.

BM11l- The wvalues of COL_SEQ# in the set of COLUMN-tuples with the same
value for RT_NM are numbered consecutively up from 1 to the number of
tuples in the set.

BM12- The wvalues of KEY _COL SEQ# in the set of KEY_COLUMN-tuples with the
same value for RT_| NM and KEY NM are numbered consecutlvely up from 1
to the number of tuples in the set.

BM13- No tuple in COLUMN that is referenced by a tuple in KEY COLUMN that
references a tuple in KEY having KEY TYPE = ‘PRIMARY’ has a ‘YES’
value for either A_MARK ALL or I_MARK . ALL,

BMl4- No tuple in COLUMN that is referenced by a tuple in KEY COLUMN that
references a tuple in KEY having KEY TYPE = ‘FOREIGN’ has a ‘YES'
value for I_MARK AILL.

BM15- Every value of LOVAL is less than or equal to the value of HIVAL in
the same DOM_RANGE-tuple.

Figure 2b: User-defined constraints on the basic model (continued on the
next page)



BM16- The values of DR_SEQ# in the set of DOM RANGE-tuples with the same
value for DOM NM are numbered consecutively up from 1 to the number
of tuples in the set,

BM17- Tuples in DOM RANGE with the same value for DOM_NM do not have
overlapping ranges.

BM18- Every value of LOVAL or HIVAL belongs to the basic data type of the
DOMAIN-tuple referenced by the DOM_RANGE-tuple.

Figure 2b: User-defined constraints on the basic model (continued)

The majority of these constraints require no elaboration and are easily
expressed in RL (see appendix B). Exceptions are constraints BMO8 and BMOO,
which are quite complex, and constraints BM0O2 and BM18, which cannot be
expressed in RL, but must be implemented in a host language. Constraints
BMO4, BM1l and BM12 will be trivially modified in section 10 (see Figure
10¢).

3. COMPOSITE COLUMNS AND COMPOSITE DOMAINS

RM/V2 provides support for composite columns and composite domains.
Composite columns and domains offer an easy way to express joins in which
multiple columns are involved. Figure 3a depicts a schema that expresses
these concepts. Single lined boxes represent relations presented
previously. Double lined boxes represent new relations. Relevant columns
that have been presented previously are represented in lower case.

EOLUMN  [—— | DOMAIN

Fy F F Y &
COLUMN- DOMATN-
STRUCT STRUCT

COLUMN(Pt gol _nm, ..., dom nm, a_mark_all, i_mark_ all)
DOMAIN(GOR 1, +ovy COMP ALL, reu}

COLUMN_STRUCT(RT NM, COL NM SUP, COL NM _SUB, CS_SEQR)
DOMAIN_STRUCT(DOW NM_SUP, DOM NM_SUB, D5_SEQ#)

Figure 3a: Catalog support for composite columns and domains

The similar treatment of elementary and compoesite columns and domains is
reflected in the catalog model. For every compesite column or domain there
exists a tuple in COLUMN or DOMAIN respectively. The structure of
composites is reflected in the R-tables COLUMN STRUCT and DOMAIN_STRUCT.
Columns RT_NM and COL_NM SUP designate the composite column, columns RT NM
and COL_NM SUB designate an elementary column, and CS_SEQ# specifies the
sequence number of the elementary column in the composite column’s
specification. The R-table DOMAIN STRUCT provides the same function for
composite domains,

Figure 3b (overleaf) lists the constraints with respect to composite
columns and domains.



CM01- The set of tuples in COL_NM SUP, projected over USER NM, RT NM and
COL NM_SUP, 1is disjunct from the set of tuples projected over
USER_NM, RT NM and COL_NM SUB. ‘

CMO2- The set of tuples in DOM_NM SUP, projected over DOM NM SUP, is
disjunct from the set of tuples projected over DOM_NM SUB.

CM03- The wvalues of CS_SEQ# in the set of COLUMN_STRUCT-tuples with the
same value for COL_NM SUP are numbered consecutively up from 1 to the
number of tuples in the set.

CM04- The values of DS_SEQ# in the set of DOMAIN_STRUCT-tuples with the
same value for DOM_NM SUP are numbered consecutively up from 1 to the
number of tuples in the set.

CMO5- For every composite COLUMN-tuple there exist corresponding pairs of
COLUMN_STRUCT and DOMAIN STRUCT-tuples for which:

- C5_SEQ# and DS_SEQ# are equal;

-DOM_NM SUP in DOM_STRUCT equals DOM_NM in the COLUMN-tuple designated
by COL_NM_SUP;

- DOM_NM_SUB in DOM_STRUCT equals DOM_NM in the COLUMN-tuple referenced
by the COLUMN_STRUCT-tuple.

CMO6- If columns constituting a composite column have different values for
A _MARK ALL or I_MARK ALL, these columns are assigned I_MARKs for the
composite column tuple while the values are inherited by the
composite column tuple if the elementary columns have similar values
for A_MARK ALL or I_MARK ALL. Elementary columns cannot accept marks
for A_MARK_ALL and I MARK ALL.

CMO7- If domains constituting a composite domain have different wvalues for
COMP_ALL, this column is assigned the value 'NO’ for the composite
domain tuple, while the value is inherited by the composite domain if
the elementary domains do not have different values for COMP_ALL,

CMO8- DOMAIN-tuples must contain an A-mark for BD_TYPE NM and I ‘marks for
LENGTH and SCALE if and only if they are referenced by DOMAIN STRUCT-
tuples by means of the column DOM_NM_SUP.

CM09- A KEY_COLUMN-tuple must not reference a composite COLUMN-tuple.

Figure 3b: Constraints for composite columns and domains

Constraints CMOl and CM02 specify that composites of composites are not
allowed to exist. These rules are specified because Codd does not see a
practical need for such constructs {p.38]}. It is interesting to note that
support for composite hierarchies would result in different constraints
{(i.e., no loops in the hierarchies) that cannot be expressed in RL, and
thus would be cumbersome to support. If support for ‘recursive join' will
be included in RM/V3, composites of composites will be supported easily.

Constraint (M09 is introduced to prevent the database user from
specifying redundant indexes (see section 6).

Constraints CMO1 and CMO3 will be trivially modified in section 10 (see
figure 10c). Constraints CM0O6 to CMO8 are neither mentioned by Codd nor
implied by his discussion of the subject, but seem reasonable nevertheless.



4., ARCHIVES, SNAPSHOTS, RELATIONAL ASSIGNMENTS AND CHECKOUTS

Apart from base relations and views, relations in RM/V2 can take the form
of archives, snapshots, relational assignments, checkouts and replicas. An
archive is a copy of a base R-table or a view, usually made for performance
or safety purposes.

A snapshot is a relation valued expression in RL that is stored as a
relation, and is accessible to authorized users. Updates on base relations
after the creation of the snapshot are not reflected in the snapshot, like
is the case with archives. Unlike an archive, a snapshot is accessible by
terminal users and application programs. The differences between a snapshot
and a relational assigrment are:

l- a snapshot must have a primary key, while the designation of a primary
key to a relational assignment is optional;

2- a relational assignment is not accessible to other database users and
is discarded at the end of the session in which it is created.

A checkout is a special kind of snapshot, used in engineering environments

{p.240). A checkout enables the user to make a copy of part of the database

for the purpose of making design changes to an object of interest, like a

piece of machinery. The RDBMS marks the copied rows to ensure that these

rows are not updated. At the time the checkout is returned, the RDBMS

resets the marks.

Replicas are used in commection with distributed database management.
Therefore, discussion of replicas is postponed to section 13, Figure 4a
depicts the extensions to the catalog necessary to support the constructs
discussed.

ARCHIVE }——s| R_TABLE |e————  KeY

ARCHIVE( HIVE NM, RT_WNM, CR_DATE, CR_TIME)
R_TABLE(rt nm, r[ _expr, rt _type, CR DATE, CR_TINE)

KEY(rt_nm, key nm, key_type)

Figure 4a: Catalog support for archives, snapshots and relational
assignments

The column RT_type distinguishes between snapshots, relational assignments
and checkouts. Archives are represented by a separate R-table, Every
archive has an associated source relation (RT_NM). An archive has a
creation date (ARCHIVE.CR DATE) and time (ARCHIVE.CR TIME). Archiving and
reactivating archives can be done by hand or by means of a clock-triggered
action (see section 7). Every snapshot has a definition in RL (RL_EXPR) and
a creation date (R _TABLE.CR DATE) time (R_TABLE.CR_TIME). The columns
CR_DATE and CR_TIME are relevant for any R-table, not just for snapshots.

Figure 4b lists the constraints pertinent to archive and snapshot support.



10

AROl- The combination of CR_DATE and CR_TIME in ARCHIVE does not exceed the
current system date and time,

ARQ2- The combination of CR DATE and CR_TIME in R TABLE does not exceed the
current system date and time.

ARO3- Tuples in R_TABLE for which RT _TYPE < ‘BASE’, ‘VIEW' or ‘CHECKOUT’
are not referenced by KEY-tuples for which KEY TYPE = ‘FOREIGN’.

Figure 4b: Constraints for archives, snapshots and relational assignments

Constraints ARO3 and ARO4 are introduced to prohibit the specification of
foreign keys for snapshots and relational assignments. Although Codd does
not mention this requirement, prohibition of such keys for snapshots
follows from the fact that referential integrity cannot be enforced,
because changes to the database are mnever reflected in the snapshots’
contents.

Checkouts must have primary keys, while archives and snapshots can have
them., With regard to archives the DBMS software may presume the primary key
to be inherited from the source R-tasble. Note that the DBMS software must
take action with regard to existing archives, whenever changes are made
with respect to the source relation by means of DDL. Codd does not describe
the action to be taken by the RDBMS in this case. Finally, we indicate that
the relation between the R-tables ARCHIVE and R_TABLE will be changed in
section 13, due to the introduction of database sites., This will result in
the transfer of the columns CR_DATE and CR_TIME to another R-table and a
trivial change in constraint ARG2.

5. VIEWS

Although general support for views has already been provided in the basic
model presented in section 2, supporting all requirements concerning views
requires specific extensions to the catalog model. These extensions are
depicted in Flgure 35a.

R_TABLE [+ | DOMAIN
R_TABLE(rt_nm, rt_type, ..., INS_ALL, DEL ALL)
COLUMN(Ct Twn, colrem, ..., dom_nm, ..., UPD_ALL, RT_NM_BASE, COL_NM_BASE,

TYPE_NM, LENGTH, SCALE)

DOMAIN{gom rm, ...)
Figure 5a: Catalog support for views

The fact that wviews may have primary and foreign keys has already been
covered by the basic model, Therefore, the catalog tables containing
information about keys, key-columns and key-references are not showm.

The relation R_TABLE is extended with columns that designate whether
inserts (INS_ALL) and deletes (DEL ALL) on the view are allowed, For the
same reason, the column UPD_ALL is added to GOLUMNS. The values of these
columns are determined at view definition time by a special algorithm.
Depending on these wvalues, the RDBMS software accepts or rejects attempts
to medify the database via the view.
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At view definition time, the DBMS software tries to determine a source
colum for every view column. If such a column exists, a reference to it is
included in the catalog relation COLUMN by means of the columns RT_NM_BASE
and COL_NM BASE.

At view definition time, the domains to which the view columns belong
are, if possible, determined by the RDBMS software. If the domain cannot be
determined, only the basic data type of the view column is stored in the
catalog. This means that some COLUMN-tuples cannot be required to reference
DOMAIR-tuples anymore. Because each column must have a basic data type, the
DOMAIN columns BD TYPE NM, LENGTH, and SCALE have now been duplicated in
COLUMN.

Because views are often unnormalized relations, it is not guaranteed that
an updatable view can always be updated freely. Codd states [p.302] that it
is the responsibility of the DBA to declare for each base relation and view
whether it is fully normalized. The information in this declaration is
saved in the catalog. For this reason he distinguishes a number of
generalized constraints, to be supported by the RDBMS. Discussion of this
constraint support feature is deferred to section 7.

Aside: It is not clear why Codd is so concerned about possible update
anomalies, because updates on views are translated to updates on base
R_Tables. Update anomalies resulting in wunpermitted database states
cannot be effected because in such cases one or more constraints will be
violated (see section 7). Specification by the DBA of constraints at view
level seems redundant as well as error-prone.

A last aspect of view support concerns so called ‘view interpretation
functions' that can be used to solve update ambiguities in views that are
unions of base R _Tables. Discussion of these functions is deferred to
section 8. '

The constraints that apply to the described extensions te the catalog are
listed in Figure 5b,

VW0l- An R_TABLE-tuple contains I-marked values for INS_ALL and DEL_ALL and
a COLUMN-tuple contains I-marked values for UPD._, “ALL if and only if
RT_TYPE <> ‘VIEW'.

VW02- For every COLUMN-tuple, the columns RT_NM BASE and COL_NM BASE are
both I-marked or not marked.

VW03- Every COLUMN-tuple for which the column RT_NM_BASE is not I-marked,
references an R _TABLE-tuple for which RT TYPE contains the wvalue
‘VIEW'.

VW04 - COLUMN-tuples for which the column DOM NM is A-marked reference
R_TABLE-tuples for which RT_TYPE = 'VIEW’, ‘SNAPSHOT’ or 'REL_ASGN’,

VW05~ COLUMN- tuples, for which the column DOM_ NM iz not marked, have values
for BD_TYPE_NM, LENGIH, and SCALE that are equal to the wvalues of
sxmllarly named columns in the referenced DOMAIN-tuple.

Figure 5b: Constraints for view support

Constraint VW02 will be trivially modified in section 10 (see figure 10c).
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6. INDEXES

Indexes are non-relational constructs that may only affect the performance
of DML-operations on a relational database. Codd does not require a an
RM/V2 DEMS to support conventional indexes. He only requires the catalog to
support the construct if the DBMS provides the PBA with indexes (feature
RE-14),

Surprisingly, Codd does regquire RDBMS wvendors te support the non-
relational construct of the domain-based index (feature RD-7). This type of
index contains wvalues of columns that belong to one specific domain. A
subset of the columns belonging to the domain can be included in the index.
Domain based indexes are ideally suited to speed up equi-joins,

Figure 6a expresses the extensions to the catalog to support both
conventional and domain-based indexes.

R_TABLE |= COLUMN +|  DOMAIN -
& n
KEY~ DB_INDEX- !
KEY A COLUNM col —=| DB_INDEX

® TABLE(L! y ool
COLUMNCr Lom, ..., dom_rm, ...)
Eg?m( I"III. ane )k INDEX. N3

rt_nm, key om, key_type, IND
EE‘{nglE.t*Mgg{t o, "key nm, % col_seqH)
DB_INDEXTINDEX_NM, DOM_HM T

Figure 6a: Catalog support for indexes

The catalog treats domain based indexes and conventional indexes
differently. It is assumed that it is possible to define more than one
domain based index on a specific domain. To achieve this, the relations
DB_INDEX and DB_INDEX COL are added to the catalog., DB_INDEX contains the
existing domain-based indexes and designates the domain to which the index
belongs. DB_INDEX_COL contains the columns constituting a domain-based
index. The catalog structure permits the allocation of "one column to
several indexes based on the column's domain,

Conventional indexes are mnot tied to domains but to R-tables. In most
cases conventional indexes will coincide with primary, foreign or altermate
keys, because selections, joins and orderings will normally be based on
such keys. Therefore, it seems a good idea to extend the use of the catalog
structures that support these keys. To achieve this, the column INDEX NM is
added to the relation KEY. INDEX NM may be I-marked. Indexes on columns or
combinations of columns that do not constitute a primary, foreign or
alternate key are supported by permitting KEY-tuples for which KEY TYPE =
‘INDEX'. Of course, INDEX NM itself constitutes an alternate key for the R-
table KEY,
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Figure 6b lists the user-defined constraints that apply to the extension of
the catalog model.

IX0l- The projections of DB _INDEX and KEY on their column INDEX NM are
disjunct.

IX02- Every DB_INDEX-tuple is referenced by at least two DB_INDEX COL-
tuples.

IX03- Every tuple in DB INDEX COL references the same DOMAIN-tuple via
COLUMN and DB_INDEX.

IX04- The projectlon of the columns RT NM and COL NM in DB_INDEX COL for
one given value of INDEX NM is not a subset of another such
projection for another value of INDEX WM.

IX05- DB_INDEX COL tuples do not reference R_TABLE-tuples (via COLUMN) that
have the value 'VIEW' for their column RT TYPE,

IX06- KEY-tuples for which the column INDEX NM is mnot I-marked reference
R_TABLE-tuples for which RT_TYPE < ‘VIEW'.

IX07- KEY-tuples for which KEY_TYPE = ‘INDEX’ do not have a I-mark for
their column INDEX_NM.

1X08- For the subset of KEY-tuples for which INDEX NM is not I-marked, the
projection of the columns RT NM, GCOL NM and KEY COL SEQ# in
KEY COLUMN for one given value of KEY NM is not a subset of another
such projection for another KEY-tuple.

Figure 6b: Constraints for indexes

Constraint IX0l forbids domain-based and conventional indexes to have the
same index name, as indicated by Codd’s feature RE-17. Constraints IX04 and
IX08 forbid the specification of redundant indexes. Such indexes do not
improve retrieval performance and impair update performance. Allowing the
user to specify a redundant index is thus a violation of the idea that lies
at the root of index support.

The purpose of domain-based indexes is to speed up joins. Joins are often
performed over more than one column., To support such joins effectively,
domain-based indexes must be applied to composite columns and domains.

Constraints 1IX01, IX04 and IX08 will be trivially modified in section 10
(see figure 10c).

7. CONSTRAINTS AND TRIGGERED ACTIQONS

There are two problems involved in defining a catalog standard that
supports constraints and triggered actions in RM/V2. The first problem is
the occurrence of generalization problems in this area. Although
constraints require a uniform treatment for many purposes, GCodd
distinguishes five different classes of constraints, each with its own
peculiarities, that should be supported by a BRM/V2-catalog. If, as
promised, RM/V3 will offer generalization support, the part of the catalog
to be described in this section will become much easier to comprehend and
implement. The current Jlack of support for generalization censtructs
provides us with various design options, none of which is obviously
‘correct’ [VELD20] [BOQG91].

A second problem is caused by the fact that although constraints express
much of the semantics of a database design (including the catalog design),
it seems impossible to fit them in a finite number of classes. Codd rightly
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claims that the Relational Model is superior over many other data models

[CODD81] because it includes an RL by which most constraints can be
expressed. Unfortunately, the semantic content of constraints expressed in
this way cannot be found in the catalog by either the DBMS or a human user.
This is in contrast to constraints that can either be expressed in R-table
structures (like functional dependencies that are a consequence of the
primary key) or explicitly in the RM/V2 catalog (like a primary key
uniqueness constraint). Somewhere, one has to draw an arbitrary line
between generalized and non-generalized constraints. Attempts of the DBMS
to interpret the meaning of the latter type of constraints means blurring
the distinction between programs and data and is at least a very
complicated and probably an impossible task.

As noted in the introduction, Codd takes a rather negative position with
regard to the use of data structures to capture reality. In his RM/V2 book
he specifies that constraints net only can be expressed linguistically, but
they also should be expressed linguistically [p.244]. At the same time he
requires a fully relational DBMS catalog to support the various types of
dependencies as generalized constraints,

The authors feel that it would have been better to specify that every
constraint should be either explicitly expressed in RL or be expressible in
RL by the RDBMS software on the basis of the information in the catalog.
Nevertheless, the authors have followed Codd’s specifications, except with
respect to alternate keys, for the same reason as in section 2.

Figure 7a shows the extensions to the catalog necessary to support
constraints and triggered actions.

KEY  |——+| R_TABLE |+——— COLUMN |——| DOMAIN

& l A
RI_CA COL_CA
Ty
- [ E—
»| COND_ACT |+
KEY(rt_nau, M key  type, ..., CA_NM, UPD_ACT, DEL_ACT)

R_TABLE{rt rm,

| coLumN¢r ,cgg ,... CA_KM_C, CA_NN_M)
{ poMain(dom et M}

RT cncmﬁ , 1u§ nzl. RET)

coL CA(R_ E m% Qg
| cowb_act NM DT CA DATE CA _TIME, INTERVAL, TTIME, IND_STATIC, TA_EXEC,
: CONSTR _TYPE)

Figure 7a: Catalog support for constraints and triggered actions

A conditional action (COND _ACT) is either an integrity constraint or a
clock-triggered action. Conditional actions are triggered by a statement in
RL (CONDITION), in which case it is a constraint, or by the passing of time
(CA_DATE, CA_TIME, INTERVAL), in which case it is a clock-triggered action.
Constraints are enforced at the end of a request (timing type TC) or at the
end of a transaction (timing type TT). Column TTIME specifies this timing
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type. Column IND_STATIC specifies whether the constraint is a static
constraint ('YES') or a transition constraint (*NO‘’). Omnly static
constraints can be executed by the DBA as a command. It is assumed that the
RL makes it possible to distinguish between the values of a data item
before and after the change. The executable routine (TA_EXEC), triggered by
the constraint or clock-triggered action is known to the catalog,

Codd distinguishes between entity integrity (E), referential integrity
(R), column integrity (C), domain integrity (D), and user-defined integrity
(U) constraints. The kind of constraint is determined by the tuples that
reference a given COND_ACT-tuple. Every integrity constraint can be invoked
as a command by means of its unique name (CA_NM). E-constraints, R-con-
straints, and alternate keys are represented in the catalog by KEY-tuples
with KEY-type = ‘PRIMARY’, ‘FOREIGN’ or ‘ALTERNATE’. Every such tuple
references a COND_ACT-tuple by its column CA_NM.

Aside: Codd’s definition of entity integrity contains two parts. The
first part is the well known rule disallowing columns belonging to a
primary key to accept any marks. The second part disallows columns
belonging to a foreign key to accept I-marks. Apart from doubts one may
have about the appropriateness of such an extension, it seems more
appropriate for an RDBMS to enforce it as part of R-type constraint
enforcement.

For every KEY-tuple for which KEY TYPE = 'FOREIGN', the DBA must specify
the action to be taken in case of an attempt to update (UPD_ACT) or delete
(DEL_ACT) a primary key of a tuple in the R-table referemced by the foreign
key. The RDBMS may cascade the update or delete to all other foreign key
columns defined on the same domain, replace such foreign key colummns with
A-marks, or reject the attempted operation altogether if there exist
references to the tuple to be updated or deleted. '

Every domain can have one D-constraint limiting the pool of wvalues
permnitted by its basic data type. Analogously, every column can have one C-
constraint (CA_NM C) further limiting the pool of wvalues permitted by its
domain. In addition, a separate constraint can be specified (CA NM M)
disallowing the occurrence of marks of either type. Note that specifying
this constraint for primary key columns is redundant. For reasons of
consistency and productivity, the contents of CONDITION in COND_ACT are
maintained by the DBMS for constraints of type E and R, for alternate keys,
for constraints that prohibit the use of marks and for generalized
constraints (see below).

For user-defined constraints it is possible to specify the events that
trigger the constraint., If the event 1s the insertion, deletion or
retrieval of a tuple in an R-table this can be specified in RT CA. If the
event is the update of a column in a tuple this can be specified in COL_CA.

Aside: Codd stipulates that encryption and decryption, if desired, are
the responsibility of the DBA, not of the RDBMS {p.358]. Encryption and
decryption can be easily supported by the catalog. The same observation
holds for automatic archiving [p.357].

Contrary to his general position on the subject, Codd specifies that "a
fully relational DBMS should have the capability of storing (in Iits
catalog) statements defining the various kinds of dependencies - including
the functional, multi-valued, join and inclusion types of dependencies - as
they apply to the database being managed” [p.193). Generalized support for
these rarely encountered constraints requires a further extension of the



16

catalog. A column CONSTR_TYPE, designating the kind of constraint is added
to COND_ACT and a column GROUP_ID is added to COL_CA.

Functional dependencies that are not a consequence of the primary key can
be supported by adding a COND_ACT-tuple for which CONSTR_TYPE « ‘FD’. The
columns that participate in the functional dependency constraint are
designated in COL_CA. The column GROUP_ID indicates whether the c¢olumn
participating in the functional dependency constraint is functionally
dependent on other columns., For the FD "Al,A2,...,Am ---> Bl,B2,...,Bn" the
A-columns are assigned GROUP_ID =~ ‘DETERMINING’, while the B-columns are
assigned GROUP_ID = ‘DEPENDENT’.

Multi-valued dependencies can be supported by adding a COND_ACT-tuple for
which CONSTR TYPE =~ ‘MVD’'. The columns that participate in the multi-
valued dependency constraint are designated in COL_CA. For the MVD
“"Al,A2,...,Am ---> Bl1,B2,...,Bn / C1,C2,...,Cp" the A-columns are assigned
GROUP_ID = ‘DETERMINING’, the B-columns are assigned GROUP_ID = ‘DEPEN-
DENT’, and the C-columns are assigned GROUP_ID = ‘'INDEPENDENT’.

Join dependencies can be supported by adding a COND_ACT-tuple for which
CONSTR_TYPE = ‘JD’. The columns that participate in the join dependency
constraint are designated in COL_CA. For the JD "Al,A2,...,Am -->
B1,B2,...,Bn * C1,C2,...,Cp * ...." the A-columns are assigned GROUP_ID =
‘DETERMINING’, while the other columns are assigned different values for
GROUP_1ID.

Inclusion dependencies that are not a consequence of a foreign key
declaration can be supported by adding a COND _ACT-tuple for which
CONSTR_TYPE = ‘INCL DPCY’. The columns that participate in the inclusion
dependency constraint are designated in COL _CA. For the inclusion
dependency "Al,A2,...,An is-in Bl1,B2,...,Bn" the A-columns are assigned
GROUP_ID = *'SUB’, while the other columns are assigned GROUP_ID = ‘SUPER’.
Every A-column must match a B-columm belonging to the same domain. If
several A- or B-columns belong to the same domain, the resulting ambipguity
has to be resolved by means of the declaration of composite columns and
domains,

A consequence of the support of RM/VZ for these types of generalized
constraints is that the DBMS now knows in what normal form the R-Tables
(whether base or derived) are. This means that the DBMS is aware of update
anomalies and will reject update attempts resulting in an inconsistent
database state. Moreover, if a conceptual schema is denormalized for
performance reasons, the RDBMS knows what the equivalent, normalized schema
would be®., This means that Codd's requirement for explicit support for
these so called “conceptual relations® [p.320] is superfluous.

4 As discussed in |[VELD91la], either the RDBMS or a wutility
program could exploit this knowledge to renormalize the
database and rewrite the application programs.
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Figure 7b lists the constraints the catalog has to enforce.

CAQl- A COND_ACT-tuple can be referenced by a tuple in KEY, DOMAIN, COLUMN,
RT_CA or COL_CA if and only if the column CONDITION is not I-marked.

CAO02- If a COND_ACT-tuple is referenced by a KEY-tuple, then it must not be
referenced by a tuple in DOMAIN, COLUMN, RT_CA or COL_CA.

CA03- If a COND_ACT-tuple is referenced by a DOMAIN -tuple, “then it must not
be referenced by a tuple in KEY, COLUMN, RT CA or COL _CA.

CAO4- 1f a COND_ACT-tuple is referenced by a COLUMN-tuple by means of its
column CA_NM €, then it must not be referemced by a tuple in KEY,
DOMAIN, COLUMN, RT_CA or COL_CA.

CA05- If a COND_ACT-tuple is referenced by a COLUMN-tuple by means of its
column CA_NM M, then it must not be referenced by a tuple in KEY,
DOMAIN, COLUMN, RT_CA or COL_CA.

CAO6~ Tf a COND_ACT-tuple is referenced by one or more tuples in RT_CA or
COL_CA, then it must not be referenced by a tuple in KEY, DOMAIN or
COLUMN.

CAC7- The column CA NM M in COLUMN must be A-marked if and only if both
A_MARK_ALL and I_] HARK ALL contain the value *YES’.

CAOQ8 - Preferably, no COND ACT- -tuple that is referenced by either a DOMAIN-
tuple (D- constraint) or a COLUMN-tuple (C-constraint) has a wvalue
'TT’ for TTIME.

CA09- Preferably, mno tuple in COND ACT, for which CONDITION is not I-
marked, references tuples in R_TABLE having RT_TYPE <> ‘BASE' via
RT_Ca, COL_CA, COLUMN, or KEY hav1ng KEY_TYPE not equal to ‘PRIMARY'.

CAl0- If INTERVAL in COND_ACT does not contain an I-mark, CA_DATE and
CA_TIME may not contain such a mark either,

CAll-If a COND_ACT-tuple designates a dynamic constraint (IND_STATIC =
'*NO'), then the column CONDITION must not be I-marked, and the
columns CA_DATE and CONSTR_TYPE must be I-marked

CAl2- The columns CA _DATE and CA . TIME in COND_ACT are either both I-marked
or not marked.

CAl3- The columns CONDITION and TTIME in COND _ACT are either both I-marked
or not marked.

CAl4- The column CA_NM in KEY must be A-marked if and only if KEY TYPE =
*INDEX',

CAl5- Every COLUMN-tuple that belongs to a primary key has an I-mark for
CA_NM M,

CAl6- The columns UPD_ACT and DEL_ACT in KEY must be I-marked if and only
if KEY_TYPE <> ‘FOREIGN' .

CAl7- Tuples in KEY for which KEY_TYPE = ‘'PRIMARY' reference tuples in
COND_ACT for which TTIME = ‘TC’,

CAl18- Tuples in COND_ACT for which CONSTR TYPE is net I-marked cannot
accept I-marks for CONDITION.

CAl9- The column GROUP_ID in COL CA must be I-marked if and only if the
column CONSTR_TYPE in COND_ACT is also I-marked.

Figure 7b: User-defined constraints for constraints and triggered actions
{continued on the next page)
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CA20-

CA21-

CA22-

CA23-

CA24-

CA25-

CA26-

CA27-

Tuples in COND_ACT for which CONSTR TYPE = 'FD’ are referenced by at
least one COL CA-tuple for which GROUP_ID = ‘DETERMINING', by at
least one COL_CA-tuple with GROUP_ID = ‘DEPENDENT’, by no other
tuples in COL CA, by one tuple in RT CA, and by no tuple in COLUMN,
DOMAIN of KEY. The columns refer to the same R-table and the RT_CA-
tuple has the wvalue ‘YES' values for the column INS ‘No’ wvalues for
the columns 'DEL‘ and ‘RET’.

Tuples in COND_ACT for which CONSTR_TYPE = 'MVD' are referenced by at
least ome COL CA-tuple for which GROUP_ID = ‘DETERMINING’, by at
least one COL_CA tuple with GROUP_ID = *DEPENDENT' , by at least one
COL_CA-tuple with GROUP_ID = ‘INDEPENDENT’, by no other tuples in
COL_CA, by one tuple in RT_CA, and by no tuple in COLUMN, DOMAIN of
KEY. The columns refer to the same R-table and the RT_CA-tuple has
the value ’'YES' wvalues for the column INS 'No’ values for the columns
‘DEL’ and 'RET’.

Tuples in COND_ACT for which CONSTR TYPE = ‘'JD' are referenced by at
least one COL_CA-tuple for which GROUP_ID =~ ‘DETERMINING’, by at
least one COL_CA-tuple with a different GROUP_ID, by no other tuples
in COL_CA, by one tuple in RT_CA, and by no tuple in COLUMN, DOMAIN
of KEY. The columns refer to the same R-table and the RT_CA-tuple has
the value ’‘YES’ values for the column INS ‘No’ values for the columns
‘DEL’ and ‘RET’.

The set of COL CA-tuples having the value ‘DETERMINING' for the
column GROUP_ID and referencing a COND_ACT-tuple for which
CONSTR_TYPE = ‘'FD’ does not include all primary key columns of the
referenced R-table.

Tuples in COND_ACT for which CONSTR TYPE = ‘INCL_DPCY’ are referenced
by pairs of COL _CA-tuples for which GROUP_ID = ‘SUB’' and for which
GROUP_ID = ‘SUPER’, belonging to the same domain.

Tuples in COL CA, referring to a tuple in COND _ACT for which
CONSTR_TYPE = ‘INCL DPCY’ and having the same value for GROUP_ID,
have the same values for RT NM. The column GROUP_ID may only accept
the values 'SUB’ and ‘SUPER’.

Columns in RT_CA referencing a COND_ACT tuple for which CONSTR_TYPE =
'INCL._DPCY’ and referenced by COL CA-tuples for which GROUP ID =
*SUPER' have the wvalue °'YES' for the column DEL and the wvalue ‘KO’
for their columns INS and RET, while columns in RT CA referencing a
COND_ACT tuple for which CONSTR_TYPE = ‘INCL DPCY' and referenced by
COL_CA-tuples for which GROUP_ ID = ‘SUB’ have the value 'YES' for the
column INS and the value 'NO' for their columns DEL and RET.

The set of tuples in COL_CA, referring to a tuple in CGOND_ACT for
which CONSTR_TYPE = ‘INCL DPCY', and for which GROUP_ID = ‘SUB' does
not coincide with a set of KEY COLUMN-tuples referring te a KEY-
tuple for which KEY TYPE = "FOREIGN', while at the same time the
corresponding set of tuples in COL CA, for which GROUP_ID = ‘SUPER’,
refers to a KEY-tuple for which KEY TYPE =~ ‘'PRIMARY’,

Figure 7b: User-defined constraints for constraints and triggered actions

(continued)

Due to the occurrence of generalization problems, the number of ad hoc
constraints is huge and many of these constraints are quite complex. As
discussed above, the only remedy is to extend the relational model further
to deal with generalization structures. Most constraints require no further
elaboration. GConstraint CA24 cannot be fully supported by SQL (see appendix
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B). In section 10 one extra constraint with respect to conditional actions
will be introduced.

A final remark concerns Codd’'s demands that the sequence in which
constraints are executed must not affect the outcome of a transaction and
that constraints should not be inconsistent with each other. It is hard to
see how future RDBMS products can comply with these demands with respect to
non-generalized constraints. Codd himself is not very optimistic about the
emergence of tools that "simplify the discovery of inconsistencies between
integrity constraints®™ [p.266]. If his position with regard to constraint
generalization prevails, he will probably prove right.

8. BUILT-IN AND USER-DEFINED FUNCTIONS

RM/V2 requires RDBMSs to support user-defined functions. These functions
can be implemented by means of a host-language, supported by the RDBMS.
Figure 8a shows the extensions to the catalog to support both built-in and
user-defined functioms,

P

R_TABLE [+——+ RY_FUC |———=| FunCTION |+ ARGUMENT
& Y
I 1
e
SINGULAR DOMAIN  |+--——— DOM_RANGE
[l

R_TABLE(Lt_nm, rt_type, ..., ins_all, ..., FUNC_KN_ VW)

RT_FUNC(RT_NM " FURC NM)

FUNCTIONCE m: NH, HOST_LANG, ROUT_SRC, ROUT_EXEC, IND_DOD,
FUN _INV, Fuuc WM DODY

ARGUMENT ( FUNC_NM, RG SEQH, ARG _NM)

| STNGULAR (DUMMY, oou Fuuc DON_WM_ARG)

DOMAINCdom o, ...)

DOM_RANGE(dom_nm, dr_segh, ...)
Figure 8a: Catalog support for functions

For every function, whether built-in or user-defined, the catalog contains
a FUNCTION-tuple. A function is identified by its name (FUNC_NM). User-
defined functions can be defined by means of a host-language (HOST_LANG),
supported by the RDBMS. DBMS support for FORTRAN, COBOL and PL/1 is
mandatory. The identifying names of both the source routine (ROUT_SRC) and
the executable routine (ROUT_EXEC) is stored in the catalog. The column
IND_DOD indicates for statistical functions whether the function takes into
account the degree of duplication. The non-DOD version of a statistiecal
function makes a projection of an R-table over those columns that
constitute its arguments (p.340]}. If a function has an inverse, this
inverse is designated as FUNC NM INV, If a function has a (non-)DOD
counterpart it is designated as FUNC NM_DOD.

The relation R_TABLE has been extended with the column FUNC_NM VW. This
column makes it possible for the RDBMS to support inserts on views that are
a union of several relations.

The relation RT_FUNC designates the R-tables to which a function must
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have read-only access.
The relation ARGUMENT contains for every function its arguments. The
columns FUNC_NM and ARG _NM constitute an alternate key.

Codd requires RM/V2 DBMSs to support two special kinds of domains, whosze
permitted values are determined by the existing functions and the existing
arguments respectively. To avoid the hiding of information, a relation
SINGULAR, containing the names of these special domains, has been added to
the catalog. Because this relation must contain exactly one tuple, there
does mot exist a natural primary key (see [VELD91b]). Therefore, a dummy
column is designated as the primary key.

Figure 8b 1lists the user-defined constraints mnecessary to provide
adequate support for functions,

FUOl- If FUNC_NM_INV is not A-marked, the FUNCTION-tuple it references
contains the value of FUNC_NM for its column FUNC_NM_INV.

FUO2- If FUNC NM_DOD is not A- -marked, the FUNCTION- tuple it references
contains the value of FUNC_NM for its column FUNC_NM_DOD.

FUO3- If FUNC_NM DOD is not A- marked, then IND_DOD must not be I-marked.

FUO4- Functions for which FUNGC_NM_| DOD is not I-marked reference FUNCTION-
tuples for which IND DOD has a different value.

FUOS5- R_TABLE-tuples for which RT_TYPE <> 'VIEW' or INS ALL = ‘NO’ have A-
marks for FUNG_NM_VV.

FU06 - For every tuple in R_TABLE for which FUNC NM VW is not A-marked there
exists a tuple in RT_FUNC with the same values for RT NM and FUNC NM.

FU0Q7- FUNCTION-~tuples that are each others inverse or that constitute a
DOD/non-DOD pair are referenced by identical sets of ARGUMENT-tuples,
projected on columns ARG SEQ# and ARG KM,

FU08- The values of ARG _SEQ# in the set of ARGUMENT-tuples with the same
value for FUNC_NM are numbered consecutively up from 1 to the number
of tuples in the set.

FU09- The relation SINGULAR contains exactly one tuple.

FU10- The values of columns DOM NM FUNC and DOM_NM ARG in SINGULAR are not
equal.

Figure 8b: Constraints for functions

Constraints FU06 and FUO8 will be trivially modified and two constraints
will be added in section 10 (see figures 10c and 10d). -

9. SYNONYM NAMES AND NAMING RULES

RM/V2 provides a large number of rules concerning the naming of relational
objects. Many of these rules have not been described explicitly, because
they are enforced by the data structures and the constraints applying to
these structures. There remain, however, a number of rules that have yet to
be specified as user-defined constraints. Figure 9a (overleaf) contains the
part of the catalog affected by the naming rules.
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Figure 9a: Catalog support for synonyms and naming rules

Because it must be possible to assign alternate names to base R-tables and
views, the relation RT_SYN is introduced. The unary relation RL_KEYWORD is
added because names of relational objects must be different from reserved
words of the relational language. Because some naming rules apply to all
data types, whether extended (domains) or basic, the relation }
BASIC_DATATYPE 1is introduced. The columms IND_LENGTH and IND_SCALE
designate whether the columns LENGTH and SCALE in COLUMN and DOMAIN are
relevant for the basic data type. Like RL_KEYWORD, BASIC_DATATYPE is RDBMS-
supplied and not updatable by a user. These relations make it possible to
define all naming rules without having to resort to enumerating arbitrarily
large numbers of basic data types and language keywords relevant to the
patrticular RDBMS.

Figure 9b lists the constraints that enforce the additional naming rules.

NROl- The sets of R-table names designated by columns RT_NM_SYN and RT_NM
in RT _SYN are disjunct,

NRO2- The set of composite column names designated by COL NM_SUP in
COL_STRUCT is disjunct from the set of keywords in the relation
RL_KEYWORD

NRO3- The set of domain names designated by DOM_NM in DOMAIN is disjunct
from the union of RT NM _SYN in RT SYN and RT_NM in R_TABLE.

NRO4- The sets of names de51gnated by RT NM_SYN in RT SYN, RT_NM in R_TABLE
and FUNC_NM in FUNCTION are distinet from another and from the union
of DOM_NM in DOMAIN, BD_TYPE NM in BASIC DATATYPE, and COL MM in
COLUMN.

NRO5- Every DOMAIN-tuple and every COLUMN-tuple, that references a
BASIC_DATATYPE-tuple for which IND _LENGTH = ‘YES’, does not have a
marked value for its LENGTH column, while the LENGTH column is I-
marked if IND_LENGTH = ‘NO’.

NRO6- Every DOMAIN-tuple and every COLUMN-tuple, that references a
BASIC_DATATYPE-tuple for which IND_SCALE ~ 'YES’, does not have a
marked wvalue for its SCALE column, while the SCALE column is I-
marked if IND_SCALE = ‘NO’.

Figure 9b: Constraints for naming rule enforcement

Constraints NRO1 and NRO4 will be trivially medified in the next sectiom
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(see figure 10¢).

Figure 9c provides an overview of naming restrictions for every combination
of relatiomal objects., It appears that there are a humber of combinations
for which Codd does not specify naming rules, For most of these
combinations the authors feel that the sets of names should be disjunct.

R-tables Columns Bas. Datatype| Domains Functions
1 Columns not allowed
Basic Datatypes | not allowed ?
Domains | not alicwed | allowed ?
Functions al lowed altowed not allowed | not allowed
Keywords ? not al lowed 7 ? ?

Figure 9c: Permissibility of duplicate names between relational object
classes

A last observation concerns the fact that expression of constraints NRO2Z to
NRO4 requires comparing columns that belong to different domains. Thus, to
enforce these constraints a demain check override [p.238] must be
specified.

10. DATABASE USERS

So far the multi-user nature of an RM/V2-DBMS has been disregarded, but at
this point the database user is introduced as a separate entity, in order
to pave the way for a discussion in the next section of the numerous RM/V2
authorization features. This section is concerned with the incorporation of
user-references in the existing catalog structure.

The main question is which relational objects are user-dependent and
which are not. The prinecipal relational objects are R-tables, domains,
functions, and conditional actions (constraints and clock-triggered
actions). Unfortunately, Codd provides no information about how to deal
with these objects with regard to database users. We have chosen to
consider only domains to be user-independent. This means that in a database
only domains are uniquely defined by means of their name (DOM_NM). R-
tables are identified by their owner‘s identification and their table name.
The same holds for functions and conditional actions. Thus, a user-
identification has to be added to the primary keys of the catalog tables
representing these three objects, and this change in keys is cascaded to
all tables that reference them. Figure 10a (overleaf) lists the catalog
tables to which one or more columns belonging to the domain USER_NM have
been added. The tables are listed in order of their introduction in the
preceding sections.
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Catalog Table | Change in primary key 1 Change in foreign key-non primary key
R_TABLE USER_NM, rt_nm
COLUMH USER_MM, rt_rm, col_nm USER_MM_BASE, rt_rm base, col_nm_base
DOMAIN USER_NM_DOM and USER_NM_CA, ca_nm
KEY_REF USER_| llll PK, rt_ I"III | pk, USER_NM_FK,

rt_nm K, key
KEY USER_| NH rt _naT, Il:ey e
KEY_COLUMN USER_| NN rt_nm, key rm, col_rem
COLUMN_STRUCT | USER_NM, rt_nm, col_nm_sup, col_rm_sub
ARCHIVE USER_] Nﬂ archive_nm

DB_INDEX_COL | USER_NM_DBI, incEx _nm, USER_NM_RT,
re_nm, col m

DB_INDEX USER_MM, index_rm
RT_CA USERTNM RT, rt_nm, USER_NM_CA, ca_rm
coL_cA USER_NM_RT, rt_nm, USER_NM_CA, col_rm,
ca I'Ill

COND_ACT USER_NM, ca_nm
RT_FUNC | userRTNM_RT, rt_nm, USER_WM_FUNC,

1 fune“re
FUNCTION USER Nu, func_nm
ARGUMENT USER_NM, func_tw, arg_seqh
SINGULAR | USER_NM_CATALOG
RT_SYN USER_NM_SYN, rt_nm_syn, USER_MM_RT | user“NW RT, rt_rm

Figure 10a: Changes in catalog table structures due to the addition
database users.

Only columns constituting primary keys and foreign key references have been
changed. The references themselves, depicted by arrows in the preceding
figures, remain unchanged. However, the newly introduced USER_NM column
refers to a relation USER that contains the identification of the RDBMS
users., Figure 10b shows this extension to the catalog.

R_TABLE |———| user [«——] sincuLar
A b A
| J L
FUNCTION coNp_ACT |«———] ooMaIN
R_TABLE(USER NM, £t nm, ...)
USER(USER NM)
| stwgu + =vss USER_NM_CATALOG)

FUNCTION(USER NM, fl.l"lc l"ln, caa}
COND_ACT(USER_NM, enn)
DOMATN(dom_nmm, ..., I.ISER NM_DOM, USER_NM_CA, ca_rm)

Figure 10b: Catalog support for database users

Figures 10a and 10b show that, as far as identification is concerned, R-
tables, functions and conditional actions are completely local to a user.
As a consequence, the foreign keys of all catalog relations referencing
these three relations have been changed too. Domains remain uniquely
jdentified by the column DOM NM. The addition of the columms USER NM_DOM
and USER_NM_CA only serves to identify the user who has created the domain
end the user to whom a possible D-constraint belongs. There exists one
system defined user who owns the catalog database. This user is identified
by the column USER_NM_CATALOG in the relation SINGULAR.

Except for domains, the adopted changes give database users much freedom in
naming their objects. Users can assign names to R-tables, columns,
functions, constraints, and so on without taking the names of objects
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created by others into account. We believe that mnot making domains usex-
dependent is in line with the philosophy behind these objects [Ch.3]. For
R-tables, a wuser-dependent naming scheme is customary in current RDBMS
products. A similar scheme 1is adopted for user-defined functions and
conditional actions,

Generally, database objects like R-tables, colummns, functions, etcetera.
that are related to each other are owned by the same user. However, the
catalog permits its users to exploit each others objects in a mnumber of
cases. Where this is the case, two columns belonging to the domain of user-
identifications have been added. Obviously, these columns need not contain
the same value. Such different values are only allowed if permitted by the
authorization data in the catalog (see next section). Figure 10a shows that
multiple wuser-identifications exist in the relations KEY REF, COLUMN,
DOMAIN, DB_INDEX COL, RT_CA, COL_CA, RT_FUNC and RT_ SYN.

Multl.ple user-identifications in KEY | REF enable the user to integrate his
database schema with another user’'s schema, which can be particularly
useful if a database is integrated with the catalog database. Multiple
user-identifications in COLUMN enable the view owner to reference a source
column that belongs to a relation owned by another user. Multiple user-
identifications in DB_INDEX COL enable users to incorporate columns
belonging to relations created by different users in one domain-based
index. Multiple user-identifications in RT FUNC, RT_CA and COL_CA enable
the owmer of the conditional action or user-defined function to refer to
other users’ R-tables and colummns respectively. Finally, the changed
structure of RT SYN permits the user to create & synonym name for an R-
table owned by another user.

Figure 10c revisits a number of constraints that were defined in previous
sections, but have to be trivially modified due to the changes introduced
in this section. The modifications are printed in italic format.

BMO4- The subset of KEY-tuples for which KEY _TYPE =~ 'PRIMARY’ does not
contain duplicate values for USER NM and RT WM.

EM11- The values of COL SEQ# in the set of COLUMN-tuples with the same
value for USER NM and RT_NM are numbered consecutively up from 1 teo
the number of tuples in the set.

BM12- The values of KEY_COL SEQ# in the set of KEY_COLUMN-tuples with the
same value for USER NM, RT_NM and KEY NM are numbered comsecutively
up from 1 to the number of tuples in the set.

CMO1- For ever value of USER_NM, the set of tuples in COL_NM_SUP, projected
over USER_NM, RT NM and COL NM SUP, is disjunct from the set of
tuples projected over USER_NM, RT_NM and COL_NM_SUB.

CMO3- The values of CS_SEQ# in the set of COLUMN_STRUCT-tuples with the
same value for USER_NM and COL_NM_SUP are numbered consecutively up
from 1 to the number of tuples in the set.

VW02~ For every COLUMN-tuple the «columns USER NM, RT_NM_BASE and
COL_NM_BASE are either I-marked or not marked.

IX0l- The projections of DB _INDEX and KEY on their columns USER_NM and
INDEX NM are disjunct.

Figure 10c: Constraints modified due to the Iintroduction of wusers
{continued on the next page)
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IX04- The projection of the columns USER NM RT, RT NM and COL_NM in
DB_INDEX COL for one given wvalue of INDEX NM is not a subset of
another such projection for another value of INDEX NM.

IX08- For the subset of KEY-tuples for which INDEX NM is not I-marked, the
projection of the columns USER_NM, RT_NM, COL _NM and KEY_COL SEQ# in
KEY COLUMN for one given value of KEY NM is not a subset of another
such projection for another KEY-tuple.

FUO6- For every tuple in R_TABLE for which FUNC_NM VW is not A-marked there
exists a tuple in RI FUNC with the same values for RT_NM and FUNC_NM
end with values for USER_NM_RT and USER_NM_FUNC that are equal to
USER NM in R TABLE.

FUO8- The values of ARG_SEQ# in the set of ARGUMENT-tuples with the same
value for USER_NM and FUNC NM are numbered consecutively up from 1 to
the number of tuples in the set.

NRO1l- The sets of R _TABLE-tuples designated by columns USER NM_SYN and
RT NM_SYN on the one hand and by USER NM _RT and RT_NM in RT_SYN are
disjunct.

NRO4- For every user, the sets of names designated by RT_NM SYN in RT_SYN,
RT NM in R _TABLE and FUNC NM in FUNCTION are distinct from another
and from the union of DOM_NM in DOMAIN, BD_TYPE NM in BASIC_DATATYPE,
and COL_NM in COLUMN for that user.

Figure 10c¢: Constraints modified due to the introduction of users
(continued)

In discussing domains and functions, the fact that the catalog must be able
to distinguish between built-in and user-defined domains and functions has
been ignored. The extension of the catalog with users and the designation
of a special user who owns the catalog database itself make this
distinction possible. Domains and functions owned by the catalog user are
built-in, other domains and functions are not., This makes it possible to
add two constraints that could not be expressed in section 8 (see figure
10d).

Finally, figure 10a shows that the introduction of users changes a simple
foreign key into a composite one. Due to Codd’s very liberal definition of
referential integrity ([p.23], which among others allows composite foreign
keys to be partly A-marked, an ad hoc constraint has to be introduced to
forbid such situations from occurring.

Figure 10d lists the extra constraints discussed above.

CA28- For every DOMAIN-tuple the columns USER NM CA and CA_NM are either I-
marked or not marked.

FUll- If the USER_NM in FUNCTION is not equal to USER NM CATALOG in
SINGULAR, the columns HOST _LANG, ROUT _SRC and ROUT EXEC must not be
marked,

FU12- Every DOMAIN-tuple that is referenced from SINGULAR has values for
USER_NM DOM and USER_NM CA that are equal to USER_NM_CATALOG in
SINRGULAR..

Figure 10d: Constraints added due to the introduction of users
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11. AUTHORIZATION

The information concerning authorization is of course to be found in the
catalog and 1s thus accessible to any sufficiently authorized user,
However, decisions must be made about the extent to which the catalog
should support authorization by means of specific data structures, in
addition to support for free-format RL-expressions. This problem was amply
discussed in section 7 with respect to constraint specification, and will
not be revisited here. We have chosen to provide catalog data structures
for user authorization for R-tables and columms, because terminal users and
application programs will frequently query this information and because
this type of authorization is also supported by catalogs of existing RDBMS-
products. Terminal and application program authorization constraints with
respect to R-tables and columns are supported by RL-expressions only. The
same holds for authorization constraints on system dates and times. To
allow the expression of authorization constraints per terminal or per
application program, relations containing these objects are added to the
catalog.

Figure 1la shows the extensions to the catalog necessary to support Codd's
specifications concerning authorization.

-
R_TABLE |¢——— COLUMN DOMAIN S———o...] DOM_RANGE
———
& A
RT_AUTH = ‘COL_AUTH TERM_DFLT J——| TERMINAL
—
¥
—
> USER w—1 PROG_DFLT p—>] PROGRAM

{ R_TABLE(user_rm, rt mm, ..., N_DROP, N_DELETE, N_DELAY, DELAY_PERJOD}
COLUMN(user nm, rt nm, col nm, dom rm, a_mark_stl, i_mark_atl] ..., MARK_PREF}

DOMAIN(dom n, LIid, | Yype_nm, length, scale; ...)

DOM_RANGE(dom_rm, dr seq#, Toval, hival)

RT_AUTH(USER_NM RT, M, USER NM GRAMTOR, USER WM GRANTEE, RET_ALL, INS_ALL, PK_UPD_ALL, ARCH_ALL,
DEL_ALL, SNAPSHOT ALL, CHEGCKOUT ALL, PK_WIDDEN, RL_EXPR RET, RL_EXPR_INS, RL_EXPR_PK_UPD,
RL_EXPR_ARCH, RL_EXPR_DEL, RL_EXPR_SNAPEHOT, RL_EXFR_CHECKOUT)

COL_AUTH(USER NM_RT, RT _NM, COL NM, USER MM GRANTOR, USER NM GRANTEE, UPD_ALL, RL_EXPR_UPD,

D Lrﬁ AL, 1_MARK_ALL, I_UNMARK_ALL, -
TERM_DFLTCTERM 1D, USERNM, RT_NM, COL MM, DEFAULT_VAL)
TERMINAL (TERM_ID)
USER(user nm, USER_GRP_NM, TIME_BLOCK, LOCK _GUOTA, MAX_STOR QUERY_ANT, MAX_STOR_QUERY_ACT,
MAX_STOR_TOTAL_ANT, MAX_STOR_TOTAL_ACT, DBC_DOM, GBC_RT, DBC_COL, DBC_VIEW, DBC_CA_E,
DBC_CA R, DBC_TA C, DBC CA_D, DBC_CA_U, DBC_FUNC, DBT_ACCESS, DBC_DB_TNDEX, DBC_FK,
OBC_AUTH, DBC_SNAPSHOT, DBC_AUDIT_LOG, DBC_ARCH, DBC_DATE_ROUND, & _A_MAYBE_ALL,
Q_ITMAYBE_ALL, Q_MAYBE ALL, O AR ALL, G IRALL, ©_ESR _ALL, O ORDER_ALL, @ DNCE_ALL,
0_DEO_ALL, Q_EXCL_SIBL_ALL, o pOD_ALL, & _SAVE_ALL, Q_VALUE_ALL, IND_DBA_UZER, ERANT_ALL,
ASSIGH_ALL)

PROG_DFLT(PROG 1B, USER MM, RT MM, COL NM, DEFAULT_VAL)

PROGRAM(PROE ID, TIME_BLOCK, LOCK_GUOTA)

Figure 1la: Catalog support for authorization

With respect to authorization the core catalog entity is the relation USER,
as discussed in the previous section. To support authorization, a large
number of columns must be added to this relation. Codd requires that, in
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order to make the task of the DBA easier, authorization must be possible on
the user group level in addition to the individual user level [p.334]. To
support this a column USER_GRP_NM is added to the relation USER. Because
this column is a foreign key to the USER relation itself, USER-tuples now
represent either individual users or user groups. An individual user can
either be specifically authorized for some action or inherit his
authorization from his group. Individual authorization overrides group
authorization,

Users' access to R-tables and columng is implemented by means of the
relations RT_AUTH and COL_AUTH. These relations may contain references to
three distinct users. The column USER_NM_RT refers to the user who has
created the R-table. The columns USER NH GRANTOR and USER_NM_GRANTEE refer
to the authorizing and the authorized user. This scheme permits the catalog
to reflect not only the authorizations in existence, but also their
sources. Thils information is needed whenever an authorization is revoked,
because such an action may cascade to other authorizations. Moreover,
revoking an authorization should not affect a user's privileges if he or
she has been authorized from another source [p.334]. The result of the
emphasis on user groups and authorization sources is that a user‘’s actual
authorizations cannot be retrieved by a simple query. The relation RT_AUTH
contains information per R_Table:

1- whether retrieval is allowed (RET_ALL);

2- whether insertion is allowed (INS_ALL);

3- whether update of primary key columns is allowed (PK_UPD_ALL),

4-  whether archiving and restoring is allowed (ARCH_ALL);

5- whether deletion is allowed (DEL_ALL);

6- whether snapshot creation is allowed (SNAPSHOT ALL);

7- whether checkout creation is allowed (CHECKOUT_ALL);

8- whether the values of the primary key columns should be hidden to the
authorized wuser (PK_HIDDEN), in order to give him or her the
opportunity to query the R _Table for statistical purposes [p.329].

Besides these standard authorizations, the catalog makes it possible to

constrain users' authorizations further by means of expressions in RL, For

instance, these expressions make it possible to limit access to working
hours or to specific terminals. Columns RL_EXPR RET, RL EXPR INS3,

RL_EXPR_PK_UPD, RL_EXPR_ARCH, RL_EXPR DEL, RL EXPR SNAPSHOT, and

RL EXPR CHECKOUT contain these expressions The authorization to update a

column is expressed in the relation COL AUTH by means of the columns

UPD_ALL and RL_EXPR UPD.

Three columns are added to the relation R_TABLE to support Codd's N-
person Turn-key feature (RA-5). Each column contains the minimal number of
authorized users who must perform the commands °‘DROP RELATION’ (N_DROP),
‘DELETE’ (N_DELETE), or the command that changes the delay-period
(DELAY_PERIOD) after which the RDBMS effects a ‘DROP RELATION' command
(N_DELAY).

The column MARK PREF is added to the relation COLUMN to allow the
authorized user to specify a mark preference [p.267/268] in case:

1- neither a value nor a mark is specified for the column at insert time;

2- both types of marks are allowed;

3- there does not exist a default value for the column (see below);

4- there does not exist an integrity constraint that generates a mark.

Default values can be specified per terminal or per application program

[p.267]. To support this, the relations TERM DFLT and PROG_DFLT, contalning

these defaults (DEFAULT VAL) , are added to the catalog, Although Codd makes

no mention of it, a similar default per user is included in the catalog, by
means of the column DEFAULT VAL in COL_AUTH.
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To avoid long-term locking, the DBA can specify a time block on every
locking action caused by any request from a user or a program {p.353}. In
addition, the DBA can specify a locking quota expressed as a number of time
blocks. Catalog support for this feature is offered by the columns
TIME_BLOCK and LOCK QUOTA in relations USER and PROGRAM. If a locking
request comes from a terminal user, the RDBMS inspects the USER relation,
while it inspects the PROGRAM relation if the request is originated by an
application program.

The relation USER contains a large number of columns with informatien about
other authorizations. It has been assumed that it is not necessary to know
which specific DBA-user has granted the authorizations.

The columns MAX STOR_QUERY_ANT, MAX STOR QUERY_ACT, MAX STOR_TOTAL ANT
and MAX STOR_TOTAL_ACT contain maximum anticipated and actual storage
parameters. Codd specifies that it must be possible to "block execution of
any query for which the result exceeds the guota of storage assigned to a
user or a group of users, either on a per-query basis or with respect to a
specified total™ [p.331].

In feature RA-7, Codd enumerates 13 database-control activities that are
subject to authorization [p.331]. For each activity an indicator has been
added to the USER relation. The database-control activities are:

l- creating and dropping a domain (DBC_DOM);

2- creating and dropping a base R-table (DBC _RT);

3- creating and dropping a column of an existing R-table (DBC_COL);

4- creating and dropping a view (DBC_VIEW);

5- creating and dropping an integrity constraint by type (DBC_CA E,
DBC_CA R, DBC_CA_C, DBC_CA D and DBC_CA U);

6- creating and dropplng a user-defined function (DBC_FUNC);

7- creating and dropping a performance-oriented access path like an index
(DBC_ACCESS) ;

8- creating a foreign key referencing a primary key in some R-table
(DBC_FK);

9- requesting that a specific authorization be granted or discontinued
(DBC_AUTH);

10- requesting a smapshot (DBC_SNAPSHOT);

11- requesting that an audit 1log be maintained or discontinued
(DBC_AUDIT_LOG);

12. establishing a condition for archiving with a new label (DBC_ARCH);

13- establishing an UP or DOWN mode for "rounding" pseudo-dates 1like
‘February 30’ (DBC_DATE_ROUND).

In feature RA-9, Codd enumerates 13 qualifiers the use of which is
subject to authorization [p.333]. For each qualifier an indicator has been
added to the USER relation. The qualifiers are:

1- A-MAYBE (Q_A MAYBE ALL);

2- I-MAYBE (Q_I_MAYBE ALL};

3- MAYBE (Q_MAYBE ALL);

4- AR(x): temporary replacement of A-marks (Q_AR ALL);

5- IR(x): temporary replacement of I-marks (Q_IR_ALL);

6- ESR(x): temporary replacement of empty relations (Q_ESR_ALL);

7- ORDER BY (Q_ORDER_ALL);

8- ONCE ONLY (Q_ONCE_ALL);

9- DOMAIN CHECK OVERRIDE (Q DCO_ALL);

10- EXCLUDE SIBLINGS (Q_EXCL_SIBL_ALL);

11- DEGREE OF DUPLICATION (Q_DOD_ALL);

12- SAVE (Q_SAVE_ALL);

13- VALUE: default value for newly created columns (Q_VALUE_ALL).



29

Finally, several columns are added to the USER relation expressing whether
the user has DBA status (IND_DBA_USER), whether the user is allowed to pass
on authorizations received (GRANT ALL}, and whether the user is allowed to
grant authorizations to cother users for which he or ghe is not authorized
(ASSIGN_ALL).

Figure 11b lists the constraints with respect to authorization.

AU0l- The values of the columns N DROP, N DELETE and N_DELAY in R_TABLE
must be less than the number of individual users in the relation
USER.

AUO2- A COLUMN-tuple contains an I-MARK for MARK PREF if and only if
A MARK ALL and I_MARK ALL both contain the value ‘YES'.

AUO3- No RT AUTH-tuple has the same values for USER_NM RT and
USER_] NM GRANTEE or USER_NM_GRANTOR and USER_NM_GRANTEE.

AUD4- Authorization cycles may not occur in RT_, AUTH.

AUO5- For every RT_AUTH-tuple, a column contalning an RlL-expression must
contain an I-mark if the corresponding indicator contains the wvalue
!NO!

AUO6- Every RT_AUTH-tuple for which RET ALL = ‘N0’ has the same value for
SNAPSHOT _, TALL.

AUO7- TFor every COL _AUTH-tuple, the column RL_EXPR UPD must contain an I-
mark 1f the corresponding indicator UPD_ALL contains the value 'NO‘.,

AU08- The column DEFAULT VAL in COL_AUTH must conform to the domain
specification of the domain to which the referenced COLUMN- -tuple
belongs.

AUQ09- The column DEFAULT VAL in TERM DFLT must conform to the domain
specification of the domain to which the referenced COLUMN- tuple
belongs.

AU10- The columm DEFAULT VAL in PROG_AUTH must conform to the domain
specification of the domain to which the referenced COLUMN-tuple
belongs.

AUll- Every USER-tuple that is referenced by another USER-tuple has an A-
mark for USER_GRP_NM.

AU12- For mno USER- tuple the storage authorizations per query
(MAX_STOR_QUERY_ANT, MAX STOR QUERY ACT) exceed  their total
counterparts (MAX_ STOR TOTAL ANT, MAX STOR_TOTAL ACT).

AU13- The column PK_HIDDEN in RT_AUTH must not contain an I-mark if and
only if the referenced R-table has a primary key.

AUl4- The column CHECKOUT_ALL in RT AUTH must not contain an I-mark if and
only if the referenced R-table is a base R-table.

AU15- Every USER-tuple for which IND_DBA_USER = ‘'YES'’ (DBA) has the value
'YES' for GRANT_ALL.

Figure 11b: Constraints for authorization

Constraints AUO4, AUO8, AUQ9 and AULO camnnot be expressed in RIL. and have to
be supported by means of a lower level host-language. Constraint AUll
prohibits groups of user groups. Although there is no principal reason for
this limitation, it is consistent to adopt the same restrictions with
respect to user groups as we did in section 3 with respect to composite
columns and composite domains,

Finally, we remark that the relation USER will be split in two relatioms
in section 13, due to the introduction of database sites. This will result
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in trivial modifications of constraints AUOL, AUl2 and AU1S.

12. AUDIT LOGGING

Up to this point, the catalog model presented has been an example of a
*snapshot’ database in which historic information plays no part. This may
seem strange because database users {especially DBEA users) and the RDBMS
itself could make good use of catalog information concerning the evolution
of a database schema, The lack of support for historic information applies
only to the schema level, on the database level RM/V2 requires RDBMSs to
support audit logging.

Asjide: Codd's specifications concerning audit logging require the RDBMS
to support logging on the catalog database. If the RDBMS would require
audit logging on catalog R-tables, the catalog would become a historic
database.

Audit logging introduces the concept of time. As we saw in section 7 with
respect to generalization, the Relational Model is unable to deal with time
in an elegant manner (see [TSICB2] and [SNOD87]). On the modelling level we
face the problem that we want the logged data to contain the primary key of
the altered tuple, which consists of a variable number of columns. There
exist two conventional approaches to the problem:
1- create one R-table for every R-table to be logged;
2- create one R-table with one column containing the R-table name and the
concatenation of the primary key columns of the altered tuple.
The first approach would lead to an unwieldy catalog whose structure would
change with the structure of the database, This would be unacceptable,
especially in environments where alterations of R-table structures occur
frequently. The second approach would violate the atomicity principle with
respect to database values {p.6). Codd does mnot provide any clues with
respect to audit logging.

Aside: Codd encounters a similar problem when he discusses a command
whose function is to list all values drawn from a domain that exist in
the database, regardless of the R-table in which they occur [p.56]. His
suggestion is to introduce a composite column containing the primary
keys of the various R-tables. The composite column should consist of a
nunher of simple columns large enough to contain the largest primary
key. This solution can be seen as an amalgamation of the two described
approaches.

The solution we prefer is based on the concept of partial implosion, as
introduced in [VELD9la)] and [B0OOG91], in which the distinction between data
and metadata is partly blurred®. In this case the variable number of
primary key columns is subjected to normalization. Flgure 12a shows the
resulting extension to the catalog.

5 [VELD90] shows that it is possible to reduce any database schema to
exactly one, fully normalized relation (full implosion). In
[BOOG91la] this concept is applied to generalization hierarchies
(partial implosion).
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LOG_PK- § ADIY-
COLOMN m—t| COLUMN | R_TABLE {+———] INTERVAL

] ADIT_L0G }——»] usER

v

TERMINAL — |  PROGRAM

LOG_PK_COLUMNCAUDLT ssa# usea NM, RT_NM, COL NM, PK_VAL)
COLOMNTuser nm, rt nm, col rm, ...}
R_TABLE(user rm, Ft nm, rt _tYpPe, ..0)
AUDIT_INTERVALCUSER NM, RT MM, DATE LOG ON, TIME LOG ON, DATE_LOG_OFF,
TIME_LTG m SER_NM_LOG_OFF)
AUDIT_LOGCAUDIT SEQ¥F, DATE {0G, TTME ~LOG, USER_NN_RT, RT_NM, COL_MM,
. USER_WH HUT, TERN ID, PROG_ID, DB_VAL_OLD, DB VAL _NEWY™
USER(user nm, ....)
TERMINAL (Xerm_idh

PROGRM(gm_ aead
Figure 12a: Catalog support for audit logging

The relation AUDIT_LOG contains the logging data required by Codd. These
include a time stamp (DATE_LOG, TIME 10G), the identification of the
altered coluan (USER_NM RT, RT_NM, COL NM), the identification of the user
who has effected the database change (USER_NM_MUT), the identification of
the terminal (TERM_ID) and the application program (PROG_ID), and the old
and new values of the altered data item (DB_VAL OLD, DB_VAL NEW). Tuples in
AUDIT_LOG are assigned a unique sequence number by the RDBMS (AUDIT_SEQ#).

The altered tuple is of course referred to by the value(s) of its primary
key column(s). Because the number of columns is not fixed, the relation
LOG_PK_COLUMN is introduced. For insertion in AUDIT _ L0G, a number of tuples
is inserted into LOG_PK COLUMN, one for every primary key column of the
altered R-table. A LOG PK_COLUMN-tuple refers to an AUDIT LOG-tuple
(AUDIT_SEQ#) and to a tupel “in COLUMN (USER_NM, RT NM, COL NM). The value
of the primary key column is represented in the column PK_VAL.

We assume that audit logging can be specified per base R-table. We assume
further that the catalog should contain the information about the audit
logging actions performed by the RDBMS. Therefore, a relation
AUDIT_INTERVAL, referencing the relation R _TABLE, is added to the catalog.
For every logging interval on an R- table, the RDBMS inserts one tuple
containing the R-Table’s identification (USER_NM, RT NM), timestamps for
the moments audit logging is turned on (DATE_LOG_ON, TIME LOG_ON) and off
(DATE_LOG_OFF, TIME_LOG_OFF), and the identification for the user who
turned audit logging on (USER_NM_LOG_ON) and off (USER_NM_LOG_OFF).

Note that the proposed catalog extension may cause problems if an attempt
is made to delete a tuple in USER, COLUMN, TERMINAL., or PROGRAM. We assume
here that the RDBMS software will accept the deletion of a column and
cascade this deletion to referencing tuples in AUDIT 1OG and LOG_PK COLUMN,
while an attempt to delete a tuple in the other tables is rejected by the
RDBMS software if it is referenced by one or more tuples in AUDIT_LOG.
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Figure 12b lists the constraints with respect to audit logging.

LGOl- Every tuple in AUDIT 1LOG references a tuple in COLUMN that
references a tuple in R “TABLE for which RT_TYPE = ‘BASE'

1G02- Every tuple in AUDIT_LOG is referenced by at least one tuple in
LOG_PK_COLUMN.

LG03- The set of COLUMN- -tuples referenced by tuples in LOG PK COLUMN and
AUDIT LOG, for which AUDIT_SEQ# is the same, all reference the same
R;TABLE tuple.

LGO4- For every tuple in AUDIT INTERVAL the columns DATE_LOG_OFF,
TIME _LOG OFF and USER_NM_LOG_OFF are all either marked or unmarked.

Figure 12b: Constraints for audit logging

The number of constraints would be much larger if the catalog would contain
historical informationm about schema evolution. Because the database schema
may have been altered after the insertion of the logged data, the ability
of the catalog to guard its integrity is degraded.

13. DISTRIBUTED DATABASE

The trend towards dirtributed database management is a major argument in
favour of a vendor-independent catalog standard. Nevertheless, designing a
catalog model that adequately supports this aspect is not easy, if only
because a data distribution problem implies a catalog distribution problem.
Just as data distribution leads to global and local databases, it leads to
global and local catalogs. The additions to the catalog model presented in
this section turn the catalog into a global catalog, from which local
catalogs can be formally derived. Figures 13a (overleaf) and 1l3c show the
proposed extensions to the catalog model.
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RT_FUWNC t+——| FUNCTION |+——1 FUNC_SITE USER_SITE f———>r USER
I
v v
R_TABLE |4————roF RT SITE }——>r SITE 4———— TERMINAL SINGULAR
ey - —
F 3 F 3
COLUMN *——e—1 COL_SITE ARCHIVE PROGRAN  |=— TERM_DFLT
A
- . ‘ PROG DFLT AUDIT_LOG
FUNC{user nm ;3 rt rm, user m une nm)
FUHCT IOK(use!
FUNC_SITE(USER_NM FUN Nll TE NM, IND STORED)
USER_ SITE(QSER M TE ock, Tock_guota, max_stor_query_ant, max_stor _qQuery_act,

max_stor_tota t, max stor ' total _act, dbc_dom, dbc_rt, dbc_col, dbc_view, dbc_ca_e,
dbccar dbe_ca_c, dbe_ca_d, cbccau,cbcfmc,cbcaccess,dbcdbmdex,dbcfk,
cbc auth, dbc_snhapshot, dbc_ | audit_ —log, dbc_arch, dbc_date_round, q_a _maybe_a
qi rnaybe all; q maybe_all, q ar all qir_all, q est_all} qrorder all, q_once al.l
q_dEo all; qexcl_sibl all, qdod stl, q save_all, q value all, ind dba_user,
grant_all, assign_all)”
USER{user nm, user_gtrp tm, IND_GDBA)
:THB%EEE er y r‘?:'g rt om, rt Eyp: . éxp g
RYT_SI ER _NM, RT % SIT % l!L R_LG, RL_EXPR_GL, IND_REPLICA, cr_dste, cr_time, n_drop,
ete, n ia ay_period)
STTE(S] T MM, IND_| CITQLOG SITE)
TERMINAL(SITE NM, “term icﬁ

SINGULAR(dummy, ... user_nm catatog

COLUHH(I.IS r rt o, tol e, ...

coL_SITE(US g NM, BT 1‘5 §§I %

ARCHIVE(user_nm nny rc Vi E ' MM, ...)
PROGRAM(SITE NM ...

TERM_DFLT(S ‘I'E NN, zefn id user_rm, rt Lom, ...}
PROG DFLT(SITE_NHK, ia, user re, Ft rm ol rm, ...)
AUDIT_LOG¢audit_g: SITE_NM, term ld, prog_id, ...)

Figure 13a: Cal:alog support for distributed database (except conditional
actions)

The core relation in figures 13a and 13c¢ is the R-table SITE, which
contains a tuple for every site that constitutes the global database. The
column IND_CATALOG_SITE indicates whether the site contains a copy of the
global catalog, Database objects such as R-tables, users and conditional
actions are in some way related to the SITE-relation.

The catalog relation R_TABLE is not changed in any way by the
introduction of database sites., Instead of adding a site identifier
(SITE_ NM) to the primary Lkey, we require every R TABLE-tuple to be
referenced by at least one RT SITE-tuple. If an R-table 1s known to =n
sites, there will exist n RT _SITE-tuples, one tuple for each site. Because
base R_tables may be horizontally or vertically partitioned they will not
always "be assigned to one specific site, The column RL_EXPR_LG contains the
local-to-global translation of the local R-table to “the global database.
The global R-table will be the union of the output relations of the
RL_EXPR_LG-expressions applied to the various local R-tables. The RDBMS
should reject any occurrence of a situation in which tuples occur with
similar values for their primary key columns and differing values for their
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other columns. The column RI,_EXPR LG contains an I-mark if the R-table does
not physically exist at the pertinent site. The column RI_EXPR_GL contains
the global-to-local translation of the global R-table to the local database
user. Both expressions may only contain restrictions. Vertical partitioning
(projection) is expressed by means of the R-table COL_SITE, which contains
a tuple for every column of an R-table known to a given site.

For performance reasons, R-tables may be replicated at different sites.
If the column IND REPLICA in RT_SITE equals ‘YES' all tuples accessible to
the site's users will be physically present at the site,

Aside: The presented scheme permits a relation to be both an ‘original’
base relation and a copy of ome or more other relations. It is not
clear whether Codd prescribes such flexibility. The scheme definitely
departs from Codd’'s prescription to apply the so called ‘birth site
concept’ in which the site identifier is a part of the R-table’s
identification.

Like R-tables, database wusers are also treated as site-independent
entities. This makes it possible to introduce the same user to several
sites. Unfortunately, the numerous authorization features introduced in
section 1l are obviously dependent on both user and site, Therefore, the
relation USER_SITE has been introduced and all non-key attributes have been
transferred to this new relation. A similar change has occurred with
respect to the ARCHIVE-relation (see section 4), that now references the
relation RT_SITE instead of the relation R TABLE, Another consequence of
the introduction of the relation RT_SITE is the transfer of the R_TABLE-
columns CR_DATE and CR_TIME to that relation {see section &4). Figure 13b
rephrases “the constraints introduced in sections 4 and 11 that are
trivially affected by these changes., The wodifications are printed in
italic format, :

AR0Z- The combination of CR _DATE and CR_TIME in RT_SITE does not exceed
the current system date and time,

AU01- The values of the columns N DROP, N DELETE and N_DELAY in RT_SITE
must be less than the number of individual users in the relation
USER_SITE.

AUl12- For mno USER SITE-tuple the storage authorizations per query
(MAX STOR_QUERY_ANT, MAX STOR_QUERY ACT) exceed their total
counterparts (MAX_ STOR_TOTAL ANT, MAX STOR TOTAL ACT).

AU15- Every USER SITE-tuple for which IND DBA USER = ‘YES* (local DBA) has

the value 'YES' for GRANT ALL.

Figure 13b: Constraints modified due to the introduction of sites

The column IND GDBA has been added to the USER-relation to indicate whether
the user is a global database administrator.

Because domains are the glue that constitutes the database schema, these
objects are totally site-independent. Their definitions can be found at any
site, User-defined functions are also site-independent.

Finally, figure 13a expresses the reasonable assumption that application
programs and computer terminals are site-dependent. Therefore, a column
SITE_NM is added to the primary key of the relations PROGRAM and TERMINAL
and to the relations referencing them.
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Figure 13c depicts the way in which conditional actions are supported by
the catalog. QObviously it looks much like figure 7a in section 7.

KEY-
COLUMN
L L
KEY |———>{ RTABLE |« cOLUMN |——| DOMAIN
Fs A
RT_CA COL_CA
- ]
]
yYYrYYwryuyvw

SITE 4—e—d CA_SITE J———>| CORD_ACT

KEY_COLUMN(user rm, )
KEY(user nm, rt nm rm, E m, E ype, aees ca _mn, ...)

R_TABLE(user nm, rt_rm, .
COLUMN(user nm, rt om, col rm, asa, CB_MN_C, cA_tM_M)

D?ﬂ%}!{l( o peee user_nm ca, ca rll} )
R £a_nm, ...
| ool CA(user nm rt EI y_sgg ca, cg v,

SITE(SITE un, ooe)

CA SITE(STTE NM, USER_NM, CA NM)
CORD_ACT(user_rw, ca pm, ..., SITE_NM)

Figure 13c: Catalog support for distributed database with respect to
conditional actions

Conditional actions are treated much like wuser-defined functions. The
column SITE_NM refers to the site where the conditional action is stored.
Every CA_SITE-tuple asserts the applicability of a conditional action to a
site,

Figure 13d (overleaf) lists the constraints with respect to distributed
database support,



36

DDOl-
DDO2 -

DDO3 -

DDOY -
bDO5-
DDOG -
DDO7 -
DDO8 -
DDO% -
DD10-

DD1l-

DD12-

DD13-

DD14-

DD15-

DD16-

DD17-

Every tuple in R _TABLE is referenced by at least ome RT SITE-tuple.
Every tuple in RT_SITE is referenced by at least one COl._SITE-
tuple,

The RT SITE-columng RIL EXPR 1G, RL EXPR GL and IND REPLICA must not
contain I-marks if and only if the column RT TYPE in R_TABLE =
*BASE’.

There exists at least one SITE-tuple for which IND CATALOG_SITE
equals ‘YES’,

Every tuple in USER is referenced by at least one USER_SITE-tuple,
Every tuple in SITE is referenced by at least one USER_SITE-tuple.
For every individual user for which IND GDBA = ‘YES’ the number of
USER_SITE-tuples referencing it equals the number of SITE-tuples.
The USER-tuple referenced by the SINGULAR-tuple has the value ‘YES'
for IND_GDBA.

Every USER _SITE-tuple that vreferences a USER-tuple for which
IND GDBA = 'YES' has the value ‘'YES' for IND_DBA USER.

Every tuple in FUNCTION is referenced by at least one FUNC_SITE-
tuple for which IND_STORED = ‘YES’.

If a user-defined function operates on specific R-tables, these R-
tables must be known to the site (via RT_FUNC) to which the function
is assigned (via RT SITE).

Every tuple In COND_ACT is referenced by at least one CA_SITE-
tuple,

For every CA_SITE-tuple that references a COND_ACT-tuple that is
referenced by a KEY-tuple, the columns that constitute the key (in
KEY COLUMN) must also be known to the site (in COL_SITE).

For every CA_SITE-tuple that references a COND_ACT-tuple that is
referenced by a RT_CA-tuple, the R-tables de51gnated by these tuples
must also be known to the site {in RT_SITE).

For every CA SITE-tuple that references a COND ACT-tuple that is
referenced by a COL CA-tuple, the columns designated by these tuples
must also be known to the site (in COL_SITE).

For every CA SITE-tuple that references a COND ACT-tuple that is
referenced by a COLUMN-tuple, the columns designated by these tuples
must also be known to the site (in COL_SITE).

For every COND_ACT-tuple that is referenced by a DOMAIN-tuple, the
number of CA_SITE-tuples referencing it equals the number of SITE-
tuples.

Figure 13d: Constraints for distributed database



37

14. DATABASE STATISTICS

The catalog should contain statistical information about the database. This
information is used by the optimizer in compiling and recompiling RL
commands [p.282]. Minimum statistics include at least the number of rows in
each base R-table and the number of distinct values in every column. The
statistics are periodically updated by the RDBMS and/or the DBA. Both can
use the triggered action mechanism, as described in section 7, for this
purpose.

Support for database statistics does not require significant extentions
of the catalog. Figure 1l4a (overleaf) shows the additions needed.

R_TABLE {¢——— RT_SITE |———»| SITE

COLUMN- e ]
STRUCT COLUMN +———o COL_SITE

| R T.;?%E(user user_nm, rt mm, rt_type, ...) . \ ind U

RT E{user Um, Ft hm, site t#, ..., rl_expr_lg, ..., ind_replica, ...,
SITE(site rm, ...)

COLUMN_ST UCT( g m, gol rtn syp, col nm sub, ...)

| coLumn(u c [

coL_SITECus ""‘E gus_m DCOLCOUNT)

Figure l4a: Catalog support for database statistics

Column ROWCOUNT contains the number of rows of every base R-table. Column
DCOLCOUNT contains the distinet number of rows for every column of such R-
tables. Both counts are site-dependent., Figure 14b lists the constraints
with respect to database statistics.

ST01- The column ROWCOUNT in RT_SITE must not be I-marked if and only if
IND_REPLICA = 'YES' or RL_ EXPR LG is not I-marked.

ST02- The column DCOLCOUNT in COL SITE must be I-marked if and only if the
column ROWCOUNT in the referenced RT_SITE-tuple is also I-marked.

ST03- The column DCOLCOUNT in COL_SITE must not exceed the column ROWCOUNT
in the referenced RT_SITE-tuple.

Figure l4b: Constraints for database statistics
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15, AN OVERVIEW OF THE CATALOG MODEL

For reasons of comprehensibility, the catalog model has been presented in
many small pieces. Figure 15a sums up all catalog R-table descriptions in
alphabetical order. Figure 15b contains references to the sections in which
the R-tables play a part and indicates whether an R-table is introduced
(I), changed (C) or merely showed for purposes of constraint specification
(S) in the section. The '*' mark indicates that the changes are wholly or
partly undone in sectiom 13. '

1 ARCHIVE(user rm, srchive mm, rt_rm, cr_date, cr_time, site_nm)
2 ARGUMENT(user nm, func rm, arg seck, arg e}
3 AUDIT_INTERVALCuser rm, rt_nm, date log on, rime log on, date _log_off, time_log_off,
srmlogon, user_ra_| ogoff)
4 AUDIT_LOG(audit seq¥, date_log, time_log, user_rm rt, rt_nm, col_nem, user_rm mut, site_pm,
term_id, prog_ ld" db val_old, db val_new)
5 BASIC murvpe'm type nm, ind_length, ind_scale)
6 CA_SITE(gite nm, user nm, cg nm)
7 COLUMN(user_nm, rt_nm, col nm, col_seq¥, dom nm, & mark_all, 1_mark_ai{, upc_all, user_rm_base,
rt_rm base, col. e, bd type rm, length, scale, ca m c, ca_ rm m, marl:_pref)
8 CoLUMN_STRUCT (user run, rt rt_nm, col nm sub, gol nm sub, cs _seqdy

9 COL_AUTH(user rm rt, rt nm, col nm, user 'I"ITI ?rag;gr, user rm _grantee, upd all, rl_expr_upd,

10 coL_cAc sult_val, 1 mark aFT_i _urmark_a o
%er v rt, £t_om, user_nm cg, ca nm, group id)
11 COL_SITE(user nm, rt nm, o rm ‘site nm, dco comt)
12 COND_ACT(uger_nm, ca_nm 1t|on ca_date, ca_time, interval, ttime, ind_static, ta_exec,
constr_type, site _hm)
13 DB_INDEX(user_nm, index rm, dom_nm)
14 DB_INDEX_COL(user nm 351, index | nm, user nm rt, rt_nm, r.-o! rm)

15 DOMAIN(dOm nm, dom_type, comp_all, bd_type nm, length, scale, user_nm_dom, user_nm _ca, ca_nm)
16 DOMAIN_STRUCT {dom mype o sub, “ds_seql) !

17 DOM_RANGE(dom rm, dr s val)

18 FUNETION(M nln, ost {ang, rout_src, rout_exec, ind_dod, func_nm_inv, func_nm_dod)
19 FUNC_SITE(user_nm, j_r_'ps_rm , ind_stored)

20 KEY(User nm, rt rt_ren, xey nm, key type, index_nm, ca_nm, upd_act, del_act)

21 KEY_COLUMN( rt_mm, 0 ey, col _seqi)
g KEY :EF((:_u_ser nm ?: g; nm nﬁ, use;' nm !E Eg % eq#ﬂ nm)
LOG OLI.llll(a it s er_hm, rt_nm
24 PROGRAN(si r gg: time_ ocE, [o::k quota) pk

25 PROG_DFLT( , Prog mg: o col_rm, defsult_val)
RL_KEYWORD(TL Keyw) !

26
27 RT_ AUTH(user m rt rt rln, er_rm _grantor, user nm grantee, ret_all, ins_all, pk_upd all,
ar ?mot all, checkout_ a[i pk_hidden, rl’ _expr_| ret, ri_expr_ins,

ri_ex r_pk l.pa, N expr arcF el _expr_del, rl_expr_snapshot, rl_expr_checkout)™

ggar Cfngc rmr,nm o, 1ns, del, ret)

RT_FUNC(user nm ; ;1 m er wm f %m

30 RT SI'I'E( er _t&m [ g, r expr_gl fnd_replica, cr_dste, cr_time, n_drop,

ete, n delay layJ:berlod “rowcount)

31 RT SYH( , It _tm syn, user_nm ft, rt_rm}

32 R TABLE(user rm, rt rln, ri_type, rl expr, ins_all, del_sll, func_nm_vw)

gz STNGUL?R C dusminy : ngﬁ'ffwi dom_rm_arg, user_nm catalog)

SITE(site nm, catalog site)

35 TERMINAL(Site rm, tem QJ

36 TERM_DFLT(gite rm rm_id, user rm, £t _mm, col pm, defsult_val)

37 USER{user_rm, User grp mm, 1

38 USER_SITE(user nm, site nm, time | block lock_quiota, max_: stor _quel ant max_stor_query_act,
max_stor_tota [_ant, max_stor total act, dbc_dom, dbe_Tt, dbE_vieW, dbc_ca_e,
dbc ca_r, dbe_ca_c, dbccad'd:ccau, dbc_ ft.rv: dhcaccess, r.bc&)Tndex, dac_fk,
dbc auth, dbe_snapshot,” dbc_audit_log, dbc_arch, cbc date_round, §_a_maybe_al

-u

qi lmybe a ybe_all, q ar all ir_ail, g esr_all; order_all once sl!.
q_dEo altL q_equ sibl all, &doa all qﬁ_save al?: q_value_a qT t, ind_doa 3§er, arant_all,
assign_all)

Figure 15a: Descriptions of all catalog R-tables
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1 ARCHIVE 1 ¢ _ ¢
2 ARGUMENT _ 1 c .
3 AUDIT_INTERVAL | I

4 AUDITTLOG . 1 |¢
5 BASIC_DATATYPE | I

11 COL_SITE '

| 12 cowd_act 1
13 DB_INDEX i
14 DB_INDEX_COL 1
15 DOWAIN 1 |s s [s |e |s |s

16 DOMAIN_STRUCT I
17 DOM_RANGE 1 : s $
18 FUNTTION ' 1 s
19 FUNC_SITE
20 KEY 1 s | c |¢c

21 KEY_COLUMN 1 $
& tocrr cown | (. :

Feo (N I R j ;
24 PROGRANM : - ' | c
25 PROG_DFLT | I c

26 RL_KEYWORD i
27 RT_AUTH I
28 RT_CA I c
29 RT_FUNC 1 c
30 RT_SITE

31 RT_SYN ] 1
32 R_TABLE 1 clc s s lc|¢e
33 STNGULAR _ 1
34 SITE | ]

35 TERMINAL 1 |s

36 TERM_DFLY | ' ]
37 USER _ 1 Jc* s
38 USER_SITE

izlalulel

aolo O
n|u—=0

-0

aan
o
L]

=] O-n0

Figure 15b: Use of catalog R-tables in the previous sections.

16. CONCLUDING REMARKS

Considering the vast scope and complexity of Codd’s BRM/V2-proposal, it is
unlikely that this manifesto can serve as much more than a first
approximation of a catalog standard for future RM/V2 DBMS’s. If it is
acceptable as such, the main objective of the manifesto is attained.
Nevertheless, the authors hope that the highly technical nature of the
manifesto does not obstruct our objective to convince the reader that a
catalog standard is extremely desirable for a large number of reasons.
Moreover, the authors hope that the unaveidable lengthy and technical
discussion of the catalog standard aspects does not obscure the fact that
basically the Relational Model is a very simple model., Its core features
can be described in the fairly simple schema introduced in section 2.
Comparing RM/V2 as a whole to other data models is generally unfair,
because most of these data models do not match RM/V2's scope and level of
detail,

An interesting question 1s whether RM/V2 will be accepted in the market-
place. It is conceivable that today’s RDBMSs will be succeeded by products
based on another version of the Relational Model or on a non-relational
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data model. No doubt researchers and practitioners will ecriticize aspects
of RM/V2 as the authors do in appendix C. It is our feeling that, provided
the future of database management is relational, this manifesto can still
be useful in discussions about the form of a relational catalog standard.
The effects of proposed deviations from Codd’s RM/V2 proposal on the
catalog's structure and complexity may even be used as one more basis for
such discussions.

This last observation leads to the conclusion that the form in which the
catalog standard is expressed is more important than it may seem. If one
looks upon the model as just another relaticnal datasbase, one drops the
artificial and arbitrary distinction between data and metadata and invites
database designers to design their databases as an extension to the catalog
model, thereby creating the opportunity to design applications that are
highly reusable and flexible. Another consequence is that the catalog
standard becomes a database design standard at the same time, because it
implicitly shows what a complete relational database design looks like.
Viewing the catalog as just a database may also serve to convince RDBMS
vendors that Data Definition Language (DDL) and Data Control Language (DCL)
are entirely redundant, because DDL- and DCL-statements can be translated
te one or more DML-statements on the catalog database [BUIT91] [VELDY91la}
[WARDS0] .

Perhaps unnecessarily, we must stress that the catalog standard is mnot a
proposal for the way in which an RM/V2-DBMS catalog should be structured
internally. A catalog standard only prescribes the way in which catalog
data are presented to a terminal user or an application program. Neverthe-
less, if the vendor of an RM/V2-DBMS makes use of performance-enhancing
features, that are not a part of RM/VZ, it would be at least elegant to
offer these features to the RDBMS's users too. As & result, non-RM/V2
features will be part of the RDBMS's catalog. As long as the features apply
to lower levels than the relational level there can be no objection to
that. Te conclude, the catalog standard is a minimum standard as far as
subrelational aspects of RM/V2 are concerned,

Finally, although the authors have tried to be thorough, there is probably
ample room for improvements of the model. Improvements may take place with
respect to naming of database objects, omissions, and errors of
interpretation. Furthermore, there are instances in which either Codd is
not clear or the Relational Model provides multiple design options, non of
which is eclearly superior to the others. In these respects this manifesto
is an invitation to dr. Codd to clarify RM/VZ and to keep working on the
third version of the Relational Model.
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Appendix A  Contents of the Catalog R-tables

This appendix defines the catalog model in terms of its own database
definition. Although such a definition is highly technical and hard to
interpret, it is entirely formal and unambiguous. Moreover, the catalog
self.description contains information about the catalog that has not been
discussed in the main text. The manifesto concentrates on the design
decisions with respect te the catalog’s structure and thus contains know-
why information. This appendix and appendix B contain an implementation of
the RM/V2-catalog and thus provide Inow-how Information. The authors have
implemented the catalog model using the ORACLE™ DBMS.

An implementation of the catalog with its own design does not require all
R-tables described in the catalog to be filled. For instance, the R-table
COLUMN_STRUCT (see section 3) is not relevant here because composite
columns were not used in the description of the catalog standard. The R-
tables we refer to are the relations ARCHIVE, AUDIT INTERVAL, AUDIT 1.0G,
COLUMN_STRUCT, COL_AUTH, DB_INDEX, DB _INDEX CcoL, DOMAIN_ STRUCT,
LOG_PK_COLUMN, PROGRAM, PROG DFLT, RT AUTH, RT FUNC, RT SYN, TERMINAL, and
TERM_DFLT.

Other R-tables must be filled to realize a working catalog, but these R-
tables do not provide the technically interested reader with a deeper
insight in the catalog model. For instance, the R-table BASIC_DATATYPE must
be filled with tuples describing the datatypes known to the RDBMS, but
these descriptions are not relevant to the manifesto. The R-tables we refer
to are the relations ARGUMENT, BASIC_DATATYPE, CA_SITE, COL_SITE, FUNCTION,
FUNC_SITE, RL_KEYWORD, RT_SITE, SIRGULAR, SITE, USER and USER_SITE.

The contents of the remaining R-tables are relevant to the purpose of
this appendix. These R-tables were introduced and discussed in sections 2
and 7. Figure 16 (overleaf), which is s combination of figures 2a and 7a,
redisplays the relevant data structures.

Not all columms in these R-tables are relevant for this appendix. For
instance, the columns USER_NM are not interesting because all database
objects belong to one single user, namely the user that owns the catalog.
In this appendix we shall only show the contents of those columns that
contain information that camnot be found in the manifesto. In figure 16,
these columns are shown in upper case.
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o me—

COND_ACT {#——— RT_CA coL_cA

KEY P—>1 R_TABLE [|4wo— COLUMN |——>=] DOMAIN

& LI &~ A &

)

KEY-REF COLUMN | oom_rance

COND_ACT(yser . condition, ca_date, ca_time, interval, TTINE, ind_static, ta_exec,
CON 'I"{ Slte _rm)
RT_CA(yser nm r%, , user_nm ca, CA NM, INS, DEL, ret)

COL_CA(user nm rt nn COL WM, user nm ca, CA_NM, GROUP_ID)
KEY{user user nm, ET Nll Y HH KEY TYPE, 'lﬁx nm, I.':A IIH UPD ACT, DEL_ACT)
R TABLE(M, ET Ng, T\'PE, ri_expr, ins_i all “del all, func_nar_vi)
COLUMN(user_rm, RT_HM ml,_é coL SEO# Dou W, A_MARK ALI., I_MARK_ALL, upd_all, user _nm base,
rt m_Ease, oo se, , Length, scale, CA_WM_C, CA_NM_M, MARK_PREF}
DOMAIN(DOM EE 00M_ TYPE, CCMP ALL BD TYPE m| LENGTH, sme. user nm am, user_nm  ca, CA_NM)

KEY_REF(user rw pk, RT WM PK,~user rm fk, BT KM Eg 5% NM)
KEY I:OLUHN(user m, AT_RN, m NM, COL NM, KEY_COL_SE
DOM_RANGE(DOM NM, DR SEGH, LOVAL, WIVAL)

Figure 16: R-tables relevant to appendix A

Although the column CONDITION in COND_ACTION is relevant to this appendix,
it is depicted in lower case because the conditions of the the constraints
are listed in appendix B. Because all conditional actions are static
database constraints, columns CA_DATE, CA_TIME, INTERVAL and IND STATIC in
COND_ACTION and RET in RT CA are irrelevant. Because all catalog R-tables
are base R-tables, columns RL _EXPR, INS_ALL, DEL ALL and FUNC_NM_VW are
irrelevant. For the same reason many columns in COLUMN are irrelevant.

The relation R_TABLE is the least interesting of the tables depicted
hereafter because all catalog R-tables are simple base R-tables. For
reasons of completeness it is nevertheless included in the appendix.

The R_TABLE data are retrieved by means of the following SQL statement:
SELECT RT_NM, RT_TYPE
FROM R_TABLE
WHERE USER_NM = ‘RMV2' /% username of catalog owmer */
ORDER BY RT_NM



Appendix

A Contents of the Catalog R-tables

44

R TABLE
RT_NM RT_TYPE RT_WM RT_TYPE
ARCHIVE BASE KEY BASE
ARGUMENT BASE KEY_COLUMN BASE
AUDIT_INTERVAL BASE KEY:REF BASE
ADIT_LOG BASE LOG_PK_COLUMN BASE
BASIC DATATYPE BASE BASE
Ca_SITE BASE PROG_DFLT BASE
COTUMN BASE RL_KEYWORD BASE
COLUMH_STRUCT BASE RT_AUTH BASE
CoL_AUTH BASE RT_CA BASE
COL_CA BASE RTFUNC BASE
COL_SITE BASE RT_SITE BASE
COND_ACT BASE RT_SYN BASE
DB_INDEX BASE R_TABLE BASE
DB INDEX_COL BASE STNGULAR BASE
DOFRAIN BASE SITE SASE
DOMAIN_STRUCT BASE TERMINAL BASE
DOM_RANGE BASE TERM_DFLT BASE
FUNCTION BASE USER BASE
FUNC_S1TE BASE USER_SITE BASE
Aside: Because the R-table names COLUMN and USER are reserved words in an

ORACLE-environment these R-tables have been implemented under different

names,

The COLUMN data are retrieved by means of the following SQL statement:

SELECT RT_NM,

FROM COLUMN
WHERE USER_NM = 'RMV2’
ORDER BY RT NM, COL SEQ#

/* username of catalog owner %/

COLUMN

RT_NM C¥ COL_NN DOM_NM A 1 CAMMC CA_NM_M P
ARCHIVE 1 USER_NM USER_NM NO MO

2 ARCHTVE_NM ARCHTVE_WM KG NO

3 RT_NM RT_NM HO NO M_ARC_RT_WM

4 CR_DATE DATE NO NO M_ARC_CR_DATE

5 CR_TIME TIME NO NO M_ARC_CR_TIME

6 SITE_WM SITE_NM NO NO M_ARCTSITE_NM
ARGUMENT 1 USER_NM USER_NN NO N0

2 FUNC_NM FUNC_ N NO  NO

3 ARG_SEQ# ARG_SEQ# NO NO

4 ARG_NM ARG_WM NO NO M_ARG_NM
AUDIT_INTERVAL 1 USER_NM USER_NM NO NO

2 RT W RT_NN NO NO

3 DATE_LOG_ON DATE NO WO

4 TIME_LOG_ON TIME NO NO

S DATE_LOG_OFF DATE YES NO M_DATE_LOG_OFF

6 TIME_LOG OFF TIME YES NO K_TIME_LOG_OFF

7 USER_NM_TOG_ON USER_NM NO NO M_USER_NM_LOG_ON

8 USER_NW_LOG_OFF  USER_NM YES N0 M_USER_NM_LOG_OFF
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COLUMN (continued)

RT_NM C¥# COL_NM DOM_NM A 1 CAWC CA_NM_M P
AUDIT_LOG 1 AUDIT_SEG# AUDIT_SEGH NO NC

2 DATE_LOG DATE NO %O M_DATE_LOG

3 TIME_LOG TINE NO %O M_TIME_LOG

& USER_NM_RT USER_MM NO NO M_AL_USER_NN_RY

5 RT_NW RT_NH NO %O M_AL_RT_NN

6 col_NM COL_MM NO NO M_AL_COL NM

7 USER_NM_MuY USER_NM YES NO M_USER_NF_MUT

8 SITE MM SITE_WM YES NO M_AL_STTE_NM

9 TERM_ID TERM_1D YES NO M_AL_TERM_ID

10 PROG_ID PROG_ID YES NO M_AL_PROG_1D

11 DB_VAL_OLD ba_VAL YES WO M_DB_VAL_GLD

12 DB_VAL_NEW DE_VAL YES NO #_DB_VAL_NEW
BASIC_DATATYPE 1 BD_TYPE_ MM BD_TYPE_NM NO NG

2 IND_LENGTH ING_LENGTH NO WO M_IND_LENGTH

3 IND_SCALE IND_SCALE NO NO M_IND_SCALE
CA_SITE 1 USER_WM USER_NM NO NO

2 CA_NR cA_NR NO WO

3 SITE_WM SITE_W NO NG
COLUMN 1 USER_NM USER_NM NO WO

2 RY_NH RT_NH NO NO

3 COL_MM col_nu NO NG

4 COL_SEQ# CoL_SEo# NO O M_COL_SEO#

5 DOM_NM DOM_NM YES N0 M_COL_DOM |

& A_MARK_ALL THD_MARK NO YES M_A_MARK_RLL

7 1 MARK_ALL IND”MARK NO YES M_COL_I MARK_ALL

8 UFD_ALL UPD_ALL NO YES M_CoL ALL

¢ USER_NM_BASE USER_NM YES NO MW_USER_NM_BASE

10 RT_NM_BASE RT_NM YES NO M_RT_NM_BASE

11 COL NM_BASE NM YES NO M_to[_NM_BASE

12 BD_TYPE_ 3 8D _TYPE_NM YES WO M_COL_BD_TYPE_NM

13 LENGTH LEAGTH NO YES M_COL_LENGTH

14 SCALE SCALE %0 YES M_COL_SCALE

15 CA_NM_C CA_NM YES N0 M_CA_NM_C

16 CANM_M CA NN YES O M_CA_NM M

17 MARK_PREF MARK_PREF O YES M_MARK_PREF
COLUMN_STRUCT 1 USER_NM USER_NM NO NO

2 RT_NW RT_NN O NO

3 COL_NM_Sup COL_WM [

4 COL_NM_SuB COL_NM NO NO

S Cs_Seod cs_Sea# NO NO M_CS_SEQ¥
COL_AUTH 1 USER_NM_RT USER_NM NO NO

2 RT_NW RT_NW NG NO

3 col WM COL_}M NO NO

4 USER_MM_GRANTOR  USER_MM NO WD

5 USER_NM_GRANTEE  USER_WM HO NO

6 UPD_ALL uPD ALL NO YES M_CAU_UPD_ALL

7 RL_EXPR_UPD RL_EXPR ND YES C_RL_EXPR_LPD M_RL_EXPR_UPD

8 DEFAULT VAL DB_VAL YES YES 1

9 I_MARK_ALL IND_MARK NO YES M_CAU_1_MARK_ALL :

19 I_UNMARK_ALL TND UNMARK NO YES M_I_UNMARK_ALL
COL_CTA 1 USER_NM_RT USER_NM NO MO

2 RT_WN RT_NN NO  NO

3 col_me NM NO NO

4 USER_NM_CA USER_NM NO ¥O

5 CA_NH CA_NH NO NO

6 GROUP_ID GROUP_ID NO YES M_GROUP_ID
CoL_SITE 1 USER_RM USER_NM NO NO

2 RT_NM RT_NM NO NO

3 COL_w N NO N0

& SITE MM SITE_NM NO NO

5 DCOLEOUNT ROW TOL_COUNT MO YES M_DCOLCOUNT
COND_ACT 1 USER_NM USER_NM NO WO

2 CANH CA_NW KO NO

3 CONDITION Rt_EXPR NO YES C_CONDITION H_CONDITION

& CA_DATE CA_DATE NO YES M_CA_DATE

S CA_TIME CA_TINE N0 YES W_CA TIME

& INTERVAL INTERVAL NO YES M_INTERVAL

7 TTIME TTINE HO YES M_TTIME

& IND_STATIC IND_STATIC NO WO M_IND_STATIC

9 TA_EXEC ROUTINE_NM NO YES M_TA_EXEC

10 CONSTR_TYPE CONSTR_TYPE NO YES M_CONSTR_TYPE

11 SITE_NN SITE_NH NO KO M_CA_SITE_NW
DB_INDEX 1 USER_MN USER_NM NO WO

2 INDEX_NM INDEX_NM NO KO

3 poM_WR DOM_NN NO MO M_DBI_DOM_NM
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COLUMN (continued)
RT_NM C# COL_NM DOM_NM A1 CA_NM_M P
DB_INDEX_COL % USER_NM_DBI USER_M §0 NO
| 2 INDEX_ NN INDEX_NM NO WD
3 USER_NM_RT USER M NO NO
4 RY RT_NH N0 MO
5 COL_WM COL_NM NO NO
DOMAIN 1 DOM_NM DOM_NM NO NO
2 DOM_TYPE DOM_TYPE NO O M_DOM_TYPE
3 ALL COMP ALL NO WD M_COMP_ALL
4 BD_TYPE_NM BD_TYPE_MM YES NO M_DOM_BD_TYPE_NM
S LENGTH LENGTH N0 YES M_DOM_LENGTH
6 SCALE SCALE N0 YES M_DOM_SCALE
7 USER_NM_DOM USER_NM N0 NO W_USER_NM_DOM
8 USER_NM_CA USER_NM YES NO M_DOM_USER_NM_CA
9 CA_NH CA YES NO M_DOM_CA_NN
DOMAIN_STRUCT 1 DON_NM_SUP DOM_NM NO O
2 DOM_NM_SUB DOM_NM NO KO
3 ps_Zeo¥ Ds_ZEQ# NO HO M_DS_SEo¥
DOM_RANGE 1 DON_NM DOM_NM NO  NO
2 DR_SEG# DR_SEC# NO  NO
3 LOVAL DB_VAL NO KO M_LOVAL
& HIVAL DB_VAL NO NO M_HIVAL
FUNCTION 1 USER_NM USER_Nm NO %O
2 FUNCTNM FUNC_NN NO %0
3 HOST_LANG HOST_LANG NO YES M_HOST_LANG
4 ROUT_SRC ROUTINE WM NO YES M_ROUT_SRC
5 ROUT_EXEC ROUTINE NM NO YES M ROUT_EXEC
& IND_Dob IND_DOD NO YES M_INO_boD
7 FUNT_NM_INV FUNC_NM YES MO M_FUNC_NM_INV
8 FUNC_NM_DOD FUNCTNM YES ¥O M_FUNC_NM_DOD
FUNC_S1TE 1 USER_NM USER_NM NO NO
2 FUNC_NM FUNC_ M NG WO
_ 3 SITE_NM SITE WM NO MO
' 4 IND_STORED 160_STORED NO N0 #_IND_STORED
KEY 1 USER_NM USER_MM NO MO
2 RT_NH RT_NN N0 NO
3 KEY_ WM KET_NM NO WO
4 KEY_TYPE KEY_TYPE NO WO M_KEY_TYPE
5 INDEX_NM INDEX_NM YES NO S_KEY_ INDEX_NM
& CA_NM CA_SM YES NO N KEY_CA_NM
7 UPD_ACT FX_RULE YES NO M_UPD_AC
B DELTACT EX_RULE YES NO M_DELTACT
KEY_COLUMN 1 USER MM USER_NM NO NO
2 RT_NH RT_| NO NO
3 KEY_ KEY_NM NO NO
& COL_NM "M N0 NO
5 KEY_COL_SEQ#¥ KEY_COL_SEQ# NO NO M_KEY_COL_SEQ#
KEY_REF 1 USER_NM_PK USER_NM NO NO
2 RT_NN_PK T NH NO NO
3 USER_TM_FK USER_NM NO NO
& RT_NM_FK RT_ NI NO WO
5 R KEY_NM NO %0
LOG_PK_COLUME 1 AUDTT_SEQ# AUDTT_SEQ# NO WO
2 USER_WM USER NO NO
3 RT_NH RT NO NG
4 COL_NM ool _NM NO WO
5 PK_VAL DB_VAL NO %0 M_PK_VAL
PROGRAM 1 SITE_MM SITE_NM NO MO
2 PROG_ID PROG_ID NO MO
3 TIME_BLOCK TIME_BLOCK YES NO M_PRG_TIME_BLOCK
4 LOCK_QUOTA LOCK_QUOTA NG NO M_PRG_LOCK_QUOTA
PROG_DFLT 1 SITE W SITE WM N0 N0
2 PROG_ID PROG_ID NO  NO
3 USER_NM USER_ MM NO MO
& RT_NN RT_KM NO WO
L col_kM KOG MO
6 DEFRULT_VAL DB_VAL NO NO M_PDF_DEFAULT_VAL
RL_KEYWORD 1 RL_KEYW RL_KETW N0 NO
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COLUMN (continued)

RT_NM C¥ COL_NM DOM_NM A 1 CA_M_C CA_NM_M P
RT_AUTH 1 USER_NM_RT USER_NM NO NO

2 RT_NN RT WM NO NO

3 USER_WM_GRANTOR  USER_NM NO MO

& USER NM_GRANTEE  USER_NM NO WO

5 RET_ALL RET_ALL NO MO M_RET_ALL

6 INS_ALL INS_ALL NO YES M_RTA_INS_ALL

7 PK_UPD_ALL PK_UPD_ALL NO YES MPK_UPD_ALL

8 ARCH_ALL ARCH_ALL NO WO M_ARCH_ALL

9 DEL_ALL DEL_ALL NO YES M_RTA_DEL_ALL

10 SNAPSHOT_ALL SNAPSHOT_ALL N0 NO M_SNAPSHOT_ALL

11 CHECKOUT_ALL CHECKOUT_ALL NO YES M_CHECKOUT_ALL

12 PK_HiDDEN PK_NIDDEN NO YES M_PX_HIDDEN

13 RL_EXPR_RET RL_EXPR %O YES C_RL_EXPR_RET M_RL_EXPR_RET

14 RL_EXPR_INS RL_EXPR NO YES C_RL_EXPR_INS M_RL_EXPRINS

15 RL_EXPR_PK_UPD RL_EXPR HO YES C_RL_EXPR_PK_UPD  M_RL_EXPR_PK_UPD

16 RL_EXPR_ARTH RL_EXPR NO YES C_RL_EXPR_ARCH M_RL_EXPR_ARTH

17 RL_EXPR_DEL RL_EXPR NO YES C_RL_EXPR_DEL M_RL_EXPR_DEL

18 RL_EXPR_SHAPSHOT  RL_EXPR MO YES C_RL_EXPR_SHAPSHOT M_RL_EXPR_SNAPSHOT

19 RL_EXPR_CHECKOUT  RLEXPR HO YES C_RL_EXPR_CHECKOUT M_RL_EXPR_CHECKOUT
RT_CA 1 USER_NM_RT USER_NM NO NO

2 RT_NR RT_NH NQ NO

3 USER_WM_CA UsER M KO NO

& CA_NN CA_NW NO NO

S INS INE_ALL NO NO M_INS

6 DEL DEL_ALL N0 NO MDEL

7 RET RET_ALL NG NO M_RET
RT_FUNC 1 USER_NM_RT R %0 NO

2 RT_NN RY_NN NO NO

3 USER_NN_FUNC USER_NM NG NO

4 FUNC WM FUNC_ WM %0 NO
RT_SITE 1 USER_NM USER_NM NO NO

2 RT_NH RT_NM R0 NO

3 SITE MM SITE_WM N0 NO

4 RL_EXPR_LG RL_EXPR NO YES C_RL_EXPR_LG M_RL_EXPR_LG

5 RL_EXPR_GL RL_EXPR NO YES C_RLEXPR_GL N RL_EXPR_GL

6 IND_REPLICA IND_REPLICA NO YES M_IND_REPLICA

7 CR_DATE DATE NO MO M_RTS_CR_DATE

8 CR TINE TIME NO N0 M_RTS_CR_TIME

9 u_Drop TURN_KEY_NR NO NO M_N_DROP

10 N_DELETE TURN_KEY_NR NO YES W N_DELETE

11 N_DELAY TURN_KEY_NR NO NO M_N_DELAY

12 DELAY_PERIOD DELAY_PERIOD ND YES M_DELAY_PERICD

13 T ROM_COL_COUNT  NO  YES W_R

| RT_SYN 1 USER_NM_SYN USER_NM ND MO

2 RY_NH_STN RT_NN NO MO

3 USER NM_RT USER_NM NO NO M_SYN_YISER_NM_RT

4 RT_NM RT_NK NO NO M_SYN_RT_NH
R_TABLE 1 USER_NM USER_NM NO WO

2 RT_NA RT_ N NO WO

3 RT_TYPE RT_TYPE NG NO M_RT_TYPE

4 RL_EXPR RL_EXPR NO YES C_RL_EXPR_VIEW M_RL_EXPR

5 INS_ALL INS_ALL NO  YES M_RT_INS_ALL

6 DEL_ALL DEL_ALL NO YES M_RT_DEL_ALL

7 FUNC_NM_Wu FUNC_NM YES NO M_FUNC_NW_W
SINGULAR 1 OuMMY O NO

2 DOM_NM_FUNC DOM_NM NO NO #_DOM_NM_FUNC

3 DOM_NM_ARG DOM_NM BO NO M_DOM_NM_ARG

4 USER_NW_CATALOG  USER_WM NO NO M_USER_NM_CATALOG
SITE 1 SIV SITE_NM NO NO

2 IND_CATALOG_SITE  IND_CATALOG_SITE WO NO M_IND_CATALOG_SITE
TERMINAL 1 SITE_ SITE_WM NO  NO

2 TERM_ID TERM_ID NO NO
TERM_DFLT 1 SITE_NM SITE_WM NO NO

2 TERM_ID TEAM_ID NO NO

3 USER_WM USER_NM ND WO

4 RT_NN RT_NH NO NO

5 COL_NM col_m NO NO

6 DEFAULT_VAL DB_VAL NO N0 M_TOF_DEFAULY_VAL
USER 1 USER_NN usEx_nu NO NO

2 USER_GRP_NM USER_NM YES MO M_USER_GRP_NM

3 IND_BGOBA IND_GDBA NO NO M_IND_GDBA
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COLUMN (continued)
RT_NM C#¥ COL_NM DOM_NM A 1 CAMC CA_NM_M P
USER_! sne 1 USER_NM USER_NM NO NO
2 SITE_NM SITE_NM NO NO
3 TIME_BLOCK TIMETBLOCK L M_UST_TIME_BLOCK
4 LOCK_QUOTA LOCK_ QUOTA NO NO M_UST_LOCK_GIOTA
5 MAX_STOR_GRERY_ANT STORKGE_USAGE  HO NO M_MAX_STOR_QUERY_ANT
6 MAX_STOR_QUERY_ACT STORAGE_USAGE  NO NO W_MAX_ STOR_QUERY_ACT
7 MAX_STORTTOTAL_ANT STORAGE_USAGE NG NO N MAX_STOR_TOTAL_ANT
8 MAX_STOR_TOTAL_ACT STORAGE_USAGE  NO NO M_MAX_STOR_TOTAL_ACT
9 DBC_DOM DBC_DOM NG NO M_DBC_DOM ™
16 DBC_RT DBC_RT NG NO M_DBC_RY
11 DBC_COL DBC_COL NG ND M_DEC_COL
12 DBC_VIEW DBC_VIEW NO NO M_DBC_VIEW
13 OBC_CA_E DBC CA_E NO NO M_DBC_CA_E
14 OBC CA R DBC_CA_R NO NO M_DBC_CA_R
15 DBEC_CA_C DBC_CA_C NO NO M_DBC_CA_C
16 DBC_CAD DBC_CAD NG NO M_DBC CAD
17 DBC_CA_U DBC_CA_U NGO NO M_DBC_CA_U
18 DBC_FUNC DBC_FURC N0 NO M_DBC_FuliC
19 DBC_ACCESS DBE_ACCESS NO NO M_DBC_ACCESS
20 DBC_DB_INDEX b8C”DE_INDEX NO NO M_DBC_DB_INDEX
21 DBCCFK DBCTFK™ NO NO M_DBC_FK
22 DBC_AUTH DBC_AUTH NO NO ‘M_DBC_AUTH
23 DBC_SNAPSHOT DBC_SNAPSHOT NO NO M_DBC_SNAPSHOT
24 DBCTAUDIT_LDG DBC_AUDIT_LOG  NO NO M_DBC_AUDIT_LOG
25 DBC_ARCH DBC_ARCH X0 N0 M_DBC_ARCH
26 DBC_DATE_ROUND DBC_DATE_ROUND  NO  NO M_DBE_DAJE_ROUND
27 Q_A_MAYBE ALL Q_MAYBE_ALL NO ND .M_Q_ATMAYBE_ALL
28 Q_1_MAYBE ALL Q_MAYBE_ALL NO  NO M_Q_I MAYBE_ALL
29 Q_MAYBE_ALL Q_MAYBE _ALL NO NO M_Q_MAYBE_ATL
30 Q_AR_ALL Q_AR_ALL NO NO M_Q_AR_ALL
31 QIR ALL Q_IRTALL NO MO M_G_IRTALL
32 Q_ESR AL Q_ESR_ALL NO WO N_Q_ESR_ALL
33 ¢_ORDER ALL Q_ORDER_ALL NO 3O M_G_ORDER_ALL
34 G ONCE ALL Q_ONCE_ALL NO NO M_G_ONCE_ALL
35 Q_pCo_ALL Q_DCo_ALL NO MO M_Q_DCO_ALL
36 a_EXcl SIBL_ALL  Q_EXCE SIBL_ALL NO NO M_Q_EXCL_SIBL_ALL
37 Q_DOD_ALL Q_bop_ALL NO NO N_Q_bob_ALL
38 Q_SAVE ALL A SAVE ALL NO MO M_Q_SAVE ALL
39 Q_VALUE_ALL Q_VALUE_ALL NO %0 M_Q_VALUE ALL
40 END_DBA_USER 1HD_DBA_USER NO O M_IND_DBA_USER
41 GRANT_AEL T_AlL NO NO _GRANT_ALL
&2 ASSIGN_ALL ASSIGN_ALL NO WO M_ASSIGH_ALL
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The DOMAIN data are retrieved by means of the following SQL statement:
SELECT DOM_NM, DOM_TYPE, COMP_ALL, BD TYPE NM, LENGTH, SCALE, CA_NM

/* username of catalog owner */

FROM DOMAIN

WHERE USER_NM_DOM = ‘RMV2’

ORDER BY DOM_NM

DOMAIN

DOM_NM DOM_TYPE COM BD_TYP LENGTH SCALE CA_NM
ARCHIVE_NM PRIMARY  YES CHAR 30 D_ARCHIVE_NM
ARCH_ALT SECUNDARY NO CHAR 3
ARG_NM PRIMARY  YES CHAR 30 D_ARG_NM
ARG_SEQ#¥ PRIMARY  YES NUMBER 4
ASSTGN_ALL SECUNDARY NO CHAR 3
AUDIT SEo# PRIMARY ~ YES NUMBER 12
BD_TYPE_NM PRIMARY  YES CHAR 30 D_BD_TYPE_NM
CA_DATE PRIMARY  YES DATE D_CADATE
CA_NM PRIMARY  YES CHAR 30 D CANM
CA_TIME PRIMARY YES NUMBER 12 6 D_CA_TIME
CHECKOUT_ALL  SECUNDARY NG CHAR 3
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DOMAIN (continued)

Contents of the Catalog R-tables

DBC_ACCESS
DEC_ARCH
DBC_AUDIT_LOG
DBCAUTH
DBC_CA_C
DBC_CAD
DBC_CA_E
DBC CAR
DBCCAY

DBC_DATE_ROUND

DBC_DB_INDEX
DBC_DOM

2
[y
g

DBC_SHAPSHOT

DBC_VIEW

DB_VAL

DELAY_PERICD
ALL

IND_CATALOG_SITE
1ND_DBA_USER
1ND_D0OD
IND_GDBA
IND_LENGTH
TND_MARK
IND_REPLICA
IND_SCALE
IND_STATIC
1ND_STORED
IND_UNMARK
INS_ALL
INTERVAL

Q_MAYBE_ALL
Q_ONCE_ALL
Q_ORDER_ALL

| QTSAVE_ALL
Q_VALUE_ALL
RET_ALL
RL_EXPR
RL_KEYW

RODT INE_NM
ROW_COL_COUNT

DOM_TYPE COM
PRIMARY  YES
PRIMARY  YES
SECUNDARY NO

PRIMARY YES
PRIMARY  YES
PRIMARY  NO
SECUNDARY NO

PRIMARY  YES |

SECUNDARY NO
SECAMDARY NO
SECUNDARY YES
PRIMARY YES
SECUNDARY NO
SECUNDARY NO
SECUNDARY MO
SECUNDARY NO
SECUNDARY NO
SECUNDARY WO
SECUNDARY NO
SECUNDARY NO
SECUNDARY NO
SECUMDARY NO
SECUNDARY NO
SECUNDARY NO
SECUNDARY NO
PRIMARY  YES
PRIMARY  YES
SECUNDARY %O

SECUNDARY YES

SECUNDARY YES
SECUNDARY NO
SECUNDARY NO
SECUNDARY NO
PRIMARY YES
SECUNDARY NO
SECUNDARY NO

SECUNDARY NG

SECUNDARY RO
SECUNDARY NO
SECUNDARY NO
SECUNDARY MO
SECUNDARY WO
SECUNDARY NO
SECUNDARY KO
SECUNDARY NO
SECUNDARY NO
SECUNDARY NO
PRIMARY  YES
PRIMARY  YES
SECUNDARY YES

BD_TYP LENGTH SCALE CA_NM

AEs st wwESAE wtEmmm GessdmmmmE=

CHAR
CHAR
CHAR
HUMBER

BAAENsSARESETUNSES FRBAARUDET WA EEEARS

g§uuuuumuwwuuuguu—omogaauuuuumumwuuugaiugwumaogumﬁuwuuuuuuuuuuuuuwuu nowe S

14
12

D_DATE

D_DOM_NM

D_pUMY
D_FUNC_NM

D_INDEX_NM

D_KEY_NM

D_PROG_ID

D_RL_EXPR
D_RLKEYW
D RODTINE_NM

49
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DOMAIN (continued)

DOM_NM DOM_TYPE COM BD_TYP LENGTH SCALE CA_NM
RT_NM PRINARY  YES CHAR 30 D_RT_WM
RT_TYPE SECUNDARY NO CHAR 8

SCALE SECUNDARY YES NUMBER 2

SITE_NM PRIMARY  YES CHAR 30 D_SITE_NM
SNAPSHOT ALL  SECUMDARY NO CHAR 3

STORAGE_USAGE  SECUNDARY YES NUMBER 6

TERM_ID PRIMARY  YES CHAR 30 D_TERM_ID
TINE PRIMARY  YES DATE D_TIME
TIME_BLOCK SECUNDARY YES NUMBER 6

TTINE SECUNDARY NO CHAR 2

TURN_KEY_NR SECUNDARY YES NUMBER 2

UPD_ALL SECUNDARY NO  CHAR 3

USER_3M PRIMARY  YES CHAR 30 D_USER_NM

The DOM _RANGE data are retrieved by means of the following SQL statement:
SELECT DOM_NM, DR_SEQ#, LOVAL, HIVAL
FROM DOM_RANGE
WHERE DOM_NM IN
(SELECT DOM_NM
FROM DOMAIN
WHERE USER_NM DOM = ‘RMV2°') /* username of catalog owner */
ORDER BY DOM_NM, DR_SEQ#

DOM_RANGE
DOM_NM DR_SEO# LOVAL HIVAL
ARCK_ALL 1 M0 NO
2 YES YES
ARG_SEC#¥ 1 0001 9999
ASSTGN_ALL 180 NO
2 YES YES
MPDIT_SEGH 1 000000000001
CHECKDUT_ALL 1 80 NO
2 YES YES
COL_SEQ# 1 0001 9999
COMP_ALL 1 %0 NO
2 YES YES
CONSTR_TYPE 1F0 FO
2 INCL_DPCY INCL_DPCY
3 Jb 3
& MWD WD
CS_SEO# 101 9%
DBC_ACCESS 1 N0 NO
2 YES YES
DBC_ARCH 1 %0 NO
2 YES YES
DBC_AUDIT_LOG 1 N0 ‘NO
2 YES YES
DBC_AUTH 1 80 NO
2 YES YES
DBC_CA C 180 NO
2 YES YES
DBC_CA_D 1 N0 NO
2 YES YES
PBC_CA_E 1 NO 8O
2 YES YES
DBC_CA_R 1 %0 N0
2 YES YES
DBC_CA_U 180
2 YES YES
baC_CoL 1 NO NO
2 YES YES
DBC_DATE_ROUND 1% NO
2 YES YES
DBC_DB_INDEX 1 MO
2 YES YES
DBC_DOM 1 NO NG
- 2 YES YES
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DOM_RANGE (continued)

DOM_KM DR_SEQ# LOVAL KIVAL
] DBC_FK 1 %0 wo

2 YES YES
DBC_FUNC 1 NO NO

2 YES YES
DBC_RT 1 N0 NO

2 YES YES
DBC_SNAPSHOY 1 MO NO

2 YES YES
DBC_VIEW 1 N0 NO

2 YES YES
DB_VAL 1 %0 NO

2 YES YES
DELAY_PERICD 1 001 999
DEL_ALL 1 M0 - NO

2 YES YES
DOM_TYPE 1 PRIMARY PRIMARY

2 SECUNDARY SECUNDARY
DR_SEQ# 1 0001 996
bS”SEO# 1 01 Ced
FKCRULE 1 CASCADE CASCADE

2 MARK MARK

3 RESTRICT RESTRICT
GRANT_ALL 1 NO NO

2 YES YES
IND_CATALOG_SITE 1 MO NO

2 YES YES
IND_DBA_USER 1 NO uo

2 YES YES
I%D_DOD 180 8O

2 YES YES
IND_GDBA 1 NO NO

2 YES YES
IND_LENGTH 1 NO %o

2 YES YES
IND_MARK 1 NO NO

2 YES YES
IND_REPLICA 1 NO NO

2 YES YES
IND_SCALE 1 NO %0

2 YES YES
IND_STATIC 1 NO )

2 YEs YES
IND_STORED 1 NO N0

2 YES YES
IND_UNMARK 1 NO %0

2 YES YES
INS_ALL 1 NO NO

2 YES YES
INTERVAL 1 00000001 99999999
KEY_COL_SEQ# 1 0001 9999
KEY_TYPE 1 ALTERNATE ALTERNATE

2 FOREIGN FOREIGN

3 INDEX INDEX

4 PRIMARY PRIMARY
LENGTH 1 00001 99999
LOCK_QUOTA 1 000001 999999
MARK_PREF 14 A

21 1
PK_HIDDEN 1 %0 WO

2 YES YES
PK_UPD_ALL 1 NO NO

2 YES YES
Q_AR_ALL 1 NO NO

2 YES YES
Q_DCO_ALL 1 NO NO

2 YES YES
Q_DOD_ALL 1 NO

2 YES YES
@_ESR_ALL 1 N0 NO

2 YES YES
©_EXCL_SIBL_ALL 1 MO NO

2 YES YES
Q_IR_ALL 1 ND NO

2 Yes YES




Appendix A

DOM_RANGE (continued)

Contents of the Catalog R-tables

DOM_NM
Q_MAYBE_ALL
Q_ONCE_ALL
Q_ORDER_ALL
Q_SAVE_ALL
Q_VALUE_ALL
RET_ALL

ROW_COL_COUNT
RT_TYPE

SCALE
SNAPSHOT_ALL

STORAGE_USAGE
TINE_BLOCK
TTIME

TURN_KEY_NR
UPD_ALL

DR_SEQ¥ LOVAL

REL_ASGN
SNAPSHOT
VIEW

YES

CHECKOUT
REL_ASGN
SNAFSHOY
VIEW

YES

TC
17

YES

The KEY data are retrieved by means of the following SQL statement:
SELECT RT_NM, KEY_NM, KEY TYPE, CA_NM, UPD_ACT, DEL_ACT

FROM KEY

WHERE USER_NM =~ ‘RMV2’

ORDER BY RT_NM, KEY_NM

/* username of catalog owner */

KEY

RT_NM KEY_NM m ‘I'YPE CA_WM UPD_ACT DEL_ACT

ARCHIVE ARCHIVE_| RTSI‘I'E Foasmu ARCHIVE_| m'sne CASCADE CASCADE
PRIMARY _KEY PRIMARY  PK_ARCHIVE

ARGUMENT ALTERNATE_ARG_NM ALTERNATE ALTERNATE_ARG_NM
ARGUMENT_FUNCTION FOREIGN  ARGUMENT FUNCTION CASCADE CASCADE

_ PRIMARY_KEY PRIMARY  PK_ARGUMENT

AUDIT_INTERVAL AUDITINTERVAL_RTABLE FOREIGN  AUDITINTERVAL_RTABLE CASCADE CASCADE
AUDITINTERVAL USER_OFF FOREIGN  AUDITINTERVAL_USER_OFF CASCADE CASCADE
AUDITINTERVAL_USER_ ON  FOREIGN AUDITINTERVAL_USER_ON  CASCADE CASCADE
PRIMARY_KEY PRIMARY  PK_AUDIT_INTERVAL

AUDIT_LOG AUDITLOG_COLUNN FOREIGN  AUDITLOG_COLUMN CASCADE CASCADE
AUDITLOG PROGRAM FOREIGN  AUDITLOG_PROGRAM CASCADE RESTRICT
AUDITLOG_TERMINAL FOREIGN  AUD]TLOG_TERMINAL CASCADE RESTRICT
AUDTTLOGTH FOREIGN  AUDITLOG_USER CASCADE RESTRICT
PRIMARY_KEY PRIMARY  PK_AUDIT_LOG

BASIC_DATATYPE PRIMARY_KEY PRIMARY  PK_BASIC DATATYPE

cA_sITE CASITE_CONDACT FOREIGN  CASITE_CONDACT CASCADE (CASCADE
CASITE_SITE FOREIGH CASITE_SITE CASCADE CASCADE
PRIMARY KEY PRIMARY PK_CA_SITE

COLUMN ALTERNATE CA_C ALTERNATE ALTERNATE _CA_C
ALTERNATE_CA M ALTERNATE ALTERNATE_CA_M
ALTERNATE_SEQ# ALTERNATE ALTERNATE SEQ# COL
COLUMN_BAS] COATATYPE FOREIGN  COLUMN_BASICOATATYPE RESTRICT RESTRICY
COLUMN_COLUMN FOREIGN  COLUMN_COLUMN CASCADE CASCADE
COLUMN_CONDACT_COLCONSTR FOREIGH  COLUMN_CONDACT_COLCONSTR CASCADE MULLIFY
COLUMN_COMDACT_MARK FOREIGN  COLUMN_CONDACT MARK CASCADE NULLIFY
COLUMN_DOMAIN FOREIGN  COLUMN_DOMAIN CASCADE RESTRICT
COLUMN_RYABLE FOREIGH  COLUMN_RTABLE CASCADE CASCADE
PRINARY_KEY PRIMARY  PK_CGLONN
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REY (continued)

RT_NM KEY_MN KEY_TYPE CA_NM UPD_ACT DEL_ACT

COLUMN_STRUCT ALTER!MTE SEQ# AI.TERNATE ALTERNATE_SEG¥ Cs
COLSTRUCT_COLUMN_SUB FOREIGN  COLSTRUCY_COLUNN_SUB CASCADE RESTRICT
COLSTRUCT_COLUMK_SUP FOREIGN  COLSTRUCT_COLUMN_SuP CASCADE CASCADE

PRIMARY KEY PRIMARY  PK_COLUMN_STRUCT™

COL_AUTH COLAUTH_COLUMN FOREIGN  COTAUTH_COLUMN CASCADE CASCADE
COLAUTH_RTAUTH FOREIGN  COLAUTH_RTAUTR CASCADE CASCADE
PRIMARY_KEY PRIMARY  PK_COL_AUTH

COL_CA COLCA_COLUMM FOREIGN  COLCA_COLUMN CASCADE CASCADE
COLCA_CONDACT FOREIGN  COLCA_CONDACT CASCADE CASCADE
PREMARY_KEY PRIMARY PK_COL CA

COL_SITE COLSITE_COLUMN FOREIGN  COLSITE_COLUMN CASCADE CASCADE
COLSITE_RTSITE FOREIGN COLSITE RISITE CASCADE CASCADE
PRIMARY_KEY PRIMARY  PK_COL_SITE

COND_ACT CONDACT_USER FOREIGN  CONDACT USER CASCADE CASCADE
PRIMARY KEY PRIMARY  PX_COND”ACT

DB_IMDEX DBENDEX_DOMAIN EOREIGN  DBINDEX_DOMAIN CASCADE CASCADE
PRIMARY KEY PRIMARY  PK_DB_INDEX

DB_INDEX_COL  DBINDEXTOL_COLUMN FOREIGN  DBTNDEXCOL_COLUMM CASCADE CASCADE
DBINDEXCOL_DBINDEX FOREIGN  DBINDEXCOL DBINDEX CASCADE CASCADE
PRIMARY KEY PRIMARY  PK_DB_INDEX_cOL

DOMAIN ALTERNATE_CA_NM ALTERNATE ALTERNATE_CA WM D
DOMAIN_BASICDATATYPE FOREIGN  DOMAIM_BASICDATATYPE RESTRICT RESTRICT
DOMATN_CONDACT FOREIGN  DOMATN_CONDACT CASCADE NULLIFY
DOMAIN_USER FOREIGN  DOMATN_USER CASCADE RESTRICT
PRIMARY KEY PRIMARY  PK_DOMAIN

DOMAIN_STRUCT ALTERNATE SEo# ALTERNATE ALTERHATE SEG¥ DS

DOMSTRUCT_DOMAIM_SUB FOREIGN  DOMSTRUCT_DOMATN_SuB CASCADE RESTRICT |
DONSTRUCT DOMAIN_SUP FOREIGN  DOMSTRUCT DOMAIN_SUP CASCADE CASCADE

PRIMARY_KEY PRIMARY  PK_DOMAIN_STRUCT™

DOM_RANGE DOMRANGE_DOMAIN FOREIGN  DOMRANGE_DOMAIN CASCADE  CASCADE
PRIMARY_KEY PRIMARY  PK_DOM_RANGE

FUNCTION ALTERNATE_ROUT_EXEC ALTERNATE ALTERNATE_ROUT_EXEC
ALTERNATE_ROUTSRC ALTERNATE ALTERNATE_ROUT™SRC

FUNCTION_FUNCTION_DOD FOREIGN  FUNCTION_FUNCYTON_DOD CASCADE  NULLIFY
FUNCTTON_FUNCTION_INV FOREIGN  FUNCTION_FURCTION_INV CASCADE MULLIFY

FUNCTION USER FOREIGN  FUNCTION_USER CASCADE CASCADE
PRIMARY KEY PRIMARY  PK_FUNCTTON
FUNC_SITE FUNCSITE_FUNCTION FOREIGN  FUNCSITE_FUNCTION CASCADE  CASCADE
FUNCSITE SITE FOREIGN  FUNCSITE_SITE CASCADE CASCADE
PRIMARY KEY PRIMARY  PK_FUNC SITE
KEY ALTERNATE_CA_NM ALTERNATE ALTERNATE_CA_NM X
ALTERNATE_INDEX ALTERNATE ALYERNATE_INDEX™
KEY_CONDACT FOREIGM  KEY_CONDAET CASCADE RESTRICT .
KEY RTABLE FOREIGN  KEY RTABLE CASCADE CASCADE
PRIMARY_KEY PRIMARY  PK_KEY
| xEY_coLumn ALTERNATE_SEQ¥ ALTERNATE ALTERNATE_SEQ# XC
KEYCOLUMN_COLLMN FOREIGN  KEYCOLUMN_COLUMN CASCADE  CASCADE
KEYCOLUMN XEY FOREIGH  KEYCOLUMN KEY CASCADE CASCADE
PRIMARY_KEY PRIMARY  PK_KEY |
KEY_REF KEYREF_KEY FOREIGN  KEVREF_KEY CASCADE CASCADE
KEYREF_RTABLE FOREIGN  KEYREF_| RTABLE CASCADE CASCADE
PRIMARY_XEY PRIMARY  PK_KEY_R |
LOG_PK_COLUMN LOGPKCOLUMN_AUDITLOG FOREIGN oﬁpxc&w AUDITLOG CASCADE RESTRICT
LOGPKCOLUMN_COLUMN FOREIGN  LOGPKCOLUMN COLUMN CASCADE CASCADE
PRIMARY_KEY PRIMARY  PK_LOG_PK_COLUMN
PROGRAM PRIMARY_XEY PRIMARY  PX_PROGRAM
PROGRAM_SITE FOREIGN  PROGRAM_SITE CASCADE  CASCADE
PROG_DFLY PRIMARY KEY PRIMARY  PK_PROG_DFLT
PROGDFLT_COLUMN FOREIGN  PROGDFLY_coLumw CASCADE CASCADE
PROGDFLT_PROGRAM FOREIGN  PROGDFLT_PROGRAM CASCADE CASCADE
RL_KEYWORD PRIMARY_FKEY PRIMARY  PK_RL_KEYWORD
RT_AUTH PREMARY_KEY PRIMARY  PK_RT_AUTH
RYAUTH_RTABLE FOREIGN  RTAUTH_RTABLE CASCADE CASCADE
RTAUTH_USER_GRANTEE FOREIGN  RTAUTH_USER_GRANTEE CASCADE CASCADE
RYAUTH_USER_GRANTOR FOREIGN  RTAUTH_USER_GRANTOR CASCADE CASCADE
RY_CA PRIMARY KEY™ PRIMARY  PK_RY_CA
RTCA_CGNDACT FOREIGN  RTTA_TONDACT CASCADE  CASCADE
RTCA_RTABLE FOREIGN  RTCA_RTABLE CASCADE CASCADE
RT_FUNC PRIMARY_ KEY PRIMARY  PK_RT_FUNC
RTFUNC_FUNCTION FOREIGN  RTFUNC_FUNCTION CASCADE CASCADE
RTFUNC_RTABLE FOREIGN  RTYFUNC_RTABLE CASCADE CASCADE
RY_SITE PRIMARY KEY PRIMARY  PK RT SIVE
- RYSITE_RTABLE FOREIGN RTEJTE_RTABLE CASCADE CASCADE
RYSITE_SIYE FOREIGN  RYSITE SITE CASCADE CASCADE
RT_SYM PRIMARY_KEY PRIMARY  PK_RT_SYN

RTSYN_RTABLE FOREIGN  RTSYN_RTABLE CASCADE CASCADE
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KEY (continued)

RT_NM KEY_NM KEY_TYPE CA_NM UPD_ACT DEL_ACT
{ R_TABLE PRIMARY_KEY PREMARY  PK_R_TABLE
RTABLE_FUNCTION FOREIGN  RTABLE_FUNCTION CASCADE NULLIFY
| RTABLE_USER FOREIGN  RTABLE_USER CASCADE
SINGULAR PRIMARY KEY PRIMARY  PK_SINGULAR
SINGULAR_DOMAIN_ARG FOREIGN  SINGULAR_DOMAIN_ARG CASCADE  CASCADE
SINGULAR_DCMATN_FUNC FOREIGN  SINGULAR_DOMAIN_FUNC CASCADE  RESTRICT
SINGULAR_USER FOREIGN  SINGULAR_USER CASCADE  RESTRICT
SITE PRIMARY_KEY PRIMARY  PK_SITE
TERMINAL PRIMARY_KEY PRIMARY  PK_TERMINAL
TERMINAL_SITE FOREIGN  TERMINAL SITE CASCADE  CASCADE
TERM_DFLT PRIMARY_KEY PRIMARY  PK_YERM_DFLY
TERMOFLT_COLUMN FOREIGN  TERMDFLY COLUMN CASCADE CASCADE
TERMOFLT_TERMINAL FOREISGN  TERMDFLT_TERMINAL CASCADE  CASCADE
USER PRIMARY KEY PRIMARY  PK_USER
USER_USER FOREIGN  USER_USER CASCADE RESTRICT
USER_SITE PRIMARY KEY PRIMARY  PK_USER SITE
USERSITE_SITE FOREIGN  USERSITE_SITE CASCADE  CASCADE
USERSITE_USER FOREIGN  USERSITE_USER CASCADE CASCADE

The KEY REF data are retrieved by means of the following SQL statement:

SELECT RT_NM_FK, KEY_NM, RT_NM_PK

FROM KEY REF

WHERE USER_NM PK = 'RMV2’
AND USER_NM_FK = 'RMV2’

ORDER BY RT NM_FK, KEY_NM

/* username of catalog owner */

KEY REF
RT_NM_FK KEY_NM RY_NM_PK
ARCHIVE ARCHIVE_RTSITE RT_SITE
ARGUMENT ARGUMENT FUNCTIOM FUNCTIOM
AUDIT_INTERVAL AUDIYINTERVAL_RTABLE R_TABLE
AUDITINTERVAL_USER_OFF  USER
AUDITINTERVAL_USER_ON  USER
AUDIT_LOG AUD1TLOG_COLUNN COLUMN
AUD I TLOG_PROGRAM PROGRAM
AUD I TLOG_TERMINAL TERMINAL
AUDTTLOG_USER USER
CA_SITE CASITE_CONDACT DOND_ACT
CASITE_SITE SITE
COLUMN COLUMN_BASICDATATYPE BASIC_DATATYPE
COLUMN_COLUMN COLUMN
COLUMN_CONDACT _COLCONSTR COND_ACT
COLUMM_CONDACT_MARK COND™ACT
COLUMN_DOMAIN DOMATN
COLUMN_RTABLE R_TABLE
COLUMN_STRUCT COLSTRUCT_COLUMN_SUB COLUMN
COLSTRUCT_COLUMN_SUP COLUMN
COL_AUTH COLAUTH_COLUMN COLUMN
COLAUTH_RTAUTH RT_AUTH
COL_CA COLCA_COLUMN COLLMN
COLCA_CONDACT COND_ACT
COL_SITE COLSITE_COLUMN COLUNN
COLSITE_RTSITE RT_SITE
COND_ACT CONDACT_USER UsEr
DB_INDEX DBINDEX DOMAIN DOMA LR
DB_INDEX_COL  DBINDEXTOL_COLUMN COLUMN
DBINDEXNCOL_DBINDEX DB_INDEX
DOMAIN DOMATN_BASTCDATATYPE BASIC_DATATYPE
DOMAIN_CONDACT COND_ACT
DOMAIN_USER USER
DOMAIN_STRUCT DOMSTRUCT_DOMAIN_SUB DOMAIN
DOMSTRUCT DOMAIK_SUP DOMAIN
DOM_RANGE DOMRANGE_BOMAIN DOMAIN
FUNTTION FUNCTION_FUKCTION DOC  FUNCTION
FUNCTTION_FUNCTION_INV  FUNCTION
FUNCT JON_USER USER
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KEY REF (continued)

RT_NM_FK KEY_W» RT_NM_PK
FUNC_SITE FUNCSTTE_FUNCT1ON FUNCTION
FUNCSITE_SITE SITE
KEY KEY_! COND_ACT
| KEY_RTABLE R_TABLE
KEY_COLUMN KEYEOLUMN_COLUMN cBLUmN
KEYCOLUMN_KEY KEY
XEY_REF KEYREF_KEY KEY
KEYREF_RTABLE R_TABLE
LOG_PK_COLUMN  LOGPKCHLUMN_AUDITLOG ADDIT_LOG
LOGPKCOLUMN_COLUMN CoLUMN
PROGRAM PROGRAM_SITE SITE
PROG_DFLT PROGDFLT_COLUMN COLUMN
PROGDFLT_PROGRAM PROGRAN
RT_AUTH RTAUTH_RTABLE R_TABLE
RTAUTH_USER_GRANTEE USER
RYAUTH USER_GRANTOR USER
RT_CA RTCA_CONDACT COND_ACT
RTCA_RTABLE R_TABLE
RT_FUNC RTFURC_FUNCTIOM FONCTION
RTFUNC_RTABLE R_TABLE
RT_SITE RTSITE_RTABLE R_TABLE
RTSITE_SITE STTE
RT_SYN RTSYN_RTABLE R_TABLE
R_TaBLE RTABLE_FUNCTION FONCTION
RTABLE_USER USER
SINGULAR SINGULAR_DOMAIN ARG DOMAIN
SINGULAR_DOMAIN_ FUNC DOMAIN
SINGULAR_USER USER
TERMINAL TERMINAL_SITE SITE
TERM_DFLT TERMDFLT_COLUMN COLUMN
TERMOFLT_TERMINAL TERMINAL
USER USER_USER USER
USER_SITE USERSITE_SITE SITE
USERSI TE_USER USER

The KEY _COLUMN data are retrieved by means of the following SQL statement:
SELECT RT_NM, KEY_NM, KEY_ COL_SEQ#, COL_NM
FROM KEY_COLUMN
WHERE USER_NM = ‘RMV2’ /* username of catalog owner %/
ORDER. BY RT_NM, KEY_NM, KEY_COL_SEQ#

KEY_COLUMN
RT_NM KEY_NM KEY_COL_SEQ# COL_NM
ARCHIVE ARCHIVE_RTSIT 1 USER_NM
2 RT_NH
3 SITE_ WM -
PRIMARY_KEY 1 USER_NM
2 ARCHTVE_WM
ARGUMENT ALTERNATE_ARG_NM 1 USER_WM
2 FUNC WM
3 ARG WM
ARGUMENT _FUNCT ION 1 USER_NH
2 FUNC_NM
PRIMARY_KEY 1 USER_WM
2 FUNC_NM
3 ARG_SEQ#
AUDIT_INTERVAL AUDITENTERVAL_RTABLE ; :ﬁe&m
AUDITINTERVAL_USER_OFF 1 USER_NM_LOG_OFF
AUDITINTERVAL_USER_ON 1 USERTNM_LOG_ON
PRIMARY_XEY 1 USER_NM
2 RT_WH
3 pATE_LOG_ON
4 TIME_LOG_ON
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KEY _COLUMN (continued)

Contents of the Catalog R-tables

BASIC DATATYPE
ca_SiTe

COLUMN

COLUMN_STRUCT

COL_AUTH

KEY_|

AUDITLOG_PROGRAM
AJDITLOG_TERMINAL
AUDITLOG_USER
PRIMARY_KEY
PRIMARY_KEY
CASITE_CONDACT
CASITE_SITE
PRIMARY_KEY
ALTERNATE_CA_C
ALTERNATE_CA_M
ALTERNATE_SEQ#

COLUMN_BASICDATATYPE
COLUMN_COLUNN

COLUMN_CONDACT_COLCONSTR
COLUMN_CONDACT_MARK

COLUMN_DOMATX
COLUMN_RTABLE
PRIKARY_KEY

ALTERNATE_SEQ¥

COLSYRUCT_COLUMN_SUB
COLSTRUCT_COLUMN_SUP

PRIMARY_KEY

COLAUTH_COLUMN

COLAUTH_RTAUTH

PRIMARY_KEY

COLCA_COLUMN

COLCA_CONDACT
PRIMARY_KEY

TiBssERRFSA R AR SpuuANRAaS

1 USER_WM_RT
2 RT MM

3 col_Nm

1 SITE_WM

2 PROG_ID

1 SITE
2 TERM_ID
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Appendix A

KEY COLUMN (continued)

Contentz of the Catalog R-tables

RT_NM

LT T T T

COL_SITE

COMD_ACT
DB_INDEX

DB_INDEX_COL

DOMATH

DOMATIN_STRUCT

DOM_RANGE

FUNCTION

FUNC_SITE

KEY

SdpsERBAA RS Ss RAGRSSEBSSSINRSSEAEEVASS

KEY_WM

COLSITE_RTSITE

PRIMARY_KEY

COMDACT_USER
PRIMARY KEY

DBINDEX_DOMAIN
PRIMARYKEY

DEINDEXCOL_COLUMN

DBINDEXCOL_DBINDEX
PRIMARY_KEY

ALTERNATE_CA_NM

DOMAIN_BASICOATATYPE
DOMATN_CONDACT

DOMAIN USER

PRINARY_KEY
ALTERNATE_SEQ#

DOMSTRUCT_DOMAIN_SUB
DOMSTRUCT DOMAIN_SUP
PRIMARY_KEY

DOMRANGE_DOMAIN
PRIMARY_KEY

ALTERNATE_ROUT_EXEC
ALTERNATE_ROUT_SRC

FUNCTION_FUNCTION_DOD
FUNCTION_FUNCTION_INV

FUNCTJON_USER
PRIMARY_KEY

FUNCSITE_FUNCTION
FUNCSITE_SITE
PRIMARY_REY
ALTERNATE_CA_NM

ALTERNATE_INDEX
KEY_CONDACT

KEY_RTABLE
PRIMARY_KEY

KEY_COL_SEQ# COL_KM
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KEY_COLUMN (continued)

RT_NM KEY_NM XEY_COL._SEQ¥ COL_NM
KEY_COLUMN ALTERNATE_SEG¥ ; USER_NM
RT
3 RET_NM
4 KEY COL_SEQ#
KEYCOLUMN_COLUMN 1 USER_NM
2 RT_NM
3 col_NW
KEYCOLUMN_KEY 1 USER_NM
2 RT_NH
3 KEY_ MM
PRIMARY_KEY 1 USER_NM
2 RT_NN
3 KEY M
& COL WM
KEY_REF KEYREF_KEY 1 USER_NM_FX
2 RT_NM_FK
¢ e ? xsfinﬂ
KEYREF_RTABL USER_NM_PK
- 2 RT_NM_PR
PRIMARY _KEY 1 USER_NM_PK
2 RT_NW_PK
3 USER_NM_FK
& RT_NW_FK
5 KEV_NM
LOG_PK_COLUMN  LOGPKCOLUMN_ALDITLOG 1 ADTT_SEa#
LOGPKCOLUMK_COLUMN 1 USER
2 RT_WN
3 col_NM
PRIMARY_KEY 1 AUTT SEGH
2 USER WM
3 RT_MH
4 col_NW
PROGRAM PRIMARY_KEY 1 SITE_NM
2 PROG_ID
PROGRAM_SITE 1 SITE_NM
PROG_DFLT PRIMARY_KEY 1 SITE_NM
2 PROG_ID
o RTMR
5 COL NM
PROGDFLT_COLUMN 1 USER_NM
2 RT_NA
3 col_m
PROGDFLT_PROGRAM 1 SITE_NM
2 PROG_ID
RL_KEYWORD PRIMARY_KEY 1 RL_KEYW
RT_AUTH PRIMARY_KEY 1 USER _WM_RT
2 RT NN
3 uSER_WM_GRANTOR
4 USER_NM_GRANTEE
RTAUTH_RTABLE 1 NM_RT
2 RT_NH
RYAUTH_USER_GRANTEE t USER_WM_GRANTEE
; RTAUTH_USER_GRANTOR 1 USER_MM_GRANTOR
{ RT_CA PRIMARY_KEY 1 USER_NM_RT
2 RT_NM
3 USER_NM_CA
& CA_NN
RTCA_CONDACT 1 USER_WM_CA
2 AW
RTCA_RTABLE 1 USER_WM_RT
2 RT_NN
RT_FUNC PRIMARY_KEY 1 USER_NM_RT
2 RT W
3 ysER_NM_FuNC
4 FUNC_|
RTFUNC_FUNCTION 1 USER_NM_FUNC
2 FUNC_NM
RTFUNC_RTABLE % USER_NM_RT
RT
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KEY COLUMN (continued)

RT_NM KEY_NM KEY_COL_SEQ# COL_NM
RT_SITE PRIMARY_KEY 1 USER_NM
2 RT_NH
3 SITE_WM
RTSITE_RTABLE ; ggen NM
RTSITE_SITE 1 s1TE
RT_SYH PRIMARY_KEY 1 USER_NM_SYN
2 RT_NW_STN
RTSYN_RTABLE 1 USER_NM_RT
2 RT_NM
R_TABLE PRIMARY_KEY 1 USER_NM
2 RT_NN
RTABLE_FUNCTION 1 USER_NM
2 FUNC_NM_ W
RTABLE_USER 1 USER_NM
SINGULAR PRIMARY KEY 1 DUMMT
SINGULAR_DOMAIN_ARG 1 DOM_NM_ARG
STHGULAR_DOMAIN_FUNC 1 DOM_NM_FUNC
SINGULAR_USER 1 USER_NH_CATALOG .
SITE PRIMARY_KEY 1 SITE_NM
| TERMINAL PRIMARY_KEY 1 SITE_WM
2 TERM_ID
TERMINAL_SITE 1 SITE_MM
TERM_DFLT PRIMARY_KEY 1 SITE_NM
£ e
R
4 RT_MA
S ¢oL_wM
TERMDFLT_COLUNN 1 USER MM
2 RT_WH
3 col_m
TERMDFLT_TERMINAL 1 SITE_NM
2 TERM_ID
USER PRIMARY KEY 1 USER_NM
USER_USER 1 USER_GRP_WM
USER_SITE PRIMARY_KEY ;1! gﬁg‘m
USERSITE_S1TE 1 SITE_NM
USERSTTE_USER 1 USER]

The COND_ACT data are retrieved by means of the following SQL statement:
SELECT CA_NM, TTIME, CONSTR TYPE
FROM COND_ACT
WHERE USER_NM =~ 'RMV2’ /* username of catalog owner */
AND (
(USER_NM, CA_NM) IN
(SELECT USER_NM_CA, CA_NM
FROM RT_CA

)
OR
(USER_NM, CA_NM) IN
(SELECT USER_NM CA, CA NM
FROM COL_CA
)

)
ORDER BY CA_NM

This SQL-statement only selects user-defined conditional actions., In the
catalog database these conditional actions coincide with the user-defined
constraints that were discussed in the manifesto. Constraints of type E, R, D
C, alternate keys and mark constraints (see section 7) are not shown here.
Because of their fixed structure, the specifications of these constraints can
be derived from the catalog data. To be specific, R-tables KEY and KEY_COLUMN
specify entity integrity (E), referential integrity (R) and alternate key
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constraints. R-tables DOMAIN and DOM _RANGE specify domain (D) constraints.
Mark constraints are defined by the wvalues of columns A MARK ALL and
I_MARK ALL in the R-table COLUMN.

Only the specifications of the few column (C) constraints, designated by
column CA_NM _C in the R-table COLUMN, cannot be inferred from the contents of
the catalog “tables. In the case of the RM/V2 catalog database all columm
constraints apply to columns that belong to the domain RL EXPR that contains
correct relational expressions. The column constraints on this domain limit
the expressions that are allowed for the column. For example, the column
RL_EXPR in the relation R_TABLE cannot be allowed to contain an INSERT-
statement. The meaning of the column constraints follows from the column
description in the main text.

The contents of the COND_ACT table specifies the timing type (TIT or TC) and
the constraint type. Although the catalog database does mnot contain
functional  dependency, multi-valued dependency or jein  dependency
constraints, it does constain some inclusion dependencies.

COND_ACT
CA_NM TT CONSTR_TYP CA_NM TT CONSTR_TYPE CA_NM TT CONSTR_TYPE CA_NM TT CONSTR_TYPE
ARO1 TT BM15 TT CMOT TT FUO7 17
AROZ TT BM16 TT cHOZ2 1T Fug8 1T
ARO3Z TT BM17 TT CMO3 TT Fuoe 17
AUO1 TT BM18 TT CHD4 TT FU10 TIT
A2 TY CADY1 TT cHWis 1T FU1l 7T
AUO3 TT cage 1T CMD6 TT FU12 17
AUOL  TT CAD3 TT CNO7 1T o1 T7
AUOS  TT CAQ4 TY CHO8 17 oz 17
AUOS TT CADS TT | CHO® TT 1x03 1T
AT TT CADS TT 1 bbO1 TT INCL_DPCY IX04 TT
AUO8 TT CAO7 1T DDOZ YT INCL_DPCY o5 17
| Aug® TT CADB TT poo3 1T 06 TT
A0 TY CAOY TT DDO4 TY 07 1T
AU TT CAlD TT DDOS TT INCL _DPCY %08 TT
AU1Z2 TT CAlt 1T DDGS TT INCL_DPCY 1601 1T
AU3 TT CA2 7T DDO7 TT LGD2 TT INCL_DPCY
AUts TT CA1Z TT ppog 71 LG03 TF
AU1S TT CAte TT Doey 17 LGD4 TT
BMO1 TT INCL_DPCY CAYS 7T oD10 T NRO1 TY
BMOZ TC T CA16 TT Db TT NRO2 TT
BMO3 TT : CATT 7T DD12 TT INCL_DPCY NRO3 TT
BMO4 TT cAg 1T bD13 1T NROG TY
BMOS TT CA1® 77 D14 1T KROS5 TT
BMO& TT CA20 TT b5 1% NROS TT
BMO7 TT INCL_DPCY CA2t 17 DD16 TT ST07 TV
BMOB TT CA22 TT BD17 TT sT02 TV
| BM09  TT CA23 TT FUOT 1T $703 TT
1 8M1G TT CA24 TT FUuo2 11 o1 TY
BM11 TT CA25 TT FUO3 TT w2 1T
BM1Z2 TT CA26 TT FUOG TT w3 TY
BM1Z TT CA27 TT Fuos 711 VuoL  TT
| 6M1&4 1T CAZ8 TT FU0é 1T wos TT

The data from the RT CA relation show what DML-operations on an R-table that
is subject to a conditional action trigger that conditional action. The
constraints correspond to the user-defined constraints that were dlscussed in
the manifesteo.

The RT_CA data are retrieved by means of the following SQL statement:
SELECT CA_NM, RT_NM, INS, DEL

FROM RT_ CA
WHERE US| ER_NM - 'RHVZ’ /* username of catalog owner %/
AND USER_NM ‘RMV2*

ORDER BY CA . Nﬁ
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RT_CA (continued)

VW02  COLUMN YES NO
VW03 COLUMN YES NO
VW04 COLUMN YES NO
DOMAIN NO YES
VROS  COLUMN YES YES
Finally, the COL_CA data are retrieved by means of the following SQL
statement
SELECT CA_NM, RT_NM, COL_NM, GROUP_ID
FROM COL._ CA
WHERE USER_NH_RT = 'RMV2'  /* username of catalog owner */
AND USER_NM CA = 'RMV2'
ORDER BY CA NM, RT NM
GOL_cCA
CA_NM RT_NM COL_NM CA_NM RT_NM COL_NM GROUP_ID
ARDO1 ARCHIVE CR_DATE DOM_RANGE DOM_NM
CR_TINE HIVAL
ARO2 RT_SITE CR_DATE LOVAL
CR_TIME AU09  COLUMN COL_NM
ARO3  KEY KEY_TYPE RT_NM
USER_NM DON_NM
RT_NH USER_NM
R_TAELE RT_NM DOM_RANGE DOM_NM
RI_TYPE HIVAL
USER_NM LOVAL
AUO1 RT_SITE N_DELAY TERM_DFLT COL_NM
N_DELETE DEFAULT_VAL
STTE_NM RT_NM
DROP USER_NM
USER USER_GRP_NM AUI0  COLUMN coL_RM
USER_NM RT_NM
USER_SITE SITE_NM DOH_NM
R_NM USER_NM
AUD2  COLUMN A_MARK_ALL DOM_RANGE DOM_HM
MARK_PREF LOVAL
T_MARK_ALL HIVAL
AUO3  RT_AUTH USER_NM_GRANTEE PROG_DFLT COL_NM
USER_NM_GRANTOR DEFAULT_VAL
USER_NM_RT RT_NM
AUDL RT_AUTH RT_NN USER_NM
USER_NM_GRANTEE AUNY  USER USER_GRP_NM
USER_NM_GRANTOR USERNM
USER_NM_RT AU12 USER_SITE MAX_STOR_QUERY_ACT
AUOS RT_AUTH ARCH_ALT MAX_STOR_TOTAL_ACT
DEL_ALL MAX_STOR_TOTAL_ANT
PK_OPD_ALL MAX_STOR_QUERY_ANT
RL_EXPR_DEL A3 KEY KEY TYPE
RL_EXPR_INS RT_WM
RL_EXPR_PK_UPD USER_NM
RL_EXPR_RET RT_AUTH PK_HWTDDEM
RL_EXPR_SNAPSHOT USER_NM_RT
SNAPSHOT_ALL RT_NH
RL_EXPR_CHECKOUT AL RT_AUTH CHECKOUT ALL
RL_EXPR_ARCH USER_NM_RT
RET_ALL™ RT_MH
INSTALL R_TABLE RT_NM
CHETKOUT_ALL USER_NM
AUDS  RT_AUTH RET_ALL RT_TYPE
SHAPSHOT ALL AUIS USER_SITE GRANT ALL
| AUOT COL_AUTH /L_ExPR_UPD INO_DEA_USER
UPD_ALL BMO1 COLUMN RT_WM SUPER
AUCS COLUMN COL_NM - USER KM SUPER
RT_WM R_TABLE RT_NN SuUB
DOM_WM USER_NM SuB
USER_NM BMO2 R_TABLE RL_EXPR
COL_AUTH coL_NM BMO3 KEY KEY_TYPE
USER_KM_RT USER_NM
DEFATLT VAL RT_NR
RT_WM R_TABLE RY_TYPE
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COL CA (continued)
CA_NM RT_KM COL_NM GROUP_ID CA_NM RT_NM COL_NM GROUP_ID
BMD4  KEY KEY_TYPE BM18 DOM_RANGE HIVAL
RT_WM : LOVAL
UsER_wM CAOT COLUMN CA_NM_C
BMO5 KEY KEY_TYPE USER_NM
KEY_REF KEY_NM CA_MN_M
RT_RM_FK COL_CA CA_NM
UsER_WM_FK USER_NM_Ca
BMOS KEY RT NN COND_ACT CA_NH
USER_NM USER_NM
KEY_REF RT_NM_PX coNpTTION
USER_NM_PK DOMAIN CA_NM
BMO7 XEY KEY_NM sue USER NM_CA
RT_NM sU8 KEY CA_NK
USER_NM suB USER_NM
KEY_COLUMN KEY _HM SUPER RT_CA CA_NH
RT_NM SUPER USER_NM_CA
USER_NM SUPER CADZ COLUMN CA_NH C
BMOS KEY KEY_NM USER_NM
RT_NM CA_NM_M
USER_NM COL_CA CA_NM
XEY_TYPE USER_NM_CA
KEY_COLUMN COL_NM COND_ACT CA_ NN
RT_RM USER_NM
KEY_COL_SEQ# DOMAIN CA_NK
USER_WM USER_NM_CA
KEY_NM KEY CA_NN
XEY_REF XEY_NM USER_WM
RT_NM_FK RT_CA CA_
RT_NM_PK USER_NM_CA
USER_NM_FK CAOS  COLUMN CA_NN_C
USER_NM_PK CA_NN
BMO? KEY KEY_TYPE usEr_iu
KEY_COLUMN COL-WM CoL_CA CA_NH
USER_NM USER_NM_CA
RT_NH COND_ACT CA_NH
KEY WM USER_NM
BM10 R_TABLE RL_EXPR DOMAIN CA_NH
RT_TYPE USER_NM_CA
BM11 COLUMM A_FaRK ALt KEY ca Wl
USER_NH USER_NM
RT_NW RT_CA CA_NH
COL_SEQ# ] USER_NM_CA
1_MARK_ALL | | ca04 coLumm CA_NN_C
BM12  KEY_COLUMN KEY COL_SEO# _ CA_NM_ M
USER_NM USER_FM
KEY_NM COL_CA €A_NM
RT_WM USER_NM_CA
BM13  COLUMN COL_NM COND_ACT CA_NH
RT_NM USER_NM
USER_NM DOMAIN CA_NN
KEY XEY TYPE USER_NM_CA
RT_iM KEY CA_NW
USER_RM USER_NM
XEY_COLUMN COL_NM RT_CA CA_NN
RT_RM USER_NM_CA
USER %M CAOS COLUMN CA_NM_C
KEY_HM USER_NM
BM14 COLUMN COL_NM CA_NM_M
RT_NM COL_CA CA_NM
USER_NM USER_NM_CA
KEY KEY_TYPE COND_ACT CA_NN
RT_NM USER_NM
USER_Mu DOMAIN CA_NN
KEY_COLUMN CoL_NM USER_NM_CA
RT_fM KEY CA_NH
USER_NM USER WM
KEY M RT_CA CA_NR
BM15  DOM_RANGE HIVAL USER_NM_CA
LOVAL CADS  coLuwn CA_NM_C
BM16 DOM_RANGE DOM_KM USER_WM
DR_SE0¥ CA_NA M
BM17 DOM_RANGE DOH_NM COL_CA CA NN
LOVAL USER_NM_CA
DR_SEGH COND_ACT CA_NN
HIVAL UsEr_nm

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

ooooooooooooooooooooooooooooooooooooooooooooo




Appendix A Contentas of the Catalog R-tables

COL_CA (continued)

CA_NM RT_WM COL_WM GROUP_ID CA_NM RT_NM COL_NM GROUP_ID
DOMAIN CA_NM CA18 COND_ACT ~  CONDITION
USER_NM_CA CONSTR_TYPE
KEY CA_NW CA1® COL_CA CA_NM
USER_NM USER_NM_CA
RT_CA CA_N GROUP_I
USER_WM_CA COND_ACT CA_NW
CAO7 COLUMN A_MARK_ALL USER_NM
I MARK_ALL coNsTR_TYPE
cA_wi_H CA20 COLUMN CA_NM T
CADS COLUMN CA_NN C CA_NM_M
UsER_BM USER_NM
COMD_ACT CA_SH coL_CA CA_NH
USER_NM USER_NM_CA
TTIME GROUP_ID
DOMATN CA_NM COND_ACT CA_NM
USER_NM_CA USER_KM
CAOS  COLUMN CA_WH_C CONSTR_TYPE
USER_NM DOMAIN CA_NM
RY_NN USER_NM_CA
CA_NM_M KEY CA_NN
COL_CA CA_NM USER_NM
USER_NM_CA RT_CA DEL
USER_NM_RT INS
RT_NM USER_NM_CA
col_NM RET
CORD_ACT CA_NK RT_WM
usER_NM CA21 COLUMN CA_WM_C
CONDTTION USER_NM
KEY | CA_NW_N
KEY_TYPE COL_CA CATNK
KEY_NN GROUP_ID
RT WM | USER_NM_CA
USER_NM : COND_ACT CA_NR
RT_CA CA_NM : USER_NM
USER_NM_CA CONSTR_TYPE
USER_NM_RT DOMAIN CA_N®
RT_NR USER_NM_CA
R_TABLE RT MM KEY CA_NN
USER_NM USER_NM
RT_TYPE RT_CA DEL
CA10  COND_ACT CA_DATE INS
CA_TIME RT_NM
INTERVAL USER_SM_CA
CA11  COND_ACT CA_DATE RET
CONDITION CA22 COLUMN CA_NM C
CONSTR_TYPE USER_NM
IND_STATIC CA_NH_M
CA12  COND_ACT CA_DATE COL_CA CA_NM
CA_TIME GROUP_ID
CA13  COND_ACT CONDITION USER_NM_CA
TTIME COND_ACT CA_NN
CAY4 KEY CA_NM CONSTR_TYPE
KEY_TYPE USER_NM
CA15  COLUMN CA_KM N DOMASN CA_NW
USER_NM USER_NM_CA
RT_NM KEY CA_NN
col_M USER_NM
KEY KEY_WM RT_CA DEL
RT_NM RET
USER_NNM NS
KEY_TYPE RT_NM
KEY_COLUMM COL_WM USER_NM_CA
RT_WM CA23 COL_CA CA_NN
KEV NM GROUP_ID
USEE_NM coL_NW
CAY6  KEY DEL_ACT USER_NM_RT
T RT_NH
KEY_TYPE USER_Nm_ca
CA17 COND_ACT CA M COND_ACT CA_NW
USER_NM CONSTR_TYPE
TTIME USER
KEY | CA_NM KEY KEY_WM
USER_NM RT_NM
KEY_TYPE KEY_TYPE
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GOL_CA (continued)
CA_NN RT_NM COL_NM GROUP_ID CA_NM RT_NM COL_NM GROUP_ID
USER_NM COLUMN_STRUCT COL_NM_SUB
KEY_COLUMN coL_NM USER_NW
RT_NM Cs_sEo¥
USER_NM RT_NM
KEY_NM COL_NK_sup
CA24  COLULMM COL_WM DOMATN_STRUCT  DOM_NM_SUB
USER_NM M
DOM_FM ps_SEQH
RT_NM CMOS  COLUMN A_MARK_ALL
COL_CA col_wM _NW
RT_WM USER_NM
USER_NM_RT RT_NN
GROUP_ID 1_MARK_ALL
USER_MM_CA COLUMN_STRUCT  CODL_NM_SUB
COND_ACT CA_Nd COL_MK_SUP
CONSTR_TYPE USER_NH
USER RT_WH
CA25 COL_CA CA_NN CMO7 DOMAIN CONP_ALL
USER_NM_CA DOM_RM
GROUF_ID DOMAIN_STRUCT DOM_NM_SUS
COND_ACT CA_NM DOM_N_5UP
USER_NM CMOB  DOMAIN 80_TYPE_NM
CONSTR_TYPE LENGTH
CA26 COL_CA CA_WM SCALE
USER_NM_CA DOM_NM
GROUF_1 : DOMATN_STRUCT  DOM_NM_SUP
COND_ACT CA_NW CMO? COLUMN COL_NM
CONSTR_TYPE USER NN
R_N RT_|
RT_CA CA_NN COLUMM_STRUCT COL_NM_SUP
RET USeR_NH
USER_NM_CA RT_NN
INS XEY_COLUMN COL_NM
| DEL RT
| ca2? coi_ca CA_NM USER_NW
COL_WM DDO1 RY_SITE RT_NN SUPER
GROUP_ID USER_NM SUPER
USER_NM_CA R_TABLE RT_NK sue
RY_NH SER_NM sus
UsSER_NM_RT DD02 COL_SITE R SUPER
COND_ACT CA_NN SITE_NM SUPER
USER_NM USER_NM SUPER
CONSTR_TYPE RT_SITE RT_NH SUB
KEY KEY_NM R_NM suB
RT_WM SITE_NM SUB
XEY TYPE pp03  RT_SITE IND_REPLICA
USER_ WM RL_EXPR_LG
KEY_COLUMN coL_im RL_EXPR_GL
USER_MM USER_NNM
RT_WH RT_NH
KEY_NM R_TABLE RT_WM
KEY_REF KEY_NM RT TYPE
RT_WM_FK R_|
RT_WM_PK D004 SITE IND_CATALOG_SITE
R_WM_FK DDOS  USER USER | sus
USER_NM_PK USER_SITE USER_NM SUPER
CA28 DOMAIN CA_NN bDO& SITE SITE_NM SUB
USER_NM_CA USER_SITE SITE_NM SUPER
CMOT COLUMN_STRUCT coL_WM_3ue 0007 SITE SITE_NM
RT_WM USER IND_GDBA
COL_NM_SUP USER_GRP_NM
USER_NH USER_NM
CMOZ2 DOMAIN_STRUCT DOM_WM_SuB USER_SITE SITE WM
DOM_NK_SUP USER_NM
CMO3 COLUMN_STRUCT COL_NN_SUP pb08 SINGULAR USER_NM_CATALOG
RT_NM USER IND_GDBA
CS_SEQW USER_NNM
USER_NM DDO USER IND_BDBA
CMO4 DOMAIN_STRUCT DOM_NM_Sup USER_NM
05 _SE USER_SITE IND_DBA_USER
CMOS  COLUMM COC_NM UseR_m
RT_NM DD10  FUNCTION FUNC_NM
uSER_NM USER_NM
DOM_NM FUNC_SITE FUNC_NM
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COL_CA (continued)
CA_NM RT_NM COL_NM GROUP_ID CA_NM RT_NM COL_NM GROUP_ID
USER_NM ST03 COL_SITE DCOLCOUNT
R_TABLE RT_NN USER_NM
RT_TYPE RT_NR
USER_NM SITE WM
IXO7 KEY INDEX_NM RT_SITE ROWCOUNT
KEY_TYPE SITE_NM
IXOB KEY INDEX_NM USER_NM
RT_WM RT_NM
USER_NM VW01 COLUMN RT_NM
KEY_HMH UPD_ALL
KEY_COLLMN COL_NM USER_NM
RT_WM R_TABLE DEL_ALL
usER_wm RT_RM
KEY_NM RT_TYPE
KEY_COL_SEGQ# USER_NM
LG01 ALDIT_toG RT_NM INS_ALL
USER_NM_RT VW02  COLUMN COI_NM_BASE
R_TABLE RT_NH RT_WM_BASE
T_TYPE USER_NM_BASE
USER_NM VW03 COLUMN RT_WH
LGO2 AUDIT_L0G ADIT_SEQ# suB USER_NM
LOG_PK_COLUMN AUDIT_SEGH SUPER RT_NN_BASE
L&o3 awTT_Tos RT_NM R_TABLE RT_ WM
USER_NM_RT USER_NM
LOG_PK_COLUMN RT_NW . RY_TTPE
| USER_MM | w04 coLumMN DON_NM
| Lebé AUDIT_INTERVAL DATE_LOG_OFF ; USER_NM
USER_WM_LOG_OFF RT_NH
TIME_LOG_OFF R_TABLE RI_WM
NROT RT_SYN RT_NM RT_TYPE
USER_NM_SYN USER_NM
USER_NM_RT W05 COLUMR BO_TYPE_MM
RY_NH_STN . LENGTH
NRO2 COLUMN_STRUCT €OL_NN_SUP SCALE
RL_KEYHORD RL_KEYW DOM_NN
KRO3 DOMAIN DOK_WM DOMAIN BO_TYPE_NM
FUNCTION FUNE_NM SCALE
RT_SYN RY_NN_ LENGTH
R_TABLE RY_NM DOM_WM
NRO4 BASIC_DATATYPE BD_TYPE_NM
COLUMN LN
USER NN
DOMAIN boM_HN
RT_SYN RT_NM_SYN
USER_M_SYN
R_TABLE RT
USER_NM
NROS BASIC_DATATYPE BD_TYPE_WM
I&D_LENETH
COLLMN BD TYPE_MM
LERGTH
DOMAIN BD_YYPE_NM
LENGTH
NROS BASIC_DATATYPE BD_TYPE_NM
lliow‘scétin
COLUMN TYPE_|
gﬁ'spe ]
DOMAIN TYPE_|
SCALE
STO1 RT_SITE IND_REPLICA
RL_EXPR LG
NT
$T0Z2 COL_SITE DCOLCOURT
RT_NN
USER_ M
SITE_NM
RT_SITE !
USER_NM
SITE_NM
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Appendix B User-defined Constraints in the Catalog Model

This appendix contains BSQL-queries (wherever possible) for all wuser-
defined constraints that were discussed in the manifesto. Although one may
criticize the SQL-language on many grounds, formulating the constraints in
8QL instead of Relational Algebra or Relational Calculus has been
preferred, because SQL is easily interpreted by many people. Moreover,
using SQL has facilitated the implementation and <wvalidatiom of the
constraints. The queries have been implemented and tested using an ORACLE™
RDBMS. Because the R-table names COLUMN and USER are ORACLE keywords, other
names have been used. However, in the following SQL-statements the originmal
names have been reused, in order to retain a match with the manifesto. In
addition, two ORACLE-specific features have been used, namely the system-
defined dummy table DUAL that contains one tuple and a system-defined
variable containing the current date.

Perhaps more interesting is the observation that only an RM/V2.version of
the SQL-language is able to express many of the user-defined constraints.
To be specific, current SQL does not distinguish between A-marks and I-
marks and is unable to perform domain checks, let alone domain check
overrides, Wherever these problems are encountered, an appropriate comment
is added to the SQL statement.

Because SQL does not explicitly support the universal quantifier (FOR
ALL), the constraints have not been coded as assertions, but as their
opposites, Thus, if a statement returns ne tuples, the constraint it
expresses is not violated, If the constraint is violated, an error message
is returned.

In many cases the scope of a constraint is quite arbitrary. This means
that many constraints can be split up or combined with other constraints.
Although implementation of an RM/V2 catalog may call for an elementary
approach, we have preferred to choose constraint scopes that limit the
total number of constraints and provide relatively easy interpretation of
the equivalent formulations in english.

The performance of the SQL statements in the ORACLE RDEMS enviromment is
sometimes quite poor. Again, reader performance (readability) has been
preferred over system performance. Besides, such low performance is an
omission of ORACLE's optimizer, not of the programmer,

This appendix describes only the user-defined constraints with respect to
the catalog model. Constraints of types E, R, C, D, and mark-constraints
are not listed here. Their generalized mature would lead to a large number
of very similar statements. Moreover, these constraints, together with a
number of alternmate key constraints are to be found in appendix A.
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2, THE BASIC MODEL

B8N0t~

Every tuple in R_TABLE is referenced by at least one COLUMN-tuple.
SELECT DISTINCT TBMO1: R_TABLE-TUPLE NOT REFERENCED BY COLUMN- TUPLE® FROM R _TABLE
WHERE (USER_NM, RT NM) NOT IN

¢select USER_NM, RT_NM FROM COLUMN)

No vied definition (RL_DIPR) is directly or indirectly recirsive.
This constraint cannot be expressed in RL.

Every tuple inlt‘l'ﬂl.E for which RT_TYPE = *SASE' or *CNECKOUT' {see section &) is referenced by
8 KEY-tuple having KEY_TYPE = ‘PRIMARY".
SELECT OISTINCT 'BMO3: BASE TABLE OR CJIECKwT DOES NOT MAVE A PRIMARY KEY'
FROM R_TABLE
WHERE RT_TYPE IN ('BASE®, 'CHECKU.'IT')
AND (USER_NM, RT_NM) HOT
(SELECT USER _NM, RT_] )II FROM KEY WHERE KEY_TYPE = 'PRIMARY')

The subget of KEY-tuples for which KEY_TYPE = 'PRINARY' does not contain duplicate values for

USER_NM and RT_MM.
?SI&EF;E?STINCT *EMO4: R_TABLE HAS MORE THANM :ONE PRIMARY KEY!

WHERE KEY_YYPE = 'PRIMARY'
GROUP BY TISER_NM, RT_NM
HAVING COUNT(F) > 1

Every tuple in KEY having KEY_TYPE = ‘FOREIGN' is referenced by at least one KEY_REF-tuple,
while other tuples in KEY are not referenced by KEY REF-tuples.
gﬁgczeelsﬂllm 'BM05: FOREIGN KEY HAS MO REFERENCES OR NON FOREIGN KEY HAS®
WHERE

{ KEY_TYPE = 'FOREIGN®

AND (USER NM, RT _NM, KEY_NM) NOT IN

, (§ELECT USER HM 'FI(. RT_NM_FK, KEY_NM FROM KEY_REF)

DR

{ KEY _TYPE <> 'FOREIGN?

AND (USER_NM, RT WM, KEY_NM) IN

, (SELECT USER_NM_FK, RT_NM_FK, KEY_NM FROM KEY_REF)

tlple;:%mnfm.nplelnntmﬂntlsrﬁmw-tmleinmhmm
SELECT DISTINCT 'BMOS: REFERENCED R_TABLE DOES NOT HAVE A PRIMARY KEY'
FROM KEY REF
WHERE (USER_NM_PK, RT_NM_PK) NOT IN
(SELEC‘I’ USEI! lll R'I' NM
FROM KEY
WHERE KEY_TYPE = 'PRIMARY!
)

Every tuple in KEY is referenced by at least one XEY COLLUMN-tuple.
SE‘I:.'E'CLE?ISTINC‘T YBMO7: KEY-TUPLE IS NOT REFERENCED BY KEY_COLUMN- TUPLE'
FR
WHERE C(USER_ WM, RT MM, KEY _NM) NOT IM

(SELECT USER_NM, RT_NM, KEY_NM FROM KEY_COLUMN)
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m-ﬂplu with XEY_TYPE = ‘PRIMARY', that are referenced via KEY REF by a KEY-tuple with
KEY_TYPE = *‘FOREIGN', are ruferu\udbyuirtof KEY_COLUMN-tuples with corresponding values for

KEY_COL_SEQd referenc COLUMN-tuples with the same value for DO NN
';’E‘L:ECT FISTIHEE YBMOB: UWTCI!ED PRIMARY KEY FOREIGN XEY COMEINATIONS EXIS‘I"
KEY_REF KR,
KEY PK
WHERE FK.KEY _TYPE = 'FOREIGH' J* foreign key identification */
AND FK,USER_NM = KR.USER_NM_FX /* join f reign key with key reference %/
ARD FK.RT WM = KR.RT_| llﬁ FK
AND FK. NM = KR.KEY_NW
AND KR, USEE_NM_PK = PK.USEf M J* join key reference with primary key */
ARD KR.RT Nd_Pi = PK.RT_NM
ARD I(’l(. ' IYPE = PRIMARY’ /* primary key identification */
AND
EXISTS
(SELECT *

FROM KEY COLUMN FKC,
COLDMN FCOL

WHERE FKC.USER_NM = FK.USER_NM
AND FKC.RT NH = FK.RT NH
AND FKC.KEY_NM = FK.KEY_NM
AND FXC,USER_NM = FCOL.USER_NM
AND FKC.RT_NM = FCOL.RT_NM
AND FKC.COL NM = FCOL.COL_NM
AND NOT EXIZTS

¢SELECT *

FROM KEY COLUMN PXC
cotim  peol

WHERE PKC.USER_NN = PK.USER ‘NM
AND PKC.RT_NM = PK.RT N
AND PKC.KEY_NM = PK.KEY_WM
AND PKC.USER WM = PCOL.USER_NM
AND PKC.RT_NH = PCOL.RT_NN
AND PKC.COL MM = PCOL.COL_NM
AND PKC.KEY COL_SEQ#¥ = FKC.KEY Ecn. SEQ#
o AND FCOL.DON_NN = PCOL.DOM_KMY)
EXISTS
(SELECT *
FROM KEY_COLUMN PKC,
coLDm PeOL
WHERE PKC.USER_NM = PK.USER WM
AND PKC.RT = PK.RT_NH
AND PKC.KEY WM = PK.KEY NM
AND PKC.USER MM = PCOL.USER WM
AND PKC.RT WM = PCOL.RT_NH
AND PKC.COT NM = PCOL,COL_NM
AND NOT ExIETS
(SELECT *
FROM KEY_COLUMN FKC,
COLUMN FCOL
WHERE FKC.USER_NM = FKJUSER NM
AND FXC.RT NR = FK.RT NN
AND FKC.KEY NM = FK.KEY &M
AND FKC.USER_NM = FCOL.USER_NM
AND FKC.RT_NM = FCOL.RT_NM
AND FXC.COL_NM = FCOL.COL WM
AND PKC.KEY_COL_SEG¥ = FKC.KEY_COL_SEC#
AND FCOL .DOM_NM~ = PCOL..DON_NM})
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BM09-  No two KEY-tuples, for which KEY TYPE = ‘PRIMARY', ‘FOREIGN® or *ALTERNATE®, can be referenced
by identical sets of XEY u‘.l.lnFtl.pl except for key combinetions in which the values of
KEY_TYPE are either ‘PRINARY' and FCI!EIG!' or "ALTERMATE® and *FOREIGN®.

SELECT DISTINCT 'BH09 R-TABLE HAS TWO IDENTICAL KEYS (FK-FK, AK- hl(, PK-AK)'
FROM XEY K1, KEY K2
WHERE K1. USER NM = K2.USER_NM

AND K1.RT MM = K2.RT NN

AND K1.KEY_MM <> KZ2.KEV_NM

AND (
K1.KEY_TYPE = K2.KEY_TYPE

oR (
K1.KEY_TYPE = 'PRIMARY'
)MID K2.KEY_TYPE = "ALTERNATE'

)
AWD NOT EXISTS
¢SELECT * FROM KEY_COLUMN KC1
WHERE KC1.USER NM = K1.USER NM
AND KC1.RT NH = K1.RT_NM
AND KC1.KEY WM = K1.x57 NM
AND NOT EXISTS
(SELECT * FROM KEY_COLUMN XC2
WHERE KC2.USER_WM = K2.USER_NM
ARD KC2.RT_NK = K2.RT_NM
AND KC2.KEY_NM = K2.KEV_NM
AND KC2.COLTNM = KC1.COL_NM
)

)
AND NOT EXISTS
(SELECT * FROM KEY_COLUMN KC2
WHERE KC2.USER_NM = K2.USER_NM
AND XC2.RT_NM = X2.RY_NA
AND KC2.XEY NM = K2.KEY_NM
AND NOT EXISTS
(SELECT * FROM KEY_COLUMN KCA

WHERE KC1.USER WM = K1.USER_NM
AND KC1.RT NM = K1.RT_NH
AND KC1.KEY W = K1.KEY W
AND KC1.COL_WM = KC2.COL_NM

)

BN10-  The column RL EXPR in R _TABLE contains an 1-merk if and only if RY_TYPE = *BASE'.
SELECT DISTINET *BM10: WL-EXPRESSION IS MISSING OR NOT ALLOWED'

FROM R_TAELE
WHERE €
RT_TYPE = 'BASE®
AND RLZEXPR IS NOT MULL
)
OR

( RT_TYPE <> "BASE!
)MD RL_EXPR 1S NULL

BN11-  The values of COL_SEQE in the set of -tuples with the same value for USER_MM and RT_WM are
rmmbered consecutively up from 1 to the number of tuples in the set.

FROM COLUMN COL1
WHERE COL1.00L_SEQ¥ > 1
AND NOT EXISTS
(SELECT * FROM COLUMN COL2
WHERE COL1.USER_NM
AND COIJ RT_NH
AND COL1.COC_SEQ# = OOLZCO]:SEQ#*1

"
E
e
8
3

3
BM12- Yhe values of KEY_COL_SEQF in the set of KEY_COLUMM-tuples with the same value for USER_MN,
RT_M and KEY_ WM remd:eredmtivelv Trom 1 to the mmber of tuples in the set.
SECECT DISTIN E 'm‘ﬁz. _COLUMN-TUPLES nusr BE NUMBERED CONSECUTIVELY!

AND NOT EXIBIS —
(SELECT * FROM KEY_COLUMN KGC2
WHERE KC3.USER_NM— = KC2,USER_NM
AND KC1.RT_NM = XC2.RT_NM
AND KC1.KEY_NM = KC2.KEY_WNM

N AND KC1.KEY_COL_SEQ# = KC2.KEY_COL_SEQ# + 1



BM13-

BM14-

BR15-

BM1S6-

BRY7-
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No tuple in COLUMM that is ummw.tugtein-mmmt references a tupte In KEY
having KEY_TYPE = ‘PRINARY® has a ‘YES? value either X MARK ALL or I_MARK ALL.
gggcrmg&s;mu YBM13: MARKS NOT ALLOWED FOR PRIMARY KEY COLUMNS'

WHERE ¢
A_MARK_ALL='YES*
OR 1 MARK_ALL='YES*

»
AND (USER_NM, RT MM, COL_WM) IN

CSETECT USER_NM, RT_NM, COL_NW

FROM KEY_COLLMN

WHERE CUSER_WM, RT_NM, KEY _NM) IN
(SELECT USER_NM, RT_NM, KEY_NM
FROM KEY
UHERE KEY_TYPE = 1PRIMARY "

)

Mo tuple in COLUMM that is referenced by a le in XEY COLUMN that references a tuple in KEY
having KEY_TYPE = <FOREIGN* has & ‘YES' value for I_MARK_ALL.
SELECT DISTINCT "BMi4: 1-MARKS NOT ALLOWED FOR FORETGN KEY COLUMNS'
FROM COLUMN
WHERE 1_MARK_ALL=1YES*
AND (DSER_NM, RT_NM, COL_NM) IN
¢SETECT USER_NM, RT_NM, COL_WM
FROM KEY_COTUMN

WHERE (USER_NM, RT NM, KEY NM} IN
(SELECT USER_NM, RY_NM, KEY_NM
FROM KEY
}unsns KEY_TYPE = *FOREIGN'

)

Every value of LOVAL is less than or equal to the value of HIVAL in the same DON_RANGE-tuple.
SELECT DISTINCT 'BM15: LOWER BOUND OF DDMAIN RANGE EXCEEDS HIGHER BOUND'

FROM DOM_RANGE

WHERE LOVAL > RIVAL

The volues of DR_SEQE in the set of DOM RANGE-tuples with the same value for DOM_MN are numbered
congsecutively up from 1 to the mmber of tuples in the set.
SELECT DISTINCT *GM16: DOMAIN RANGE SEQUENCE MUST BE NUMBERED CONSECUTIVELY*
FROM DOM_RANGE DR1
WHERE DRT.DR_SEG# > 1
AND NOT EXTSTS
(SELECT * FROM DOM_RANGE DR2
WHERE DR1.DOM_NM = DR2.DOM_NM
AND DR1.DR_SEGH = DR2.DR_SEQ# + 1
)

Tuples in DOM _RANGE with the same value for DOM_WK do not have overlapping renges.
SELECT DISTINCT *BMi7: DOMAIN RANGES MAY NOT OVERLAP'
FROM DOM_RANGE DR1, /* lower range %/
DOM_RANGE DR2  /* higher range */
WHERE DRY.DOM_KM = DRZ.DOM_NM
AND DR1.DR_SEG# = DR2.DR_SEO# - 1
AND DR1.HIVAL > DR2.LOVAL

Every value of LOVAL or HIVAL belongs to the basic data type of the DOMALN-tuple referenced by
the DOM_RANGE-tuple.
This constraint cannot be expressed in RL.

3. COMPOSITE COLUMNS AND COMPOSITE DOMAINS

For ever velue of USER_ WM, the set of tuples in COL_WM SUP, projected over USER MM, RT_NM and
coL_ MM _SuP, is disjunct from the set of tuples projected over USER NN, RT_NM and COUL_MM_SUB.
SELECT DISTINCT 'CMO1: MULTI-LEVEL COLUMN HIERARCHY NOT ALLOWED!
FROM COLUMN_STRUCT
WHERE C(USER_NM, RT NM, COL_NM_SUP) IN

(SELECT USER_NM, RT_NH, COL_NM_sug

FROM COLUMN_STRUCT

)

The set of tuples in DON NN _SUP, projected over DOM MM SUP, is disjunct from the set of tuples
projected over DOM_NN_SUB.
SELECT DISTINCT 'CMO2: MULTI-LEVEL DOMAIN HIERARCHY NOT ALLOWED'
FROM DOMAIN_STRUCT
WHERE DOM_NF_SUP IN
(SELECT DOM_NM_SUB
)FRG! DOMAIN_STRUCT
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NG3-  The values of CS_SEQF in the set of COLUMN_STRUCT-tuples with the same value for COL_NM SUP are
numbered consecutively up from 1 to the muber of tuples in the set.
SELECT DISTINCT *‘CMO3: COLUMN STRUCTURE SEQUENCE MUST BE NUMBERED CONSECUTIVELY®
FROM COLUMN_STRUCT €St
WHERE €S51.C5_SEQ# > 1
AND NOT EXTSTS
CSELECT * FROM COLUMN_STRUCT CS2

WHERE CST.USER_NM = CSZ.USER_NM
AND CS1.RT_WM = CS2.RT_NK
AND CS1.COL_NK_SUP = CS2.COT_NM_SUP
AND cS1.cs SEo¥ = CS2.CS_SeoF + 1

)

EN04-  The values of DS SEQF in the set of
u-:eredm-ivelyl.pfra-1 to the mmber of tupl
SELECT DISTINCT 'CMO4: DOMAIN ST !
FROM DOMAIN_STRUCT DS1
WHERE DS1.D3_SEQ# > 1
AND NOT EXTSTS
(SELECT * FROM DOMAIN_STRUCT DS2
WHERE DS1.DOM_NM_SUP = DS2.DOM _NM_SUP
AND DS1.0S_SEGF = DS2.0S_3EOF + 1
}

gﬂ
2
]
-
3
Re
5
7
8
g
#
g
7
2

05~ For every composite COLUMN-tuple there exist corresponding peirs of COLUMN STRUCT and
DOMATM_STRUCT-tuple for shich: =
- CS_SEQF and D5 _SEQF are equal;
_Sll’ in DOM_STRUCT equals DOM MM in the COLUMN-tuple designated by
_Sup;
anmnmsmmmlsnmn in the cOLUMN-tuple referenced by the
CoLTMN STRUCT- tuple.

SELECT DISTINCT *CMGS: TOMPOSITE COLUMN HAS NO MATCHING COMPOSITE DOMAIN!
FROM COLUMN CSUP
WHERE EXISTS

(SELECT * /* column_struct without matching domasin_struct */

FROM COLUMN_STRUCT CS,

COLUMN
WHERE CS.USER_NM

sﬁ

%

AND CS.RT_NK = CSUP.RT_NM
AND CS.COL_NM_SUP = CSUP.COL_NM
AND CS.USER NN = CSUB.USER_WM
AND CS.RT_NH = CSUB.RT_NH
AND €$.COL_NM_SUB = CSUB.LOL_NM
AND NOT EXISTS
¢SELECT * FROM DOMAIN_STRUCT DS
WHERE DS.DOM_NM_SUP = CSUP.DOM_KM
AND DS.DOM_NM_SUB = CSUB.DOM_NM
AND DS.DS_SEQ? = CS.CS_SEG#
)
)
OR EXISTS
(SELECT * /* domain_struct without matching column_struct */

FROM DOMAIN_STRUCT DS
WHERE CSUP.DOM_NM = DS.DOM_NM_SUP
AND NOT EXISTS
(SELECT *
FROM COLLMN CSuB,
COLUMN_STRUCT €S

WHERE CS.USER NM = CSUB.USER NM
AND CS.RT NR = CSUB.RT_NH
AND €5.COL NM SUB = CSUB.COL NM
AND CS.USER_NR = CSUP.USER MM
AND CS.RT N = CSUP.RT_NM
AND CS.COT_NM_SUP = CSUP.COL_NM
AND CSUB,DOM_WM = DS.DOM_NM_SUB
AND £S.CS_StO# = Ds.DS_SEq¥
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If coluwe constituting a composite coluwn have different vatues for A_MARK ALL or J_MARK ALL,
these colume are assigned I MARKs for the composite column tuple, swhile the values are
irherited by the composite colum tuple if the elementary columns have similar values for
A MARK ALL or I_MARK ALL. Elementary columns cannot accept marks for A_MARK_ALL and I_MARK_ALL.
gﬁgc& Eml:grup-cmz: INCONSISTENCY BETWEEN MARKS FOR ELEMENTARY AND COMPOSITE COLUMNS'

WHERE
A_MARK_ALL IS NULL /% i-mark ¥/
AD 2 >
(SELECT COUNT(DISTEINCT CSUB.A_MARK_ALL)
FROM COLUMN CsuB
COLUMN_STRUCT CS
WHERE CS.USER NM = CSUB.USER_NM
AND CS.RT_NH = .RT_NH
AND CS.COL NM_SUB = C5uB.col WM
AND CS.USER WH = CSUP.USER KM
AND CS.RT_WN = CSUP.RT_NK
, AND CS.COL_NM_SUp = CSUP.COL_WM
)
OR
T1_MARK_ALL 1S NULL  /* i-mark */
AND 2 »
(SELECT -COUNT(DISTINCT CSUB.I_MARK_ALL)
FROM COLUMN Csus
COLUMN_STRUCT C§
WHERE CS.USER_NM = CSUB.USER_NM
AND CS.RY WM = CSUB.RT_NW
AND CS.COL _NM_SUB = CSUB.COL_MM
AND CS.USER NM = CSUP.USER M
AND CS.RT_NM = CSUP.RT_NH
, AND CS.COL_NM_SUP = CSUP.COL_NM
)
OR
A_MARK_ALL IS MOT WULL /* not i-marked */
AND EXISTS
(SELECT *
FROM COLUMN csua,
COLUMN_STRUCT €S
WHERE CS.USER_NM = CSUB.USER_NM
AND CS.RT_&N = CSUB.RT_WH
AND C5.COL MM _SUB = CsUB.COL WM
AMD CS.USER_MN = CSUP.USER_NM
AND CS.RT _NM = CSUP.RT_NM
AND CS.COL_NM_SUP = CSUP.COL_|
, AND CSUB.A_MARK_ALL <> CSUP.RK_MARX_ALL
)
OoR
I_MARK_ALL 15 NOT NULL /* not i-marked */
AND EXISTS
(SELECT *
FROM COLUMN csuB,

COLUMN_STRUCT C$
WHERE CS.USER_NM = CSUB.USER_WNM
AND CS.RT_NM = CSUB.RT_NN
AND CS.COC_NM_SUB = CSUB.COL NM

AND CS.USER NH =

AND CS.RT_NK = CSUP

AND £5.Co[_NM_SUP = CSUP.COT WM
AND CSUB.T_MARK_ALL

" — —
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1f domsine constituting a compogite domein heve diffefent values for COWP_ALL, this column is

sasigned the veiue ‘NO' for the composite domein tuple, while the valueis frherited by the
ite domein if the elementary domaine do not have different values for COMP ALL.

SELECT DI?TIHCT p-cuo:r. INCONSESTENCY BETWEEN COMP_ALL FOR ELEMENTARY AND COMPOSITE DOMAINS!'

FROM DOMAIN DSU

WHERE (
COMP_ALL = 'YES*
AND EX15Ts
(SELECT *
FROM DOMAIN psuB,
DOMAIN_STRUCT DS
WHERE DS.DON_NM_SUB = DSUR.DOM_NN
AND DS.DOM_NM_SUP = DSUP,DOM_NM
AND DSUB.CONPTALL = 'NO'
)
)
OR

COMP_ALL = 'NO*
Mib EXISTS
(SELECT * FROM DOMAIN_STRUCT DS
WHERE DS,.DOM_NM_SUP = DSUP.DOM_NM

)
AND 1 =
{SELECT COUNT(DISTINCT DSUS.COMP_ALL)
FROM DOMATN DSUB
DOMAIN_STRUCT DS
WHERE DS.DOW_KM_SUB = DSURB.DOM_NM
AND DS.DOM_NM_SUP = DSUP DOM_NM
AND DSUB.COMP_ALL = 'YES!
)
)

DOMAIN-tuples must contain an A-mark for 8D TYPE MM and 1-merks for LENGTH and SCALE if and only
if they are referenced by DOMAIN STRUCT-tuples by meanc of the columsn DOM MM _SUP.
SELECT DISTINCT 'CMO8: ELEMENTARY DOMAIN HAS MO DATATYPE DATA OR COMPOSITE DOMAIN HAS®
FROM DOMAIN
WHERE
¢ BD _TYPE_NM IS MULL 1* a-marked */
AND DON_NM NOT IN
TCSELECT DOM_NM
)FRI:II DOMAIN_ sTaucr
)

OR
4 BO_TYPE_NM IS NOT NULL /* not a-marked */
AND Ddi I
T{SELECT DOM_NM_SUP
)FI!I:II DGMIII STRUCT

)
Or

( BD_TYPE_NM IS NULL F* s-marked %/
AND (LENGTH IS NOT MULL OR SCALE 1S NOT NULL) /* not i-marked v/
)

A XEY COUMM-tuple muat not reference a composite COLUMM-tuple.
SELECT DISTINCT 'CMO9: COMPOSITE COLUMN MUST KOT BE A COLUMN OONSTITUTING A KEY!
FROM COLUMN
WHERE (USER_NM, RT_NM, COL_SM) IN
(SELECT USER IIH RT _NM, COL_MM_SuP
FROM COLUMN_ STRUC

3
AND (USER_NM, RT_NM, COL_WM) IN
(SELECT USER_NM, RT_NM, COL_NM
FROW XEY_COTUMN
)

4, ARGHIVES, SHAPSHOTS AND RELATIONAL ASSIGNMENTS

ARO1-

ARO2-

The cambination of CR_DATE and CR_TIME in ARCHIVE does not exceed the current system date and
time.

SELECT DISTINCY *AROt: ARCHIVE CREATED AFTER SYSTEM DAYE' /* oracle-specific statement */

FROM ARCHIVE

WHERE TO_CHARCSYSDATE, ‘YYYYMMDDHH24MMSS') < TO_CHAR(CR_DATE, *YYYYMMDD') |} CR_TIME

Tbe combination of CR_DATE and CR_TIME in RY_SITE does mot exceed the current system date and
sELEcT DISTINCT 'AROZ2: R-TABLE CREATED AFTER SYSTEM DATE* /* oracle-specific statement */

FROM RT_SITE
WHERE TO_CHAR(SYSDATE, 'YYYYMMDDHH24MMSS') < TO_CHAR(CR_DATE, 'YYYYMMOD') || CR_TIME
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ARO3- Tuples in R_TABLE for which RT_TYPE < ‘'BASE', ‘VIEW' or *CEECKXOUT' are not referenced by KEY-

tuples for shich KEY TVYPE = 'FOREICN'.

gglc-sc; gg{éﬂﬂ 1AROS: NON BASE R-TABLE, NON-VIEW, NMON-CHECKOUT HAS FOREIGN KEY!'

WHERE RT_TYPE NOT IN ('BASE' '"WIEM', 'CHECKOUT'})

AND CUSER_NM, RT_NM) 1

(SELECT USER WM, RT NM
FROM KEY
)HI'IERE KEY_TYPE = 'FOREIGN'

5. VIEWS

Vi01-  An R_TABLE-tuple contains 1-marked values for INS ALL and DEL_ALL and a COLUMN-tuple contains I-
marked values for UPD_ALL if and only if RT_TYPE © *VIEW'.
SELECT DISTINCT 'WVWO1T VIEW HAS MRKS FOR INS i ALL, UPD_ALL OR DEL_ALL®
FROM R_TABLE
WHERE {  RT_TYPE = 'VIEW'
)AHD uis ALL IS NULL OR DEL_ALL IS NULL) /* i-marked */

OR
¢ RU_TYPE = '"WIEW'
AND (USER_NM, RT_NMY IN
(SELECT USER_NM, RT_NM
FROM COLUMN ™
)HI-IERE UPD_ALL IS NULL  /* i-marked */
)
OR
{  RT_TYPE <> 'VIEW'
AND (INS_ALL IS WOT WULL OR DEL_ALL 1S NOT NULLY /* not i-marked */

)
OR
¢ RI_TYPE < 'VIEW
AND CUSER_NM, RT_NM) IN
(SELECT USER_NM, RT_NM
FROM COLUMN
’uusas UPD_ALL IS NOT NULL  /* not i-marked ®/

3
VK2~  For every COLUMN-tuple, the columns USER_NM, RT_NM HASE and COL_WM_BASE are both I-merked or not

ggﬁc&f&jmm 'WW02: USER_WNM_BASE, RT_WM_BASE AND COL_MM_BASE ARE PARTLY A-MARKED'
WHERE ( USER_NM BASE 1S MULL /* a-marked */
AND CRT_WM_EASE IS NOT NULL OR COL_NM_BASE IS NOT NULL)

)
OR ( RT_NM_BASE IS NULL /* a-marked */
AND (USER_NM_BASE IS NOT NULL OR COL_KM_BASE IS NOT NULL)

)

OR ¢ COL MM _BASE IS NULL  /* a-marked ¥/
AND (USER [ T3 | BASE IS NOT MULL OR RY_NM _BASE IS NOT NULL)
¥

vili3- mmuplehrmldlthewlmﬂmmumtl-nrkod refermmltTlBLEttple
for which RT_TYPE contains the value ‘VIEWT,
SELECT DISTINCT *VW03: NON-VIEW COLUMN REFERENCES ANOTHER COLUMN®
FROM COLUMN
WHERE RY_NM_BASE [5 NOT NULL /* not a-marked */
AND (U§Ea NM, RT_NM) NOT IN
(SECECT USER NM, RT_NM
FROM R_ TABLE
WHERE R'l' TYPE = 'VIEW*
)}

V04~  COLUMN-tuples for which the column DOM NN is A-marked reference R_TABLE-tuples for which RT_TYPE
= VIEW', *‘SMAPSHOT' or *REL_ASGN®.
SELECT DISTINCT *VW04: DOM_NR CAN ONLY BE MARKED FOR VIEWS, SNAPSHOTS AND REL.ASSIGNMENTS!
FROM COLUMN
WHERE DOM_NM 1S NULL /* a-marked */
AND (USER_NM, RT_NM) NOT IN
(SELECT USER_NM, RT_NM
FROM R_TABLE
WHERE RT_TYPE IN ('VIEW®, 'SNAPSHOT®, °REL_ASGN®)
)
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COLUMN-tuples, for which the column DON MM is not merked, have values for BD_TYPE MM, LENGTH,
that are equal to the values of similerly nased colums in the referenced DGMATN-

SELECT DISTINCT "VWO5: DATATYPE DATA OF COLUMN AND DOMAIN DD NOT MATCH?
FROM COLUMN COL,
DWIH DI:H

arw] SCALE
tlpl...

)

6. INDEXES

%01~

IX04%-

IX05-

DOM.BD_TYPE_NM
DOM. LENGTH
DOM.SCALE

The projections of DB_INDEX and KEY on their columne W4 and INDEX_NW are disjunct.
SELECT DISTINCT TIXOT: CONVENTIONAL INDEX NAME CCIIIICIDES Hl‘ﬂl DOMAIN-BASED IKDEX NAME!

FROM KEY

WHERE (USER WM, INDEX WM) IN
(SELECT USER_JM, INDEX_WM
FROM DB_INDEX
}

Every IDEX-tuple is referenced by at least two DB INDEX COL-typles

SELECT DYSTINCT *IXO2: DOMAIN-BASED IMDEX MUST CONSIST OF AT LEAST 2 COLI.NIS'
FROM DB_INDEX DBI

WHERE 27>

(SELECT COUNT(*)

FROM DB_INDEX COL DBICOL

WHERE DEICOL.USER_NM_DBI = DB1.USER_NM

AND DBICOL. INDEJ( NN

. INDEX_NM

tuple in DB_IMDEX_COL references the same DOMAIN-tuple via COLIMM and DB_INDEX.
SELECT DISTINCT 'IX03: COLUMNS IN DOMAIN-BASED INDEX DO NOT BELONG TO THE DOMAIN OF THE INDEX®

FROM D8_INDEX 0B1
WHERE (UISER_NM, INDEX WM) IN
(SELECT USER FM_DBI, INDEX_NM

FROM DB, IHDEX COL DBICOL,
coluMN coL

WHERE DEJCOL.USER NM_RT
AND DBICOL.RT_ NN
AND DBICOL.COL NM

= COL.USER_NM
= COL.RT_WH

COL.COC_NM

AND DBICOL.USER_NM_DBI = DBI.USER_NM

AND DSICOL.INDEX_NR

INDEX_NM

AND DBI.DOM_NM <> COL.DOM_NR

)
The projection of the columns USER_WM_RT, RT_WM and COL_MM in DB_INDEX_COL for one given value

of THDEX

M iz not a subget of

- guch projection for snother value of INDEX_NM.

SELECT DTSTINCT 'IX04: DOMAIN-BASED INDEX IS REDUNDANT'

FROM DB_SMDEX DBI_1,
DB INDEX DBI 2

WHERE DHI_1.00M_NH = PBI_2.DOM_NM
“DBI_1USER MM ~<> DEI_2,USER_NM
OR DBI_1.INDEX_NM <> DBI_2

)

AND NOT EXISTS
(SELECY * FROM DB_INDEX_COL DBICOL_1 /* column of redundant index */
WHERE DBICOL_1.USER_NM_DBI = DBI_T.USER_NM

AND (

)

AND DBICOL 1.INDEX_NM
AND NOT EXTSTS

/* non-redundant index */f
J* redundant index *

2. INDEX_Nm

= peI_1

1. INDEX_NM

(SELECT * FROM DB_INDEX_COL DBICOL 2 /* column of non-redundant index */
WHERE DBICOL_2.USER_WM_DBI = DEI_Z.USER_NM
AND DBICOL_2.INDEX WM
AND DBICOL_2.USER_WM_RT = DBITOL_1.USER_NM_RT
AND DBICOL_2.RT_&H
AND DBICOL_2.COT_WM

)

= DBI 2. INDEX NM

= DBICOL_1.RT_NM
= DBICOL_1.COL_NM

DB_INDEX COL-tuples do not reference R _TABLE-tuples (via COLUMM) that have the value ‘VIEW' for

their cols

wmn RT

TYPE.
SELECT DISTINCT 'IXDS' COLUMN 1IN DOMAIN-BASED INDEX MUST NOT BE A VIEW-COLUMN*

FRCM DB _1

NDEX_COL

WHERE (USER_NW_RT, RT_NM) IN

(

)

SELECT USER_NM, RT_NM
FROM R_TABLE
WHERE RT_TYPE = 'VIEW'
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KEY-tuples f:{mdlidl the coluwn INDEX MM is not I-marked reference R TABLE-tuples for shich
RT_TYPE © * .
E‘FaE'I:.E'CTKEDISTIHCT YEX06z CONVENTIONAL INDEX CANNQT NOT BE DEFINED ON A VIEW*
WHERE INDEX_NM IS NOT MULL r* a~marked */
AND CUSER_NM, RT_NM) IN
(SELECT USER WM, RT_NM
FROM R_TABLE
WHERE RT_TYPE = 'VIEW'
)

KEY-tuples for which KEY TYPE = *JMDEX' do not have a I-mark for their column INDEX_MM.
SELECT DISTINCT 'IX07: INDEX KEYS MUST HAVE A NAME®
FROM KEY
WHERE KEY _TYPE = tINDEX'
AND INDEX_MM IS NULL  /* a-marked %/

For the subset of KEY-tuples for which INDEX MN fs not I-marked, _
USER_NM, RT MM, COL_MM and KEY COL_SEQF fn KEY COLUMN for one gi |
subcet of another such projection for another KEV-tuple.
SELECT DISTINCT *IX08: CNVEHTIML INDEX IS REDUMDANT'®
FROM KEY KEY_1, /* non-redundant index */
KEY KEY_, ~2'  7* redundant index

WHERE KEY_1.DSER_NM = KEY_2.USER_NM

AND KEY_1.RT_NH = KEY_2.RT_NM

AND KEY_1.INDEX_NM <> KEY_2.IuDEX_NM

AND MOTTEXISTS

(SELECT * FROM KEY_COLUMN KC_1 /* column of redundant index */
WHERE KC_1.USER_NW = KEY_1.USER_NM
AND KCT1.RT MM = KEY_1.RT
AND KCT1.KEY NM = KEY_1.KEV_NM
AND NOT EXISTS
(SELECT * FROM KEY_COLUMN KC 2 /* colum of non-redundant index */
WHERE KC_2.USER_| = KEY_2.USER_NM
AND KC_2.RT_NW = KEY_2.RT_NN
AND KC_2.KEY_NM = KEY 2.XKEY MM
AND KC_2.COL_NM » KC_T.00L_NM
AND KC_2.KEY_COL_SEQ# = KC_1.XEY_COL_SEG¥

7. CONSTRAINTS AND TRIGGERED ACTIONS

CAO1-

A COMD ACT-tuple can be referenced w-rglu n KEY, DOMAIN, COLUMM, RT CA or COL_CA if and
anly iF the column CONDITION is not 1-
SELECT DISYINCY 'CAO1: CONDITION IS WRONGLY I-MARKED OR NOT I-MARKED'
FROM COND_ACT
WHERE { COMDITION 18 NULL /* i-marked */
AND (USER MM, CA_NM) IN
(SELECT USER_NM,  CA_NK  FRON KEY

UNION
SELECT USER WM,  CANNM  FRON DOMAIN
SELECT USER_NM,  CA_NM_C FROM COLUMN
UNTON

SELECT USER M, CAMI_N FRON COLUMN
UN

SELECT USER_NM_CA, CA_NM  FROM RT_CA
UNION

)SELECT USER_KM_CA, CA_NM  FROM COL_CA
)
OR
{ CONDITION IS NOT NULL /* not i-marked */
AND (USER_NM, CA_NM) NOT IN
(SELECT USER _NM, CA_NK FROM KE
WHERE CA_NM IS NOT NULL /* a-mrkad *f

UNION
SELECT USER_MM, FROM DOMAIN
::EI&E‘ CA_WM IS NOT Il.l[L I* a~marked */

SELECT USER_NM, CA_NM _C FROM COLUMM
WHERE CA_NM_C is wor RULT /* a-merked */
UNION

SELECT USER_NM, CA_NM M FROM COLUMN
WHERE CA_KM_M is wor WLT /* a-marked */

UNION

lslslisum USER_NM_CA, CA_NM  FROM RT_CA
SELECT USER_NM_CA, CA_NM  FROM COL_CA
)
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lfacmlc'rtlﬂe is referenced by a XEY-tuple, then it mmt not be referenced by a tuple in
DOMATN, or COL_CA,
SELECT DISTIHCT 'CIO? BONDI'I'IOHAL ACTION 1S IMPROPERLY CLASSIFIED!'
FROM COND_ACT
WHERE (USER_NM, CA_NM) IH
¢SETECT USER WM, CA
FROM KEY

)
AND CUSER_NM, CA_NM) IN
‘fﬁ? USER_NM,  CA_NN  FROM DOMAIN
N
SELECT USER_NM,  CA_NM_C FROM COLUMN

UNION
SELECT USER_W,  CA_WM FRON COLUMN
SELECT USER_NM_CA, CA_NM  FROM RT_CA
UNION

SELECT USER_NM_CA, CA_NM  FROM COL_CA
)

If & COND_ACT-tuple is referenced by » DOMAIN-tuple, then it must not be referenced by s tuple
#n KEY, COLUMM, CA or COL_CA.
SELECT DISTINCT 'CAO3: CONDITIONAL ACTION IS IMPROPERLY CLASSIFIED!
EROM COND_ACT
WHERE (USER_WM, CA_NM) IN
(SELECT USER_NM, CA_NM
FROM DOMAIN™

)
AMD (USER_NM, CA_NM) IN
(ﬁl{gﬁl‘ USER_NM,  CA_NM  FRON KEY

SELECT USERM,  CAMA_C FROW COLUMN

UNTON
SELECT USER WM,  CAMM_M FRON COLUNN
SELECT USER_W_CA, CA W FROM RT_CA
SELECT USER_WM_CA, CA_NM  FROM COL_CA
)

lfamllm-ttple is referenced by a COLUMN-tuple by means of fts column CA WM C, then it must
not be referenced by a tuple in KEY, DOMAIN, COLIMMN, RT_CA or COL_CA.
SELECT DISTINCT 'CAO4: CONDITIONAL ACTION IS IMPROPERLY CLASSIFIED
FROM COND_ACT
WHERE (USER_NM, CA WM} IN
(SETECT usEu ! MM, CA_NM_C

’non COLUM
AD (USER W, CANN) w
(seCect usEr CA_NM  FROM KEY
UNTON
SELECT ussk_un, CA_NM  FROM DOMAIR
UNION

SELECT USER_WM, CA_NM_M FROM COLUMM
I

SELECT USER_NM_CA, CA_NM  FROM RT_CA
UNION

SELECT USER_NM_CA, CA_NM  FROM COL_CA
)

lfamm-ttple is referenced by a COLUMN-tuple by meanc of its column CA_NM_M, then it must
be referenced by a tuple in KEY, DOMAIN, COLUMN, RT_CA or COL_CA.
SELEC'I' DISTINCY °CAOS5: COMDITIONAL ACTION IS INPRCPERLY CLASSIFIED!
FROM COND_ACT
WHERE (USER_WM, CA_NM) IN
(SELECT USER_NM, CA_NM_M
FROM COLUMN™

)
AND (usea NM, CA_WM) IN
SECECT USER_WM,  CA_NM  FROM XEY

ey
SELECT USER_NM,  CA_NM  FROM DOMAIN

UNTON

SELECT USER_W, CA_NK_C FROM COLUNN
N1OK

SELECT USER_MM_CA, CA_M¥  FROM RT_CA

UNTON
SELECT USER_NM_CA, CA_NM  FROM COL_CA
)
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If & OOMD_ACT-tuple is referenced by one or more tuples in RT_CA or DOL_CA, then it must not be
referenced by a tuple in KEY, DOMAIN or COLUNN.
SELECT DISTINCT 'CAO&: CONDITIONAL ACTION IS TMPROPERLY CLASSTFIED!
FROM nc:gg ACY
WHERE (USER_NM, CA_NM) IN
(SECECT USER_NM_CA, CA_NM
FROM RT_CA
UNION
SELECT USER_NM_CA, CA_NM
FROM COL_CA
)
AND CUSER_NM, CA_WM) IN
¢SELECT USER_NM, CA_NM  FROM KEY
URION
SELECT USER_NM, CA_NN  FROM DOMAIN

URION
SELECT USER W, CA_NM_C FROM COLUML
’sel.sc'r USER_NM, CA_NM_M FROM COLUMN

the column CA_NN M in COLUMN must be A-marked if and only if both A _MARK ALL and I _MARK ALL
contain the value ‘YES®.
SELECT DISTINCT 'CAD7: MISSING OR SUPERFLUOUS MARK-CONSTRAINT'
FROM COLUMN
WHERE ( CA_NM_M IS NULL  /* a-marked */
AND { ~ A_MARK_ALL = 'NO!
’on I_MARKCALL = *ND?

}

OR ( CA_NN M IS ROT MULL /* not a-marked */
AND A_FARK_ALL = ‘YES®
’mo I_MARKALL = ‘YES'

Preferably, no COND_ACT-tuple that is referenced by either a DOMAIN-tuple (D-constraint) or a
COLIMN-tuple (C-constraint) has & value *TT! for TTIME.
SELECT DISTINCT 'CAO8: (WARNING) CONSTRAINT OF TYPE C OR D SHOULD WORMALLY BE TC-TIMED®
FROM COND _ACT
WHERE TTINE = 'TT!
AND (USER_NM, CA_NM) IN
(SECECT USER_NM, CA_NM_C
FROM COLUMN

UNIOM

SELECT USER_NM, CA_WM
FROM DOMAIN

)

Preferably, no tuple in COMD ACT, for which COMDITION is mot I-merked, references tuples in
RF"!'AILE having RT_TYPE © <*BASE' via RT_CA, COL_CA, COLUMN, or KEY having KEY_TYPE not equal to
PRIMARY" . :
SELECT DISTINCY 'CAOD: (WARNING) NON-E CONSTRAINTS ARE NORMALLY APPLIED TO BASE R-TABLES OMLY'
FROM COND ACT CA
WHERE CONDITION IS NOT NULL /* not i-marked */
AND EXISTS
(SELECT * FROM R_TABLE RT
WHERE RT_YYPE <> ‘BASE'
AND (USER_NM, RT_NM) IR
(SELECT USER_NM, RT_NM
FROM KEY
WHERE KEY TYPE <> "PRIMARY!
AND CA_NM = CA.CA_NM
UNION
SELECT USER_NM, RT_NM
FROM DOMAIN
WHERE CA_NM = CA.CA_NM

UNTON
SELECT USER_WM, RY_NM

FROM COLUMN
WHERE CA_NM_C = CA.CA_MM
OR CA_NM_C = CA.CA_NM
UNTON
SELECT USER_NM_RT, RT_NM
FROM RT_CA
WHERE USER_NM_CA = CA.USER_NM
AND CA_NH = CA.CA_NM
UNION

SELECT USER_NM_RT, RT_NM

FROM COL_CA

WHERE USER_NM_CA = CA.USER_WM
AND CA_NW = CA.CA_NN

)
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l-frll:mitheul: in COND_ACT does not contain an I-mark, CA_DATE and CA_TINE woy not contain such a
e .

SELECT DISTINCT *CA10: AN INTERVAL HAS BEEN SPECIFIED WITHOUT A STARTING DATE AND TIME®

FROM -DOND_ACT CA

‘WHERE INTERVAL IS NOT NULL /* not i-marked */

AND C  CADATE IS NULL /* i-marked  */
JOR CATINE IS NOLL  /* i-marked 7

1f a COND_ACT-tuple desipnates a dynemic constraint CIND_STATIC = 'NO*), then the coluwmn
COMDITION wust not be I-marked, and the columns CA DATE and CONSTR TYPE must be I-marked,
SELECT DISTINCT ‘CA1%: IIICORRECT SPECIFICATION OF DYNAMIC CONSTRAINT®
FROM COND_ACT
WHERE TND_STATIC = 'NOD'
AND ¢ CONDITION IS NULL " j-marked */
OR CA_DATE IS NOT NULL /* not i-marked */
)on CONSTR_TYPE IS NOT MULL /* not i-marked */

The columns CA DATE and CA_TIME in COND_ACT are either both I-marked or not warked.
SELECT DISTINCT 'CA%12: COLUMNS CA_DATE AND CA_TIME MUST BOTH BE MARKED OR NOT MARKED®
FROM COND_ALCT CA
WHERE ¢ CA_DATE IS MULL 7= {-marked */

AND CA TIME 15 NOT NULL /* not i-marked */

)
OR ( CA_DATE 1S NOT WULL /* not i-marked */
)AND CATIME 1§ WULL * i-merked */

The columns DOMDITION and TTIME in COND_ACT are either both I-merked or not sarked.

SELECT DISTINCT 'CA13: COLUMNS CONDITION AND TTIME WKIST BOTH BE MARKED OR NOT MARKED!

FROM COND_ACT CA

WHERE ¢ CONDITION IS NULL ¥ i-marked */
AND TTIME IS NOT NULL /* not i-marked */

)
or ( CONDITION IS NOT NULL /* not i-marked */
)AND TTIME IS ML "~ i-marked */

The column CA M in KEY sust be A-marked if and only if KEY TYPE = <INDEX*.
SERgCTKEDISTIHET 'CAT4: CONDITIONAL ACTION CANNOY BE APPLIED TO A CONVENTIONAL INDEX®

WHERE KEY_TYPE = *INDEX"
AND CA_RM IS NOT WULL

Every COLUMN- e that belongs to a primery key has m-rkforu_ﬂ_ll.
SELECT DISTINCY °*CA1S5: HARK-CGISTRMNT FOR PRIMARY KET COLUMN IS SUPERFLUQUS!®
FROM COLUMN
WHERE CA NM M 1S NOT MULL /* not a~morked */
AND CUSER”NM, RT_NM, COL_NM) !
(SELEC‘I’ USER_NM, R'l' M, COL NH
FROM KEY N
WHERE (USER_NM, RT_NM, KEY_NM) IN
(SECECT USER_NM, RT MM, KEY_NM
FROM KEY
WHERE KEY_TYPE = 'PRIMARY'
)
)

The columns UPD_ACT and DEL_ACT in XEY mmt be I-merked if and only if KEY_TYPE < *FOREIGN'.
SE(I.’E‘CT DISTINCT 'CAt6: ACTION ON FOREIGN KEY UPDATE/DELETE 1$ GILY RELEVANT FOR EOREIGN KEYS'
F KEY
WHERE ( KEY_TYPE = 'FOREIGKR® '
AND ( UPD_ACT IS NULL J* i-marked */
)CI! DEL_ACT IS5 WULL ™ i-marked */f

)
OR ¢ KEY_TYPE <> 'FOREIGN'
AND ¢ TUPD_ACT IS NOT NULL  /* not i-marked */
OR DELACT IS NOT NULL  /* not i-marked */
)

)

Tuples in KEY for shich KEY_YTYPE = ‘PRINARY’ reference tuples in COMD_ACT for which TTIME =
*JCh.
SELECT DISTINCT 'CA17: E-TYPE CONSTRAINT MUST BE TC-TIMED®
FROM KEY
WHERE KEY_TYPE = *'PRIMARY'
AND (USER_NM, CA_NM) NOT N
¢SELECY I.ISER WM, CA_NM
FROM COND_ACT
WHERE TTIME = *TC'
)
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CAiB-  Tuples in ACT for which CONSTR_TYPE is not I-merked cannot accept I-marks for CONDITION.
SELECT DISTINCT *CA18: TYPED CONSTRAINY CANNOT HAVE AN I-MARK FOR CONDITION COLUMN®

FROM COND _ACT
WHERE CONSTR_TYPE IS NOT NULL /* not i-marked */
AND CONDITTON 1S MULL il i-marked */
CA19- ThetlaoltT\wm in COL_CA must be 1-morked if and only if the column COMSTR_TYPE in COND_ACT
is also
SELECT DISTINCT 'CA19: COLUMN GROUP_ID MUST BE I-MARKED OR UNMARKED'
FROM COND_ACT

WHERE ( ~— CONSTR_TYPE 1§ NOT NULL /* not i-marked */
AND (USER_NM, CA_NM) INM
¢SELECT USER_NM, CA_NM
FROM COL_CA™
)unaue GROUP_ID IS NULL /* i-marked %/

)
OR (  CONSTR_TYPE IS WULL /* f-marked ¥/

AND (USER_NM, CA_NM) IN
(SELECT u‘§ER N, CA_NM
FROM COL
WHERE snisup ID 1§ NOT NULL /* not {-marked */
)

}

uples in COMD_ACT for which CONSTR TYPE = “FD* arereferermdbyat(eastmmm—tl.plefor
which GROUP_ID = °*DETERMIMING', by at Least one COL_CA-tuple with GROUP_ID = *DEPENDENT', by no
other tuples in COL_CA, by one tuple in RT_CA, and by no tuple in any other R-table. The columns
refer to the same R-table and the RT l:a-tl.ple has the value "YE5' values for the column INS ‘Mo’
lues for the colume *DEL' and *RET".

SELECT DISTINCT *CA20: INCORRECT SPECIFICATION OF FUNCTIONAL DEPEMDENCY CONSTRAINT®

FROM COND ACT CA

WHERE DON§TR-_T¥PE = 'FDY

CUSER WM, CA NM) ROT IN
(SELECT USER_NM, CA_M
FROM COL_CA™
WHERE GROUP_ID = 'DETERMINING®

)
OR (USER_WM, CA_NM) NOT IN
(SELECT USER_NM, CA_WM
FROM COL_CA
)ume GROUP_ID = 'DEPENDENT®

OR (USER_NM, CA NM) IN
(SELECT USER_MM, CA_NM
FROM COL_CA~
WHERE GROUP_ID NOT IN ('DETERMINING','DEPENMDENT')

)
Ok 1o
(SELECT COUNT(*)
FROM RT_CA
WHERE USER_WM_CA = CA.USER NM
AND CA_NN = CA.CA_N

)
OR (USER_NM, CA NM) IN
(SELECT U§ER NM, CA_NM
FROM COL_CA
WHERE (USER_NM_RT, RT_NM, USER_NM_CA, CA_NM) NOT IN
(SELECT USER_WM_RT, RT_NM, USER_RM_CA, CA_NM

:

FROM RT CA

WHERE INS = 'YES'
AND DEL = "NO!
AND RET = "NO'

)
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Tuples in COMD_ACT for which CONSTR_TYPE = ‘MVD' are referenced by at least one DOL CA-tuple for
shich GROUP_ID = *DETERMINING', by at least one COI_CA-tuple with GROUP_ID = <DEPENDENT', by at
least one COL CA-tuple with GROUP_ID = *INDEPENDENT?, by no other tuples in COL_CA, by one tuple
in RT_CA, and by no tupie in any other R-table. The columne refer to the same R-table and the
l.lt.!ﬁ-up(e has the value 'YES' values for the column INS *No' values for the columns *DEL' and

SELECT DISTINCT 'CA27: INCORRECT SPECIFICATION OF MULTI-VALUED DEPENDENCY CONSTRAINT®
‘FROM COND_ACY CA

WHERE CONSTR_TYPE = 'MWD®

AND (
CUSER_KM, CA_NM) NOT IN
(SELECT USER_NM, CA_|
FROM COL_CA
WHERE GROUP_ID = 'DETERMINING'

)
OR (USER_NN, CA_NM) NOT IN
(SELECT USER_NM, CA_NM
FROM COL_CA
WHERE GROUP_ID = 'DEPEMDENT'

)
OR (USER_NM, CA_NM) NOT IN
CSELECT USER_NM, CA_NM
FROM COL_CA
WHERE GROUP_ID = *INDEPEMDENT*

y
OR (USER_NM, CA_WM) IN
(SELECT USER NN, CA_NN
FROM COL_CA
WHERE GROUP_ID NOT IN ('DETERMINING®, ‘DEPEMDENT®,"INDEPENDENT!)

)
0R1<
(SELECT COUNT(*)
FROM RT_CA
WHERE USER_NM_CA = CA.USER_NM
AND CA_NH = CA.CA_NN

)

OR (USER_NM, CA_NM) IN
(SELECT USER_KM, CA_NM
FROM DOL_CA

MHERE (USER_NM_RT, RT MM, USER_WM_CA, CA_NM) NOT IN
(SELECT USER_NM_RT, RT_NM, USER_NM_CA, CA_NM
FROM RT_CA
WHERE INS = 'YES'
AND DEL = 'NO'
AND RET = *NO

)

Tqines in COMD_ACT for shich CONSTR_TYPE = ‘J? are referenced by at least one COL_CA-tuple for

ch GROUP_ID = ‘DETERMINING®, at least one COL_CA-tuple with a different GROUP ID, by no
in COL_CA, by one e in RT_CA, and by no tuple in any other R-table. The columns

o to the same R-table and the RT_CA-tuple has the value *YES' values for the column INS ‘No*

volues for the columns *DEL’ and *REY’.

SELECT DISTINCY '"CA22: INCORRECT SPECIFICATEON OF JOIN DEPENDENCY CONSTRAINT'

FROM COND_ACT CA

WHERE CONSTR_TYPE = 'Jp*

AND (  (USER_NM, CA_NM) NOT IN
(SELECT USER_NK, CA_NM

FROM COL_CA
WHERE GROUP_ID = 'DETERMINING'
)
ok 3>
(SELECT COUNT{DISTINCT GROUP_ID)
FROM COL_CA
WHERE USER_NM_CA = CA.USER_NM
AND CA_NW = CA.CA_NA
)
OR 1<
(SELECT COUNT(*)
FROM RT CA
WHERE USER_WM_CA = CA.USER_NM
AND CA_ WM = CA.CA_NM

)
OR (USER_NM, CA_NM) IN
(SELECT USER_NM, CA_NM

FROM COL_CA
WHERE (USER_NM_RT, RT_NM, USER_NM_CA, CA_NM) NOT IN
(SELECT USER_NM_RT, RT_NM, USER_NM_CA, CA_NM
FROM RT_CA
WHERE INS = 'YES®
AND DEL = 'NO
AND RET = *NO'
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The set of COL CA-tuples having the value *DETERNINING' for the column GROUP_ID and referencing
a COND_ACT-tuple for which CONSTR_TYPE = *‘FD' does hot include all primery key coluwe of the
referenced R-table.

SELECT DISTIMCT 'CA23 FURCTIONAL DEPENDENCY CONSTRAINT IS IMPLIED BY THE PRIMARY KEY!'

FROM KECMY ACT CA,

WHERE CA.CONSTR_TYPE = 'FD*
AND KEY.KEY_TYPE = IPRIMARY'
AND NOT EXISTS
¢SELECT * FROM KEY_COLUMN XC

WHERE KC.USER WM = KEY.USER_WM
AND KC.RT_KH = KEY.RT_MH
AND KC.KEY NM = KEY.KEY_NM
AND NoT EXTSTS

(SELECT * FROM COL_CA CCA

WHERE CCA.USER_NM_RT = KC.USER_NM
AND CCA.RT_NN = KC.RT_NH
AND CCA.COL M = KE.COL_NM
AND CCA.USER NM_CA = CA.USER MM
AND CCA.CA_NM = CA.CA NN
AND CCA.GROUP_ID = 'DETERMINING®

)

Tuples_in COND _ACT for which COMSTR_TYPE = ‘INCL_DPCY' are referenced by pairs of COL_CA-tuples
for which GROUP_ID = *SUB' and for which GROUP_ID = ‘SUPER’, belonging to the same domiin.

This constraint cannot be futl}f expressed in SOL. The folloulng statement does not return an
error if the number of columns for which GROUP_ID = ‘SUB* differs from the number of columns for
"g;:himl 10 = 'SUPER', but the set of domains to which the two groups of columns belong are
jdentical.

SELECT DISTINCT 'CA24: INCORRECT SPECIFICATION OF INCLUSION DEPENDENCY CONSTRAINT®

FROM COND_ACT CA

WHERE CCIISTR TYPE = *INCL_DPCY'

AND ¢
EXISTS
{SELECT *
FROM COL_CA CCASUP,
cotUmM coLsup
WHERE CCASUP.USER_NM_CA = CA.USER_NM
AND CCASUP.CA_NN = CA.CA_NK
AND CCASUP.USER_NM_RT = COLSUP.USSER_KM
AND CCASUP.RT_NH = COLSUP.RT_NH
AND CCASUP,COL_NM = COLSUP,COL_NM
AND CCASUP.GRODP_ID = YSUPER!
AND NOT EXISYS
(SELECT *
FROM COL_CA CCASUB,
COLDMN COLSUB’
WHERE CCASUB.USER_NM_CA = CA.USER_NM
AND CCASUB.CA_NW = CA.CA_NN
AND CCASUB.USER_WM_RT = COLSUB.USER_ WM
AND CCASUB.RT lﬂ = COLSUB.RT_NM
AND CCASUB.COLC = COLSUB.COL_NM
AND CCASUB. saoUP w =
AND cmws.oou_ui = COLSUP.DOM_NM

)
on
EXISTS
(SELECT *
FROM COL_CA CCASUR,
coLUun coLsue

WHERE CCASUB.USER_NM_CA = CA.USER_NM
AND CCASUB.CA NN = CA.CA_NH
AND CCASUB.USER_NM_RT = COL.SUB . USER_NM

mncmsuaanﬂ = COLSUB.RT_NM
AMO CCASUB.COL_NM = COLSUB.COC_NM
AND CCASUB.GROUP_ID = 'SUR'
AND NOT EXISTS
(SELECT *
FROM COL_CA CCASUP,
COLUNN  COLSUP
WHERE CCASUP.LISER_WM_CA = CA.USER_NM
AND CCASUP.CA_WH = CA.CA_NH
AND CCASUP.USER_MM_RT = COLSUF.USER WM
AND CCASUP.RT_NH = COLSUP.RT_NN
AND CCASUP.COL_NM = COLSUP.COL_NM
AND CCASUP.GROOP_ID = 'SUPER®
AND COLSUP .DOM_NN = COLSUB.DOM_WM
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Tuples in COL_CA, referring to & tuple in COMD_ALT for which CONSTR_TYPE = *INCL DPCY' and
having the same value for GROUP_ID, have the same ‘values for RT_MM. The column GROUP_ID may only
accept the valuss "SUB' and "SUPER'.
SELECT DISTINCY 'CA25: INCORRECT SPECIFICATION OF INCLUSION DiPENDEHCY CONSTRAINT!
FROM COND_ACT CA
WHERE CONSTR_TYPE = *INCL_DPCY®

AND EXISTS

(SELECT * FROM COL_CA CCA_1

WHERE CCA_1,USER ] iw CA = CA,USER_WM
AND CCA_1.CA_NH = CA.CA_NN
AND ¢ Tcca_T.GROUP_ID NOT IN ('SUB', *SUPER')
OR EXIZTS
(SELECT * FROM COL_CA CCA_2
MHERE CCA_2.USER_WM_CA = CCA_1.USER_NM_CA
AND CCA_2.CA_NR = CCA_1.CA_NW
MND CCA_2.6ROUP_ID = CCA_1.GROUP_ID
AND CCA_2.RT_NM < CCA_1.RT_WN

lctttpleforlllidlmma +INCL_DPLY' and referenced
by COL_CA-tuplec for which GROUP 16 = ¢ ' have the value *YES' for the column DEL and the
vatue ThNO* their columns INS and RET, Illile colums in RT_CA referencing a COND_ACT-tuple
for which CONSTR_TYPE = <INCL_DPCY' and referenced by COL_CA-tuples for which GROUP iD = 'sim’
have the value *TES' for the column INS and the value *NO* for their colums DEL and RET.
SELECT DISTINCT 'CA26: INCORRECT SPECIFICATION OF INCLUSION DEPENDENCY CONSTRAINT!
FROM COND ACT CA
WHERE CONSTR_TYPE = '[NCL_DPCY'

AND ¢
NOT EXISTS
(SELECT * FROM RT_CA RCA

WHERE RCA.USER NM_CA = CA.USER MM
AND RCA.CA_NH = CA.CA_NH
AND INS = TNOD’
AND DEL = 'YES*
AND RET = 'NO'
AND EXISTS
(SELECT * FROM COL_CA CCA
WHERE CCA.USER NM_CA = RCA.USER_NM_CA
AND CCA.CA_NH = RCA.CA_NW
AND CCA.USER_NM_RT = RCA.USER_WM_RT
AND CCA.RT NN = RCART_NW
AND CCA.GROUP 1D = 'SUPER
)
}
OR
NOT EXISTS

(SELECT * FROM RT CA RCA
WHERE RCA.USER NA_CA = CA
AND RCA.CA_NN = CA.CA_|
AND INS = TYES!
AND DEL = *NO'
AND RET = 'NO*
AND EXISTS
(SELECT * FROM COL_CA CCA
WHERE CCA.USER NM_CA = RCA.USER NM_CA

+ISER_NM

AND CCA.CA_NW = RCA.CA_NN

AND CCA.USER NM_RT = RCA.USER_WM_RT
AND CCA.RT_NK = RCA.RT_NH

AND CCA.GRDUP_ID = 'SUB!
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The set of tuples in COL CA, referring to a tuple in OOMD_ACT for which CONSTR_TYPE =
‘INCL_DPCY', and for which GROUP_ID = *SUB', does mnot coincide With a set of KEY_COLUMN-tupies
referring to s KEY-tuple for which XEY TYPE = ‘FOREIGN®, while st the same time the cor
ding set of tuples in COL_CA, for shich GROUP_ID = *SUPER', refers to a KEY-tuple for which
KEY YYPE = *PRIMARY'.
SELECT DISTINCT 'CA27: INCLUSION DEPENDENCY 1S IMPLIED BY REFERENTIAL LNTEGRITY CONSTRALNT'
FROM COND_ACT CA,
XEY PK,
KEY FK,
KEY_REF KR
WHERE CONSTR_TYPE = 'INCL_DPCY'
AND PK.KEY_TYPE = 'PRIMARY’
AND FK.XEY _TYPE = 'FOREIGN'
AND KR .USER NM_PK = PK.USER_NM
AND KR.RT NH_PK = PK.RT
AND KR.USER_BM_FK = FK.USER_NM
AND KR.RT NM_FK = FK.RT_N
AND KR.KEY Wi = FK.KEY_NM

WHERE CCA.USER_NM_CA = CA.USER_NM
CCA.CA_NN = CA.CA_
AND CCA.GROUP_ID = 'SUPER’
AND NOT EXISTS

{SELECT * FROM KEY_COLUMN KC
WHERE KC.USER_NM

AND KC.RT_WN CCA.RT_WH
AND KC.COL_NM = CCA.COL_WM

)

)
AND NOT EXISTS /* every primary-key coiumn is exists as a super-column */
(SELECT * FROM KEY_COLUMN KC

WHERE KC.USER_NM = PK.USER_NM
AND KC.RT_NK = PK.RT_NN
AND KC.KEY NM = PK.KEY_NM
AND wOT EXTSTS
CSELECT * FROM COL_CA CCA
WHERE CCA.USER NM_CA = CA.USER_NM
AND CCA,CA_NH = CA.CA_NN
AND CCA.USER_NM_RT = KC.USER NM
AND CCA.RT_NR = KC.RY_NW
AND CCA.COL_NM = KC.COL_KM
AND CCA.GROUP_ID = SSUPERT

AND CCA.CA_ NN ~— = CA.CA_WN
AND CCA.GROUP_ID = 'SUB’
AND NOT EXISTS

(SELECT * FROM KEY_! Kc
WHERE KC.USER_NM = FK.USER_NM
AND KC.RT NM = FK.RT NN
AND KC.KEY MM = FK.KEY WM
AND KC.USER WM = CCA_USER MM_RY
AND KC.RT_NH = CCA.RT_NM
AND KC.COL_NM = CCA.COL MM

)
AND NOT EXISTS /* every foreign-key column exists as a sub-column */
(SELECT * FROM KEY_COLUMN KC
WHERE KC.USER_MM = FK.USER_NM
AND KC.RT WM = FK.RT_NH
AND KC.KEY NK = FK.KEY_NM
AND NOT EXTSTS
(SELECT * FROM COL_CA CCA
WHERE CCA.USER_NM_CA = CA.USER_NM
AND CCA.CA_NW = CA.CA_NW
AND CCA.USER_NM_RT = KC.USER_NM
AND CCA.RT_NH = KC.RT_NM
AND CCA.COU_NM = KC.col_mw
AND CCA.GROJP_ID & 'Sug!
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merynﬂll-ézalethemlmmmmﬂmmmeiﬂnr I-morked or not wmarked.
SELECT DISTINCT ¢ : USER_NM_CA AND cI_nif IN DOMAIN ARE PARTLY A-MARKED'
FROM DOMAIN
WHERE ¢ USER_NM CA 1S NULL I* a-marked */
AND CA_NM 1S NOT NULL /* not a-marked */

)
oR ¢ USER_NM_CA IS NOT NULL /* a-marked */
)AIID CA_NN 15 NULL /* not a-marked */

8. BUILT-IN AND USER-DEFINED FUNCTIONS

FUD1-

If FUNC_ MM 1NV is not A-merked, the FUMCTION-tuple it referonces contains the value of FUNC_NM
for its column FUNC SM _INV.
SELECT DISTINCT tFUTTt:TINCONSISTENT INVERSE FUNCTION REFERENCES®
FROM FUNCTION F1
WHERE FUNC_NM_INV IS NOT NULL /* not a-marked */
AND (USER M, FUNC_NM_INV) NOT IN
(SETECT USER NM] FUNC_NM
FROM FUNCTION F2
)uueas F2.FUKC_NM_INV = F1.FUNC_NM

1f FUNC_M® DOD is not A-marked, the FUNCTION-tuple it references containe the value of FINC_KM
for its column FUNC_NM_DOD.
SELECT DISTINCT *FUD2: INCONSISTENT DOD-FUNCTION REFERENCES'
FROM FUNCTION F1
WHERE FUNC NM DOD IS NOT NULL /* not a-marked */
AND (USER_NH, FUNC_NM_DOD) NGT IN
(SETECT USERTNM; FUNC_NM
FROM FUNCTION F2
)ums F2.FUNC_NM_DOD = F1.FUNC_NM

If FAUNC W4 DOD s not A-werked, then IND DOD mmt not be [-marked.
SELECT FISTIHCI' YFU03: REFEREIIGE TO DOD-FUNCTION EXISTS AND IND_DOD 1§ I-MARKED®
FROM FUNCTION
WHERE FUNC_NM_DOC IS NOT SULL /* not a-marked */
AND IND_[op™ 1S NULL * i-marked */

Functione for which FUMC_MM DOD is not I-marked reference FUNCTION-tuples for shich IND_DOD has
a different value.
SELECT DISTINCT *FUO4: REFERENCED DOD-FUNCTION DOES MOT WAVE A DIFFEREKT VALUE FOR IND_DOD?
FROM FUNCTION F1
WHERE FUNC_NM_DOD 15 NOT WULL /* not a-marked */
AND CUSER_NM, FUNC_NM_DOD)Y IN
(SELECT USER_NM, FUNC_NM
FROM FUNCTION F2
)HIIERE F1.IND_DOD = F2.1ND_DOD

R_TABLE-tuples for which RT _TYPE < *VIEW® or INS_ALL = *NO' hove A-marks for FUNC WM WM.
SELECT DISTINCT 'FUDS: REFEWENCE TO INSERT-FUNCTION ONLY ALLOWED FOR INSERTABLE VIEWST
FROM R_TABLE
WHERE WC_M_W IS NOT NULL /* not a-marked */
AND { INS_ALL = 'NO*
Ok RT_TYPE <> 'WIEW'
)

For every tuple in R_TABLE for swhich FUNC MM W is not A-marked there exists a tuple in RT_FINC
with the same values for RT_WW and FUNC_ NN and with values for USER_WW_RT and USER_NM_FUNC that
are equal to USER MM in R_TABLE.
SELEBT ‘DISTINCT 'FUDS: REFERENCE TO INSERT-FUNCTION REQUIRES RT_FUNC DATA®
FROM R_TAEBLE
WHERE FUNC NM VW IS NOT MULL /* not a-merked *I
AND (USER NM, RT MM, USER_NM, FUKC_MM_VW) NOT [
'(SE'EEI:{' USER_| IIH | RT, “RT _NM, U§ER NM_FUNC, FI.IIC M
)FRUI RT FUNC
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RMNCTION-tuples that are esch others inverse or that constitute a DOD/non-DOD pair are
referenced jdentical sets of ARGUMENT-tuples, projected on columns ARG _SEQF and ARG_NN.
SELECT DISTINCT 'FUO7: ARGUMENT LISTS OF INVERSE FUNCTIONS DO NOT MATCH'
FROM FUNCTION F1, FUNCTION F2
WHERE (

( F1.USER_NM = F2.USER_NM

)MID F1.FUNC_NM = F2.FUNC_NM_INV /™ inverse function pair %/

OR

{ F1.USER_NM = F2.USER_NM

AND F1.FUNC_NM = F2.FUNC_NM_DOD  /* dod/mon-dod function pair */

}

)}
AND EXISTS
CSELECT * FROM ARGUMENT ARG1
WHERE ARG1.USER_NM = F{,USER_NM
AND ARGT.FUNC NM = F1,FUNC NM
AND NOT EXISTS
(SELECT * FROM ARGUMENT ARG2
WHERE ARG2.USER_NM = F2.USER_MM

AND ARG2.FURC WM = F2.FUKC_NM
AND ARG2.ARG_SEQ¥ = ARG1.ARG_SEQ#
AND ARGZ.ARG_NM = ARGT.ARG_NM

]
)

The values of ARG_SEQF in the set of ARGUMENT-tuples with the same value for USER_NM and FUNC_MM
are umbered consecutively up from 1 to the umber of tuples in the set.
SELEC'I‘ DISTINCT *'FUOB: ARGUMENTS MUST BE NUMBERED CONSECUTIVELY®
FROM ARGUMENT ARG1
WHERE ARG1.ARG_SEG# > 1
AND NOT EXISTS
CSELECT * FROM ARGUMENT ARG2
WHERE ARG1.USER_NM = ARGZ.USER_NM
AND ARG1.ARG_SEQ# = ARG?.ARG_SEQ¥ + 1

The relstion SINGULAR containe exactly one tuple.
SELECT DISTINCT 'FU09: R-TABLE SINGULM! MUST (:UIISTAIH EXACTLY OME TUPLE®
FROM DUAL /* oracle's cummy table */
WHERE 1 <>
C(SELECT COUNT(*)
’m SINGULAR

The values of columnc DOM_MK_FURC and DOM_MM_ ARG in SINGULAR are not equal.
SELECT DISTINCT 'FU10: FUNCTION DOMAIN AND ARGUMENT DOMAIN MUST GE DIFFERENT'
FROM STNGULAR

WHERE DOM_NM_FUNC = DOM_NM_ARG

If the USER WM in FUNCTION is not equal to USER_MM CATALOG in SINGULAR, the columne HOST_LANG,
ROUT_SRC end ROUT EXEC must not be marked.
SELETT DISTINCT *FU11: HOST LANGUAGE SOURCE ROUTINE AMD EXECUTABLE ROUTINE MUST BE KNOWN'
FROM FUNCTION
WHERE ( HOST_LANG IS WULL /* i-marked */
‘OR ROUT_SRC IS MULL /* i-marked */
OR ROUT_EXEC IS MWL /* §-marked ¥/

)

AND USER_WM <>
¢SELECT USER_NM_CATALOG
)FRUI SINGULAR

Every DOMAIN-tuple that is referenced from SINGILAR has voaluee for USER_NN DOM and USER_MM_CA
that are egual to USER NN CATALOG in SINGULAR.
SELECT DISTINCT *Fui2: BUTLT-IN DOMAIN MUST SE OWNED BY THE CATALOG!

FROM DOMAIK O,
SINGULAR &
WHERE {( D.DOM_NM = S.DOM_NM_FUNC
OR D.DOM_NM = S.DOM_NM_ARG
]
AND (

USER IIH CATALOG

m

< S. USER NM_CATALOG

< 5.

IS WULL “/* a-marked */

D.USER_NM_DOM
OR 0.USERTNM_CA
OR D.USER_NM_DOM
)
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9. STYNONYM NAMES AND NAMING RULES

The sets of R_TABLE-tuples designated by columns USER WM SYN and RT_MM SYH on the one hand and
by USER MM RT and RT_MN in RT_SYN are disjunct.
S:::..E‘C; rﬁgﬂﬂcl‘ "HROT: SYNONYH NAME CANNOT COINCIDE WITH AN R-TABLE NAME!
F
WHERE (USER NM_SYN, RT_ MM SYN) IN
(SELECY USER_WH_RT, RT_NM
FROM RT SYH'?

The set of composite column nemes designated by COL_ MM _SUP in COL_STRUCT is disjunct from the
mofheymfckintherelltimll.m
A IN _CHECK OVERRIDE i he
SELECT DISTINCT °*NR DUIPOSI E COLUMM NAME CAMNOT COINCIDE WITH AN RL-KEYWORD!
FROM COLUMN_STRUCT
WHERE COL_WM_SUP IN
(SELECT RL_KEYW
)FRI.'H RL_KEYWORD

Tmmcfd-innmdslntdwnmminmm s disjunct from the union of RT_NM_STN
m“m-ﬂﬂﬂkinlnﬂj
CHi
ELECT DISTINCT 'NRO3: DOMAIN NAME I:MIIIOT COINCIOE WITH AN R-TABLE NAME OR A FUNCTION NAME®
FROM DOMAIN
WHERE DOM_NM IN
(SELECT RY_NM_SYN
FROM RT_SYN

)
OR DOM_NM IN
(SELECT RT_WM
FROM R_TABLE

)

OR DOM_NM IN
CSELECT FUNC_NM
)FRCH FUNCTION



Appendix B User-defined Constraints in the Catalog Model 20

WRO4- Forcnriyl.-er the sets of nemes designmted by RT MM SV in RT SYN, RT_MM in R_TABLE and
n RNCTION are distinct from another and frﬂthemimofb'mlll in DOMAIN, BO_TYPE_KM
in BASIC MTIT!PE,R:IIIEI:?. ] i? COLUMN for that user.
sr
SELECT DISTINCT 'NRU4: WAMES OF R-TABLES, FUNCTIONS, COLUMNS, DOMAINS AND BASIC DATATYPES MUST
NOT COINCIDE®
FROM DUAL /* oracle's dummy tebie ¥/
‘WHERE EXISTS
{SELECT * FROM FUNCTION
WHERE (USER_NM, FUNC_NM) IN
{SELECT USER | _NM_SYN, RT_KM_SYN
FROM RT_! SYN~
)

)
OR EXISTS
(SELECT * FROM FUNCTION
WHERE (USER_NM, FUNC_NM) IN
(SELECT USER_NM, RT_NM
)m R_TABLE

)
OR EXISTS
(SELECT * FROM FUNCTION
WHERE (USER_NM, FUNC_NM) IN
(SELEC‘I’ USER_NM, COL_kM
FROM COLUMN
)

)
OR EXISTS
(SELECT * FROM RT_SYN
WHERE (USER_NM_SYN, RT_NM_SYN) IN
(SELECT USER _WH, ToL_mM
)mm COLUMN

b
OR EXISTS
(SELECT * FROM R_TABLE
WHERE (USER_NM, RT_NM) TN
(SELECT USER_NM, COL_NM
)rm ‘COLUMN

)
OR EXISTS
CSELECT * FROM FUNCTION
WHERE FUNC MM IN
(SELECT DOM_NM
FROM DOMAIN
UNEON
SELECT BD_TYPE_NM
FROM BASIT_DATATYPE
)

)
OR EXISTS
(SELECT * FROM R_TABLE
WHERE RT_NM IN
TSELECT DOM_NM
FROM DOMAIN
UNION
SELECT 8D _TYPE_KM i
FROM BASIE DAYATYPE
)

)
OR EXISTS
(SELECT * FROM RT_SYN
WHERE RT_NM_SYH TN
CSETECT DOM_NM
FROM DOMAIN
UNION
SELECT BD_TYPE_NM
FROM BASIT DATATYPE
)
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RS~ Every DOMAIN-tuple and every COLUMN-tupls, that references a BASIC DATATYPE-tuple for which
IND_LENGTR = *YES®, does not have a sarked value for its LENGTH column, while t“E’I.EIII:I'II column
is T-marked if IND I.HGTII = "NO*,

SELECT DISTINCT 'NROS: LENGTH MUST BE SPECIFIED OR WUST WOV BE SPECIFIED!
FROM BASIC_DATATYPE
WHERE ¢ IND_LENGTH = ‘YES'
AND BO_TYPE_MM IN
(SELECT BD_TYPE_NM
FROM COLUNN
WHERE LENGTH 1S NULL /* i-marked ¥/
)

)
oR ( IND_LENGTH = ‘YES®
AND BD_TYPE WM 1IN
. (SELECT 80 TYPE_NM
FROM DOMATN
)HHERE LENGTH IS NULL /* i-marked */

)
oR ( IND_LENGTH = *NO*
AND BD_TYPE_NM IN
(SELECT 8D_TYPE_NM

FROM COLUMN
)UHERE LENGTH IS ¥OT NULL /* not i-marked */

)
OR ( THD_LENGTH = *NO!
AND BD_TYPE_NM IN
(SELECT BD_TYPE_NM
FROM DOMATN
)UHERE LENGTH IS NOT NULL /* not i-marked */

)

NROG~ Every DOMAIN-tuple and every COUBN-tuple, that references s BASIC DATATYPE-tuple for which
ND_SCALE = ‘\'ES' does not have a morked value for jts SCALE column, while the SCALE coluwn is
l-nrted if1 St'.ll.E = ‘NDt,
SELECT DlSTlllcT 'NROS: SCALE WUST BE SPECIFIED OR MUST NOT BE SPECIFIED!
FRON BASIC_DATATYPE
WHERE { T~ IND SCALE = 'YES!
AND BD_YYPE_NM IN
(SELECT BD_TYPE_NM
FROM COLUNN
)UHERE SCALE 15 NULL /* i-marked */

)
OR (  IND_SCALE = ‘YES'
AND BD_TYPE_NM IN
(SELECT BD_TYPE_MM
FRON DOMATN
,unear; SCALE IS NULL /* i-marked */

)
OR (  IND_SCALE = 'NO'
AWD BD_TYPE WM IN
¢SELECT BD_TYPE_NM
FROM_COLURN .
jume SCALE IS NOT NULL /* not i-marked */

)
oR ( IND_SCALE = !NO*
AND BD_TYPE MM IN
(SELECT BD_TYPE_NM
FROM DOMATN
WHERE SCALE 1S NOT KULL /* not i-merked */
)
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11. AUTHORIZATION

A0S~ The values of the columns N_DROP, IIIEI.ETEandlDELAY in RT_SITE mmt be less than the nusber
of individusl users in the relation _SITE.
SELECT DISTINCT 1AUD1: N-PERSON TURN KEY CANNOT EXCEED' THE NUMBER'OF DATABASE USERS'
FROM RT_SITE
WHERE N_DROP >=
{SELECT COUNT(*)
FROM USER_SITE
WHERE SITE WM = RT_SITE.SITE_NM
AND USER_NM NOT TN
(SELECT USER_GRP_NM
FROM USER
)HIIERE USER_GRP_NM IS NOT NULL

}
OR N_DELETE >=

(SELECT COUNT(*)

FROM USER SITE

WHERE SITE MM = RT_SITE.SITE_WM

AND USERTWM NOT TN

(SELECT USER_GRP_WM
FROM USER
)uneae USER_GRP_NM IS NOT WULL

)
OR N_DELAY >=

(SELECT COUNT(*)

FROM USER_SITE

WHERE SITE_NM = RT_SITE.SITE_NM

AND USER™NM KOT TN

(SELECT USER_GRP_NM
FROM USER
)uusne USER_GRP_NM 1S NOT NULL

)

AJG2- A COLLMN-tuple containe an I-MARK for MARK_PREF if and only if A_MARK_ALL and I_MARK ALL both
contain the value *YES',
SELECT DISTINCT 'AUG2: MARK-PREFERENCE REQUIRED OR NOT RELEVANT!
FROM COLUMN
WHERE (  MARK_PREF IS NOT MULL /* not i-marked */
ARD ¢ R _MARK_ALL = 'NO?
oft T_MARK_ALL = *NO!

)

OR {  MARK_PREF IS NULL /* i-marked */
AND A_MARK ALL = 'YES'
)mo I_MARK_ALL = 'YES*

ANE-  No RT_AUTH-tuple has the same values for USER WM RT and USER_MM_GRANTEE or USER_NM_GRANTOR and
USER_iM_GRANTEE

SELECT DISTINCT 'AUO3: A USER CANNOT GRANT AUTHORIZATION TO HIMSELF OR HERSELF'
FROM RT_AUTH
WHERE USER_NM_RT = USER_NM_GRANTEE

OR USER”NM_GRANTOR = USER MM GRANTEE

MIG4-  Authorization cycles may not occur in RT_ALTN.
Yhis constraint cannot be expressed in RL.
ALOS

- For every RT_AUTH-tuple, a colum containing an RL-expression mmst contain an I-mark if the
ng indicator containg the value *‘NO°.
SELECT TAUDS: RL-ENPRESION NOT J~MARKED AND INDICATOR = upNOu!
FROM RT_AUTH
WHERE ¢ REV_ALL = ‘NO®
AND RL_EXPR_RET 1S NOT NULL

)
INS_ALL = *NO*
RL_EXPR_INS IS NOT NULL

PK_UPD_ALL = *NO?
RLTEXPR_PK_UPD 1S NOT NULL

ARCH_ALL = 'ND!
RL_EXPR_ARCH 1S NOT NULL

DEL_ALL = 'NO*
AND RL_EXPR_DEL 1S NOT WULL

SMAPSHOT ALL = 'NO'
RI._EXPR_SNAPSHOT IS NOT WULL

CHECKOUT_ALL = *NO?
RL_EXPR_THECKOUT IS NOT NULL

g 2
Eﬂwgﬂ

2 8 8

R
g
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Every RT_AUTH-tuple for uwhich RET ALL = *N0' has the same value for
SELECT DYSTINCT 'AUOS: AUTHORIZATION FOR SHAPSHOT CREATION 1S MEANINGLESS!
FRON RT_AUTH
WHERE REY _ALL = 'NO!

AND WT_ALL = 'YES?

For COL_AUTH-tuple, the colusn RL_BXPR UPD mmt contain an I-merk if the cor §
mm uPD ALL mta“pim the value ‘NO*. responding
SELECT *AUO7: RL~EXPRESION NOT [-MARKED AND INDICATOR = ®NOM?
FROM COL_AUTH
WHERE UPD ALL = 'ND'

AND RL_EXPR_UPD IS NOT NULL

The coluwn DEFAULT VAL in COL_ALTH mst conform to the domain specification of the domain to
which the referenced COLLMN-tuplie belongs.
This constraint cannot be expressed in RL.

The column DEFAULT_VAL in TERM DFLT must conform to the domain specification of the domsin to
which the referenced COLUMN-tuple belongs.
This conastraint cannot be expressed in RL.

The column DEFAULT_VAL in PROG AUTH mst conform to the dommsin specification of the domain to
shich the referenced COLUMN-tuple belongs.
This constraint cannot be expressed in RL.

Every USER-tuple that is referenced by another USER-tuple has an A-mork for USER_CRP_NN.
gE'IiE‘C.'I;sIE);ST INCT "AU11: MULTI-LEVEL USER-GROUP HIERARCHY NOT ALLOMED'
WHERE USER_GRP_KM IS NOT NULL /* a-marked */
MDD USER_ WM TH
(SELECT USER_GRP_NM
FROM USER
)HHERE USER_GRP_NM IS MOT NULL  /* a-marked */

For no USER_SITE-tuple the storage authorizations per query (MAX_STOR QUERY ANT, MAX_STOR_QUE-
nm:mmnmtm-mmm&m,ms‘fmﬁ?un‘én.
SELECT DISTINCT 'AU12: RESOURCE USAGE ALLOWANCE PER QUERY EXCEEDS TOTAL ALLTMANCE®
FROM USER_SITE
WHERE MAX_STOR_QUERY_ANT > MAX_STOR_TOTAL_ANT
OR MAX_STOR_QUERY_ACT > MAX_STOR_TOTAL_ACT

The column PK_HIDDEN in RT_AUTH muet not contain an I-mark if and only if the referenced R-
tabie has a primary key. _
SELECT DISTINCT *AUT3: COLUMN PK_HIDDEN MUST (NOT) BE SPECIFIED®
FROM RT_AUTH
WHERE ( PK_HIDDEN IS NULL /* i-marked */
AND (USER_NM_RT, RT_NM) IN
(SELECT USER_NM, RT_WM
FROM KEY
)HHERE KEY_TYPE = 'PRIMARY!

)
OR (  PK_HIDDEN IS NOT NULL /* not i-marked */

AND (USER_NM_RT, RT_NM) NOT IN

(SELECT USER_NM, RT_NM

FROM XEY
WHERE KEY_TYPE = 'PRIMARY’
)
)

The column CHECKOUT_ALL in RT_AUTN mst not contain an I-merk if and only if the referenced R-
table is & base R-table.
SELECT DISTINCT 'AUT4: AUTHORIZING FOR CHECHOUT 1S MANDATORY DR IRRELEVANT®
FROM RT_AUTH
WHERE ( CHECKOUT_ALL IS NULL /* i-marked */
AND (USER_NM_RT, RT NM} IN
(SELECT USER_NM, RT_NM
FROM R_TABLE
WHERE RT_TYPE = 'BASE!
)

}
OR ¢  CHECKOUT_ALL IS NOT NULL /* i-marked */
AND (USER_NM_RT, RT_NM) NOT IN
(SELECT USER WM, RT_NM
FROM R_TABLE
)HI!ERE RT_TYPE = 'BASE!
)

Every USER_SITE-tuple for Mhich IND_DBA USER = *YES* (local DBA) has the value *VES' for
GRANT_ALL.
SELECT DISTINCT 'AU15: DBA-USER MUST HAVE AUTHORIZATIONS FOR GRANTING®
FROM USER_SITE
WHERE IND_DBA_USER = 'YES!
AND GRANT_ATL = *woO¢
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12. AUDIT LOGGING

LGO1-

L602-

Every tuple in ADIT LOG references s tuple in COLUMN that references a tuple in R_TABLE for

which RT_TYPE = *BASE'
SELECT DTSTINCT 'LG01: LOGGING CAN ONLY FAKE PLACE ON BASE R-TABLES®
FROM AUDIT_LOG
WHERE (USER_MM_RT, RT_NM) NOT IN

(SELECT USER WM, RT_NM

FROM R_TABLE

,uuens RT_TYPE = 'BASE'

tuple in ADIT LOG is referenced by at least one tuple in LOG_PK_COLUMM.
SELECT DISTINCT 'LGOZ: AUDIT_LOG-TUPLE NOT REFERENCED BY LOG_PK_COLDMN-TUPLE®
FROM AUDIT LOG
WHERE AUDIT SEQ# WOT IN
(SELECT AUDIT_SEG# FROM LOG_PK_COLUMN)

The set of COLUMN-tuples referenced by tuples in l.mPKul.l.lIuﬂﬂl:l'l‘l.m for which
ANIDIT SEQF is the same, all reference the aame R_TABLE-
SELECT DISTINCT 'LGO03: LOGGED PRIMARY KEY COLUMN DOES NOT BELOIIG TO THE CORRECT R-TABLE!
FROM LOG_PK_COLUMN LPK
WHERE EXTSTS
(SELECT * FROM AUDIT_LOG LOG
WHERE LPK.USER_MM <> LOG. USER_NM_RT
, OR LPK.RT_NH <> LOG.RT_NN

For every tuple in ADIT_INTERVAL the columns DATE 10G OFF, TIME_LOG_OFF and USER MM LOG_OFF are
all either smrked or unmnrked.
SELECT DISTINCT 'LGO&: LOG-OFF DATA CANNOT BE PARTLY MARKED®
FROM AUDIT INTERVAL
WHERE ¢ DATE_LOG OFF IS NULL " a-merked */
AND ¢ TTIME_LOG_OFF IS NOT NULL /* not a-marked */
)OR USER_NM_LOG_OFF 15 NOT HULL /* not a-marked */

)}
OR { TIME_LOG OFF IS MULL * a-marked */
D ¢ DM’E_LDG_OFF 1$ NOT NULL J* not s-marked */
)l:l! USER_NM_LOG_OFF 1§ NQT RULL /* not a-marked */

)
OR ¢ USER_NM_LOG OFF IS NULL " a-marked */
AND ¢ DATE_LGG_OFF IS NOT WULL /* not a-marked */
OR TIMECLOGTOFF 1S WOT NULL 7* not a-marked */
)

13. DISTRIBUTED DATABASE

Doo1-

Every tuple in R_TABLE is referenced by at least one RT SITE-tuple.
SELECT DESTINCY TDDOt: R_TABLE-TUPLE NOT REFERENCED BY E‘I’_SI'I’E-TI.PI.E'
FROM R_TABLE
WHERE TUSER_WM, RT_NM) NOT IN

(SELEUT USER NM, RT_NM FROM RT_SITE)

Every tuple in RT_SITE is referenced by at least one COL_SITE-tuple.
SELECT DISTINCT 'DD02: RT_SITE-TUPLE NOT REFERENCED BY COL_SITE-TUPLE'
FROM RT_SIYE
WHERE (OSER_WM, RT_NM) NOT IN

(SELECT USER_NM, RT_WM FROM COL_SITE)
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The RT_SITE-columns RL_DXPR LG, RL_EXPR 6L and IND_REPLICA mumst not contain I-marks if and only
if the column RT_TYPE in R_TABLE = ‘BASE".
SELECT DISTINCT 'DDO3: COLUMNS RL_EXPR_LG, RL_EXPR_GL AND IND_REPLICA MUST (NOT) BE MARKED'
FROM R7_SITE
WHERE (
(USER_NM, RT_NM) IN
(SELECT USER_NM, RT_NM
FROM R_TABLE
)unsne AT_TYPE = 'BASE!
AND ¢ RL_EXPR_LG IS WULL /* j-marked %/
OR RL_EXPR_GL IS NULL /* i-marked */
)OR IND_REPLICA IS NULL /* {-marked */

(USER_NM, RT_NM) NOT IN
¢SELECT USER_WM, RT_NM
FROM R_VABLE
)HIIERE RI_TYPE = 4BASE®

AND { . RL_EXPR_LG 1S NOT NULL /* not i-marked */
OR RL_EXPR_GL 1S NOT NULL /* not i-marked */
)on IND_REPLICA IS NOT NULL /* not i-marked */

)

There exists at least ane SITE-tuple for which IND_CATALOG SITE equels *YES'.
SELECT DISTINCT 'DDO4: CATALOG SITE UNKNOWN '
FROM DUAL /* oracle's dunmy table */
WHERE 'YES' NOT IN
(SELECT IND_CATALOG_SITE FROM SITE)

Every tuple in USER is referenced by at least one USER SITE-tuple.
SELECT DISYIMCT 'DDO5: USER-TUPLE NOT REFERENCED BY USER_SITE-TUPLE'
FROM USER
WHERE USER_KM NOT IN

(SELECY USER_NM FROM USER_SITE)

Every tuple in SITE is referenced by at (east one USER SITE-tuple.
gstL'E‘C; IgéSTINCT 'DD06: SITE-TUPLE NOT REFERENCED BY USER_SITE-'H.PLE'
WHERE SITE_NM NDT IN

(SELECT SITE_NM FROM USER_SITE)

For every individml user for which IND_GDBA = *YES' the mmber of USER_SITE-tuples referencing
it equals the mmber of SITE-tuples.
gsgcasgl{snum 'DDO7: GLOBAL -DBA USER WUST BE KNOWN ASSIGNED TO EVERY SITE®
WHERE IND_GDBA = ‘'YES!
AND EXIETS
(SELECT * FROM SITE
WHERE NOT EXISTS
(SELECT * FROM USER_SITE
WHERE USER_NM = USER.USER_NM
; AND SITE_NM = SITE.SITE_MM

}
AND USER_NM NOT IN
(SELECT USER_GRP_NM
FROM USER
)ums USER_GRP_NM IS MOT NULL

The USER-tuple referenced by the SINGILAR-tuple has the value *YES' for IND_GDBA.
gELEC‘I’UsIE);STINCT *DDO8: CATALOG OWNER MUST BE A GLOBAL DBA!

ROM
WHERE USER NN = (SELECT USER_NM_CATALOG FROM SINGULAR)

AND IND_TDBA = *NO*

Every USER SITE-tuple that references a USER-tupie for which [ND_GDBA = ‘YES® has the value
*YES' for IWD DBA USER.
SELECT DISTINTT 'D009: GLOBAL DBA USER MUST BE KNOWN AS A DBA TO EVERY SITE!
FROM USER
WHERE IND_GDBA = ‘YES'
AND USER_NM IN
(SELECT USER_NM
FROM USER_SITE
WHERE IND_DBA_USER = 'NO*
)
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very Every tuple in FUNCTION is referenced by at leest one FUMNC_SITE-tuple for which IND_STORED =
SELECT DISTINCT 'DD10: FUNCTION IS NOT STORED AT ANY SITE!
FROM FUNCTION
WHERE (USEI! NM, FUNC_NM) NOT IN
¢SECECT USER WM, FUNC_WM
FROM FUNC_ STTE
)UIERE IDD_STORED = YESH

If » wer-defined function gratu on ific R-tables, these R-tables sust be known to the
site {via RT_RAAC) to which function is assigned (via RT_SITE).

SELECT DISTINCT 'DD11: A FUNCTION KNOWM 'I'O A SITE MUST BE USABLE AT THAT SITE®

FROM RT_FUNC  RTF,

FUNCTION FUN,

FUNC_SITE FS1
WHERE RTF.USER_NM_FUNC = FUN,USER_NM
AND RTF.FUNC_NM~ = FUN. FUNC_NM
AND FUN.USER_NN = FSI.USER_NM
AND FUN.FUNC_NM = FSI.FUNC_NM

AND FSI.SITE_NM NOT IN
¢SELECT SITE_NM
FROM RT_SIYE
WKERE USER_NM = RTF.USER_NM_FUNC
, AND RT_NK = RTF.RT_NM .

Every tuple in COND_ACT is referenced by st least one CA_SITE-tuple.
SELECT DISTINCT 'DDT2: COND_ACT-TUPLE NOT REFERENCED BY CA_SITE- TUPLE®
FROM COND_ACT
WHERE (USER_NM, CA_NM) NOT IN

(SETECT USER_NM, CA_NM FROM CA_SITE)

For every CA_SITE-tuple thet references a COND_ACT-tuple that is referenced by a KEY-tuple, the
columns that constitute the key (in KEY_COLLMN} sust also be knoun to the site (in COL_SITE).
SELECT DISTINCT 'DD13: APPLICABILITY OF | E-, R- OR ALTERNATE KEY CONSTRAINT REQUIRES

ALL KEY-COLUMNS TO BE KIII:IN AT THE SITE!
FROM CAKEYSITE CAS,

WHERE CAS.USER _NM = KEY.USER WM
AND CAS.CA_NH = KEV.CA_NR
AND EXISTS™
(SELECT * FROM KEY_COLUMN KC
WHERE KC.USER_NM > KEY,USER_NM
AND KC.RT WA = KEY.RT _NH
AND KC.XEY M = KEY XEV_NM
AND NOT EXTSTs
CSELECT * FROM COL_SIYE €LS
WHERE CLS.USER_NM = KC.USER_NM
AND CLS.RT_WH = KC.RT_NM
AND CLS.COL_NM = KC.COL_WM
AND CLS.SITE_NM = CAS.SITE_NM

)

For every CA_SITE-tuple that references a COND_ACT-tuple that is referenced by a RT_CA-tuple,
the R-tables designated by these tuples mmt also be known to the site {in RT_SITE).
SELECT DISTINCT *DD%4: APPLICABILITY OF USER-DEFINED COMDITIONAL ACTION REQUIRES ALL R-TABLES
TO BE KNOWK AT THE SITE!
FROM CA_SITE CAS,
RT CA RTC
WHERE CAS.USER_WNM = RTC.USER_NM |_CA
AND CAS.CA_NN = RTC.CA_NH
AND NOT EXTSTS
(SELECT * FROM RT_SITE RTS
WHERE RTS.USER_NM = RYC.USER_NM_RT
AND RTS.RT_NN = RTC.RT_WW
AND RTS.SITE_NM = CAS.SITE_NM

For every CA_SITE-tuple that referems a COMD_ACT-tuple that is referenced by a CoL_Ca-tuple,
the columns designated by these tq; es mmt also be known to the site {in COL_SITE).

SELECT DISTINCT ¢DD15: APPLICABILITY OF USER-DEFINED CONDITIONAL ACTION REQUTHES ALL COLUMNE TO
BE KNOWN AT THE SITE*

FROM CA_SITE CAS,

COL_CA CCA
WHERE CAS.USER_MM = CCA.USER_NM_CA
AND CAS.CA NM = CCA.CA_NK
AND NOT EXTSTS
(SELECT * FROM cm. SITE CLS
WHERE CLS.USER_NM = CCA |
AND CLS.RT NN = CCA.RT_MN
AND CLS.COL NM = CCA
AND CLS.SITE_WM =
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For every CA SITE-tuple that references a COND_ACT-tuple that iz referenced by a COLUMN-tuple,
the columw desigated by these tuples must also be knoun to the site {in COL _SITE).
SELECT DISTINCT 'DD16: APPLICABILITY OF COLUMN OR MARK CONSTRAINT REQUIRES THE COLUMN TO BE
KNOWN AT THE SITE®
FROM CA_SITE CAS,

coluMi coL

WHERE CAS.USER_NM = COL.USER_NM

AND ( CAS.TA_NM = CoL.TA_WM_C
)on CAS.CANM = COL.CA_NM M
AND NOT EXISTS

(SELECT * FROM COL_SITE CLS
WHERE CLS.USER_NM = COL.USER_WM
ARD CLS.RT NN = COL,.RT_NW

AND CLS.COL WM
) AND CLS.SITE_NM = CAS. SI'I'E M

For nu? COMD_ACT-tuple that is referenced by & DOMAIN-tuple, the nusber of CA_SITE-typles
referenc it equmls the mmber of SITE-tuples
SELECT DISTIIICT 'DD17: DOMAIN CONSTRAINT MUST BE ACCESSIBLE AT EVERY SITE®
FROM COND_ACY CA
WHERE (USER_NM, CA MM} IN
(SETECT USER_NM_CA, CA_NM
FROM DOMAIN
WRERE CA_NM 1S NOT NULL /* a-marked */

)
AND EXISTS

(SELECY * FROM SITE

WHERE NOT EXISTS
(SELECT * FROM CA_SITE
ums USER NM = TA.USER_RM

CA NK = CA.CA_NM
m srT MM = SITE.SITE_WM

)

14, DATABASE STATISTICS

sST01-

The column RONCOUNY in RT_SITE mst not be I-merked if and only if IND_REPLICA = *YES' or
RL_EXPR LG is not I-marked.

S:EE‘C;TF;?;EHCT ‘STO1: ROWCOUNT MUST BE I-MARKED OR MUST NOT BE I-MARKED'

F —

WHERE (
ROWCOUNT 1S NULL /* i-marked */
AND (  IND_REPLICA = 'YES!
OR RL_EXPR_LG IS NOT MULL /* not i-marked */
)

ROWCOUNT IS NOT NULL /* not i-marked */
AND {  IND_REPLICA = 'ND’
OR IND_REPLICA IS NULL /* i-marked %/

)
’AIID RL_EXPR_LG IS5 NULL /* i-marked ¢/

The column DCOLCOWNT in COL_SITE sust be i1-merked if and anly if the column ROUCOINT in the
referanced RT_SITE-tuple is also i-marked.
SELECT DISTINET *$T02: CORRESPONDING ROWCOUNTS AND DCOLCOUNTS MUST BOTH BE I-MARKED

OR HOT I-MARKED®
FROM RT_SITE RTS,
CoL_SITE (LS
WHERE RTS.USER_NM = CLS.USER_NM
AND RYS.RT NW = CLS.RT WM
AND RTS.SITE_NM = CLS.SITE_WM

AND ¢
¢ RTS.ROWCOUNT IS NULL " i-marked */
AND CLS.DCGLCOUNT IS NOT NULL /* not i-marked */
)
OR
{ RTS.ROWCOUNT IS NOT MULL /* rot i-marked */
)MD CLS.DCOLCOUNT IS NULL I* i-metked */

)
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The column DLOLCOUNT in COL_SITE must not exceed the column ROUCONT in the referenced RT_SITE-

8.
SELECT DISTINCT "STO3: DCOLCOUNT MUST MOT EXCEED CORRESPONDING ROWCOUNT®
FROM RT_SITE RTS,
COL_SITE CLS
WHERE RTS.USER NM = CLS.USER_NM
ARD RIS.RT NW = CLS.RT_NW
AND RTS.SITE_WM = CLS.SITE_WM
AND RTS.ROWCOUNT < CLS.DCOLEOUNT
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Appendix C A Critique of the RM/V2 Catalog Model

The aim of the manifesto is to present a first proposal for an RM/V2
catalog standard, not to assess or criticize RM/V2., Only where RM/V2
constructs or Codd’'s opinions on the use of RM/V2 interfere with what the
authors believe to be pgood database design, relevant remarks have been
inserted in the text.

In this appendix, an attempt is made to identify some other problem areas
in RM/V2. More specifically, we are interested in issues that effect the
catalog's structure. Some of these issues are well known, others are not, A
numbey of issues have been discussed in detail in [VELD%1b], albeit in a
different context. The purpose of this appendix is only to identify aspects
of the catalog model that may prove to be unstable, in order to focus
attention on these aspects. It is not the authors'’ purpose to offer an in-
depth analysis or to provide design altermatives at this peint.

1. DOMAINS

In {CODD90], the importance of domain support is amply discussed.
Unfortunately, the attention is focused at the extended data type aspect of
the concept. The fact that a domain can also be seen as a pool of values is
almost entirely ignored. If the catalog model provides proper support for
this latter aspect, end-users can easily query the catalog to obtain
information about the data values permitted in a given column. Domain and
column constraints expressed by RL-statements can hardly be expected to
serve the same purpose. MNoreover, if the catalog can accept comment
information sbout domains whose values are enumerated (in DOM_RANGE), it
becomes possible to abolish all R-tables consisting of a primary key column
and a descriptive column. Many application databases are littered with such
R-tables.

As section 9 shows, semantic overrides are needed to express a number of
user-defined constraints on the catalog model. It is hard to predict
whether such semantic overrides are a common phenomenon in the area of
application databases. If so, database designers will probably prefer
RM/V2-implementations that enforce the semantic override facility less
strictly.

A dubious feature of RM/V2 is the possibility to define multiple primary-
non-foreign key columns on one primary domain. The authors feel that this
feature, in combination with the feature that allows database designers to
define multiple primary keys as the target of one foreign key, gives the
database designer ample opportunity for suboptimal database designs. The
examples in [CODD30] in which the feature is exploited are clear examples
of such designs (see [VELD91lb]).

2. KEYS

As discussed above, the authors feel that a foreign key should not be
allowed to reference more than one primary key. Codd’s definition of
referential integrity is also too lenient in the fact that it allows
columns that constitute a composite foreign key to be partly A-marked. If,
as the authors believe, this facility is rarely needed, the database
designer has to specify an additional user-defined constraint asserting
that either all key columns that constitute a foreign key are A-marked or
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unmarked.

RM/V2 forbids foreign key columns to be I-marked (constraint BMl4) because
"... such a mark contradicts the foreign key concept" [p. 175). The authors
feel that Codd’s position is debatable because non-foreign key columns can
easily become foreign key columns., Take for example the R-tables EMP and
JOB that contain information about a companies employees and their jobs:

EMP(EMP#, ..., JOB#, CAR#)
JOB(JOB#, ..., COMP_CAR INDICATOR)

It is assumed that a company car is assigned to employees performing
certain jobs. It seems thus appropriate to assign an I-mark to the columm
CAR# if the EMP-tuple references a JOB-tuple for which COMP_CAR INDICATOR
equals 'NO’, while an A-mark will be assigned to CAR# if COMP_CAR INDICATOR
equals ‘YES' and the employee's car registration number is currently
unknown,

Now suppose that the database is to contain car data other than the car’s
registration number. If the database is to remain in 5NF, an extra R-table
will be added teo the database with CAR# as its primary key. It is wvery hard
to see why the column CAR# in EMP, that now constitutes a foreign key,
cammot accept l-marks any more.

3. CONDITIONAL ACTIONS
In section 7, some problems with respect to the treatment of conditional
actions have been discussed. Constraint classification is in the authors’
view a very important topic. GCodd’s reliance on RL as the only tool for
expressing constraints leads to a number of problems.

First, catalog supported constraint classification prevents the database
designer from overlooking relevant constraints. Ome rarely encounters
database designs in which referential integrity constraints have been
overlooked, while overlooking user-defined constraints is a common
phenomenon.

Second, catalog supported comstraint classification prevents the designer
from coding a large number of constraints. For instance, if all constraints
of types E, R, and D' were expressed in SQL in appendix B, the appendix
would be much longer., Instead, the form of these constraints can be
inferred from the catalog’s contents by programmers and application users
as well as by the RDBMS {itself. The RDBMS can easily translate these
constraints to RL-statements in order to enforce them.

Finally, catalog supported constraint classification makes it easier for
both the RDBMS and the database designer to interpret the semantics
represented by the database structure. Few designers will question the
statement that a version of relational model without entity and referential
integrity would lower their productivity and the quality of their work. If
so, classifying more constraints will improve productivity and quality of
database design. Obviously (and unfortunately), the law of diminishing
returns and the subjective nature of what constraints are liable for
classification pose large problems in this respect. Perhaps it is best to
leave it to RDBMS- and dictionmary-vendors to provide support for
generalized constraints that, in their opinion, occur frequently. Support

The D-type constraints referred to are those constraints that
are fully specified by the contents of their DOM_RANGE tuples,
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for such constraints can then be supported by the catalog model with some
specific extensions.

4 very difficult problem is caused by the possibility that a conditional
action triggers other conditional actions. If a conditional action triggers
database updates, it is quite possible to inadvertently generate deadlock
situations. Moreover, the sequence. in which the constraints are executed
may influence the database state after the transaction. Codd himself is not
very optimistic about automated support for detection of these situations
[p. 266]. The authors’ opinion is that the prospect of a future in which
Database Management Systems become unmanageable trigger mechanisms is not

very appealing.
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