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Abstract

According to the authors, Hugh Darwen and C.J. Date, of tio& batitled“Foundation
for Future Database Systems; The Third Manifesto” the madliogical differ-
ence are big differenceand its corollaryAll logical mistakes are big mistakéss
been central to their work on this book. Respecting the st@hset by this maxim
and its corollary, this paper will proceed to identify a nuambf issues with the
logical consistency of the dissertation presented in ThigdTklanifesto, using
maxims such astogical conclusions should only be drawn from premises tvhic
are both valid and relevant.
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Introduction

1.1 Background information

A web page at http://www.gittens.nl/OOR.html raised a nemtf issues the author
found with the logical consistency of the dissertation presd in the second edition of
the book “Foundation for Future Database Systérbg’C.J. Date and Hugh Darwen.
In a personal communication Mr. Hugh Darwen, requestedrifglemy use of certain

English words and also that | be more specific as to the issioesmtl with the disser-

tation presented in The Third Manifesto. This paper is emiths an attempt to comply
with the request of Mr. Darwen.

The main issue and my primary claim

The main issue | perceive, with the logical consistency efdlssertation presented in
the Third Manifesto, follows from the maxim Date and Darweegented as central to
their work in The Third Manifesto. Date and Darwen presetiednaxim:All logical
difference are big differencesd its corollanAll logical mistakes are big mistakes a

1This paper will refer to this book as “The Third Manifesto”.



guiding principle in their work on the Third Manifesto. Thaifd Manifesto proceeded
to identify what it refers to as the Two Great Blunders :

e Equating relvars and classes

e Mixing pointers and relations (or more specifically allogidatabase relvars to
contain object IDs)

However, in my humble opinion, the argumentation used tauttiate the claim that
the alleged blunders are truly to be viewed as blunders isadvat weak This opin-
ion is based on the following maxintogical conclusions should only be drawn from
premises which are both logically vafidand relevant Put another way, keeping in
mind the maximAll logical differences are big differencdsgically valid conclusions
are conclusions based on premises free of fallacies, imgjfdllacies of relevancé.

I think it important to state explicitely, that my claim inishregard, is not that
Date and Darwen arerong in their opinions. My claim, in this regard, is that the
substantiatiorthey provide as justification for their statement that tHeged great
blunders are indeed great blunders is rather weak, relagitiee high standard they
claim to be central to their work.

Secondary issues and my secondary claims

In this regard the question is asked whether or not the allége great blunders are
indeed blunders. This subject matter will be addressedlisesyuent sections of this
paper.

1.2 On apersonal note

| think it appropriate to state my appreciation for the faettMr. Hugh Darwen has
thought it appropriate to spend time communicating with imeua the issues | raised.

2 About the claims made by the author

2.1 Regarding the first great blunder

The first allegedyreat blundeiidentified in The Third Manifesto follows:
Equating relvars and classes

Now please consider the questidthat arguments that adhere to the strict discipline
of logic does The Third Manifesto provide for the claim thastequation is indeed
a blunder? In considering an answer to this question it is noted that thain? is

2| invite the reader to verify for herself or himself, that Thieird Manifesto providesio logically valid
arguments justify the labeling the presented propositastblunders”.

3A logically valid premise is one that is substantiated imtgiof mathematical logic.

4or layering violations, if you prefer.

5Also much of the argumentation which supports this clainmithis section of the book



first made on page 15 of second edition of the Third Manifestoich by its own
admission (on page 14) is informal in nature. Still lackinghathematically sound
definition of what arobject clasds, page 21 decides that object classes and domains
are, | quote:“the same thing" Since the statement is made in an informal context,
one wonders if classes and domains are informally the saimg dh also formall§ the
same thing. The reason given to substantiate the claim bjettclasses and domains
are determined to be the same thing is presented as the &éottboth, domains and
object classes, it holds that their values are manipulayeabierators defined for the
type in question. However, the same argument can be madelédions.|s it not the
case that relations values are manipulated by a set of opesalefined specifically
for their types Yes, relation types have a set of pre-defined operators, tthiemake
them logically different from a specific class of domains gthhave a pre designated
set of operators? No, it does not! OK, since this argumenasi said to be informal,
the author proceeded to seek out, the formal argumentsmniessdor labeling the first
great blunder as such. Apart from reiterations of the alldgst great blunder, no such
argument has currently been found by the authakdditionally, Date and Darwen,
seem to assurfighat there is one so-callaight way, in which objects and relations
should be integrated. Does not the discipline of logic déthat one must prove, that
there exists only one right way, before one could even claiprovidethe one right
way? Is it not possible that there are different ways, eath ité own merit, to achieve
the integration between objects and relations?

2.2 Regarding the second great blunder

The Third Manifesto identifies the second great blunder as:

Mixing pointers and relations (or more specifically allowgidatabase rel-
vars to contain object IDs).

Using the index of The Third Manifesto | have found the follog/reasons why object
IDs or referencesare unwanted by Date and Darwen.

1. Codd’s information principleAll information in the database at any time must
be cast explicitly in terms of values in relations and in nioastwayor All inter-
relating between different parts of a database must be &elidy comparison
of value

2. The reason Codd removed pointers from the relational risd¢ated asit is
safe to assume that all kinds of users [including end usepaiticular] under-
stand the act of comparing values, but that relatively fewarstand the com-
plexities of pointers [including the complexities of refiecing and dereferencing

6as in mathematically equivalent abstractions

1 will gracefully, acknowledge being in error if such argumedo exist.

8on page 14 of the second edition of the Third Manifesto

9There seems to be some confusion that object IDs, referemzkpointers represent one and the same
thing. It should for example, be recognized that identitg property of every element of a mathematical set.
Confusing the identity of an object and the notion of a pairge logical error



in particular]. The relational model is based on this fundamal principle...
[The] manipulation of pointers is more bug-prone than is #wt of comparing
values, even if the user happens to understand the cometeaftpointers.

3. On page 417 of the second edition, the paragraph entit®@@JECT IDS UN-
DERMINE INHERITANCE “

Concerning the first two points | ask the questi@f:what logical value are these ar-
gument8!®The fact that Codd rejects pointers on the grounds that treydifficult

to understand" and "bug-prone" is of no logical value, andwh in the context of
providing a justification for the so-calleskcond great blundethese arguments rep-
resent a fallacy of relevance. This is not to say that thestaht is not true by some

measure. Itis only to say that such statements do not préegieally valid grounds
for the dismissal of object-IDs.

Concerning the third point, the following issues:

e First, a fallacy is exposed by this quote from the page refezd:“Pointers can
lead to a serious problem if type inheritance is also supgditt This provides
the in-site that Date and Darwen confuse object identitypoidters.

e Second, they proceed to describe a problem with objectitgeartdtheir inher-
itance model. It is a fallacy to assume that this problem weaxist with some
other inheritance model.

These two points identify the third reason supplied for tisenissal of ObjectIDs as a
fallacy.

More on identity

Please consider the position of Hugh Darwen on identity as# presented in a per-
sonal communication [ref 3].

We do not recognize any concept of identity of a value v othantv
itself. A truth-valued expression of the form x =y is true ifdaonly if

the values denoted by the expressions x and y are identieah éact one
and the same value. Given equality, we do not need any otherepd
to do with distinction of values. In case the distinction yare referring
to is the one found in some OO programming languages, | rethatkn

such languages equality is as in our definition (though "=Sdmetimes
sacrificed, with unpleasant consequences, in favor of aratgrawith the
same name but meaning "approximately equal to"), whereasyau call

identity is equality of pointers (usually called object miifiers), and a
pointer points to a variable, not a value. As you note in yoenywext
section, we do not admit pointers.

10The reference ttogical value of an argumermefers to the degree in which an argument can be used to
draw logically valid conclusions



Identity is a fundamental property of all things by whichyttean be counted. If el-
ements of mathematical sets did not have identity they wbeldiot be countablé.

To put this another waydentity can be viewed as a property of an element of a set
Equality on the other hand, is@rrespondenceetween two or more elements of a
set. For example, ifvy,vo ..., Vn} represents a set of relation variables. Each variable
in this set has a distinct identity, otherwise it would notgmssible to distinguish it
from other variables in this example set. The identity oktheariables is orthogonal
to the issue of whether or not some of these relation vaisadie equal or not. And for
the sake of completeness | wish to state that it should beeptitiat the fundamental
concept ofidentityhas nothing to do with the conceptpdintersas they are known in
different programming languag®s

3 About Predicates, Relations and their identity

This section presents what is in the opinion of the authoga#dly sound motivation
for the support of identity in future databases. To complthwdugh Darwen’s request
for specific examples | start with some examples.

3.1 Some examples

Consider some example functionality. Let,rvs...,rvg be relation variables of the
same relation type. Lek, V..., v be the relation values of/1, rvs...,rvg. | would like

to be able to ask the equivalent of following questions indhery language of the
databaseWhich set of relation variables has the valye @r which relation variable
has the greatest number of tuples with a particular properifhe database system
would in turn respond with @roperly typedset of identities corresponding with the
result of the query. The catalog of common SQL-databasestrhgused for such pur-
poses however, in current relational database systemggihe of the objects returned
would, as you know, be incorrect. This forces people workingpusiness-repositories,
data-mining applications etc, to build much logic into tregdplications which, in my
opinion, should be gracefully handled by databases of thuedulf the result of a query
can be an entity representing a relation variable, or a typa,tuple variable etc, the
logical expressivene$sof the database is increased. If the information in the ogtal
of relational databases were properly typed much of thessarg machinery would be
present in database systems.

USimilarly, symbols in mathematical strings also have iientin the string "aad’ there are three in-
stances of the symbal each with their own identity. The fact that the symbols atetted same, is not
relevant to their identity in this string.

120f course, based on the identity of objects, pointers calindisish between them. But this does not
equate pointers to identity.

13In this regard a formalisnfy is said to benore expressivéhan a formalisn, when the set of statements
that can be represented usifigis a super set of the statements that can be representedfusing



A new operator

An operator which in my opinion is necessary, in one form @ thher, in future
database is théoreachoperator. This would be the database counter part of the uni-
versal quantifier operator known from predicate logtéHopefully self-explanatory,
informaf*®> examples, using this operator in an SQL like language follow

| Example statement | Description
foreach relatiom select * fromr; select all tuples in the default schema
foreach relatiom in schema example_schema delete frgm | remove all tuples from relation variables in a s
foreach relatiom in schema example_schema delgete drop all relations from a schema
foreach schemaforeach relatiom in s select * fromr select all tuples in the database
foreach relatiom select * from attributes] select the attributes of all relations
foreach relatiom where r.someProperty() == true select * from select all attributes of relations with some pro
It is important to note that thiypeof r in a statement likeforeach relationr.... is a

relation type The logical variable is said to be bound to a predicate constant, repre-
senting thédentitybut not the propositional value of the predicéte

Please note that supporting thereachoperator implies that , SQL statements like
ALTER and DROP statements may be replaced by appropriateaiddPDATE and
DELETE statements. Thus showing, these and similar, s&its1o be redundant.

3.2 Introduction to predicate logical models

A modelM for a first order predicate logical langualgés a pair(D, 1) such that :

e D represents the domain of discourse of the mddielThis is the set of objects
which can be bound to variableslinIn relational systems, objects in the domain
of discourse may be viewed as domain values. In relatiorsibsys, domains
partition the domain of discourse into a set of of disjoinvsets. Such that the
union of the set of all domain values in a RM database is exadlial to the set
of objects inD.

e | represents the interpretation function of the maddeBincel is a mathematical
function it by definition has a domain and a co-domain, deshotem(l) and
codonil) respectively.

In first order predicate logic each objetin the domain of discourd® has an associ-
ated constarttin the predicate logical languagievhich represents it in the langualge
Using the interpretation function each predicat® of arity n in the predicate logical
languagd. assigns the property representedtp a set ofn tuples{ts,...,tx} where
eacht; (1 <i <Kk) can be written ag = (di, ...,dn) where eacht; is an object in the
domain of discoursB. As an example let us consider a mohlefor a predicate logical
languagd. with constantg a,b,c, Mark,Jane and predicate¢odd,love missrich}.
In this example the domain of discourBeof M is D = {1,2,3,"Mark”,”Jan€ },

14n the context of databases | would suggest this operatorsbd for quantifying objects which are
elements of the domain of predicate logical interpretafiorctions.

15and thus appealing to the goodwill of the reader

18The following section will elaborate, so that the distinatibecomes clear



while an example interpretation functiérfor M is presented in the following table.

[ dom(l) | codondl) |

a 1
b 2
c 3

Mark "Mark”

Jane "Jané€

love | {("Jané€,"Jan€),("Jan€,”Mark”)}

miss {("Mark”,”Jané )}

rich {"Jané€ ,"Mark™ }

odd {1,3}

This example represents statements like:

e Jane loves both herself and Mark
e Mark misses Jane

e Jane and Mark are both rich

The identity of the predicatdove captured by the predicate constdmte which, in
the example above, appears in domain of the interpretatiootibn!. The propo-
sitional valueor thevalue of the predicatdove in this example, is the set of tuples
{("Jang,”Jané),("Jane,"Mark”)}. When the Third Manifesto speaks of the rela-
tion value it is referring to the propositional value of agicate. In this exampleve
andmissare binary predicates, so the interpretation functionaps them to sets of
binary tuples. The interpretation functibrmaps the constants in the langudge®
elements oD and unary predicates are mapped to subseis dhe information con-
tained in the interpretation function of a predicate loginadel can be viewed as the
predicate logical equivalent of a database. Relationalalycan thus be viewed as
an algebra defining operations on a subset of the co-domaitespretation functions
of predicate logical models, more specificalfational algebra defines a number of
operations on the propositional value of predicates

3.3 Why is identity deemed a necessity?

The predicate logical languadiein the previous section was based on the object con-
stants{a,b,c,Mark,Jang} and the predicate constantsdd,love missrich}. Now
please notice that theo-domainof the interpretation functioh in the previous ex-
ample contains no appearances of either object constapt®dicate constants. Put
another way, there are no appearances of elemenitsrafl ) in codon{l). The reason

for this is quite simply that First Order predicate loficloes not allow object con-
stants and predicate constants to be part of the domain aduliseD. As far as my

understanding reacheSpdd’s information principle is, at least in spirit, reféng to
this fact

1"The same is true for higher order predicate logic



When value substitution is not enough Now please consider a modified interpre-
tation function as an extension of the previous examples €kample will attempt to
illustrate that by allowing so-called predicate constaatappear in the co-domain of
the interpretation function, more sophisticated logitatements can be matfe

| dom(l) || codon{l) |

a 1
b 2
c 3

Mark "Mark”

Jane "Jan€

love | {("Jan€,misg,("Mark’,love)}

miss {("Mark”,”Jané )}

rich {"Jan€ ,”Mark™ }

odd {1,3}

In this example the predicateve is used to make the statement thédrk loves
to loveand also the statemedéne loves to misNotice that it would be incorrect to
substitute{ ("Mark”,”Jan€ )}, which is the propositional value of thaissrelation,
for the predicate constantissin this example? Such a substitution would represent
the claimJane loves the set {(“Mark”, “Jane”), which is clearly a different statement
than the statemedane loves to miss.

Of course one could argue that such expressiveness is negs@y. This however,
does not seem prudent when the purpose is to define a foundatimture databases.
By allowing predicate constants into the domain of disceutraow becomes possible
to ask question likeWhat does Mark love to do®r Select all the people who like
to love people or miss peopémnd alsowhat do people love to dolPwould hope that
models for future databases, how ever they are called, watukshst define operators
which allow, the manipulation of and access to, objects @mdbmaindom(1) of the
interpretation functiorl. It is also desired that predicate constants are added to the
domain of discourse-?

Generic data-mining applications which search for “trénddatabases, generic
business repositories, generic database applicationshwhtomatically generate user
interfaces allowing user friendly access to databasealjigent agents which master
the art of speech, etc. are examples of applications whiahdimenefit from this.

3.4 Summary

The fact that The Third Manifesto rejects constants reptasgthe identity of objects
in databases is in my opinion a logical error and as a conseguebig mistake. This
rejection of identity is a logical error on the following auts:

187 superset of higher order logical calledtensional type logits based on allowing predicate constants
in the domain of discourse.

19This is to say that in my opinion future databases such beyfibased on extensional type or intensional
type logic. At least by supplying the necessary primitives @llow extensional and intensional phenomena
to be captured.



e The Third Manifesto rejectislentityon grounds which are not relevant in math-
ematical logié®

e Key concepts like relation variables and candidate kepsarrecognized within
the relational algebra of The Third Manifesto. Since thesgcepts are, accord-
ing to The Third Manifestarequiredin future databaseg is an error to not give
them a sound mathematical foundafién

¢ In the definition of a tuple value, it is evident that tupleuss include an object
identifier called arattribute name Contrary to what is claimed by Date and
Darwerf?, the value of a triple, or tuple with a arity of three, repregsy an
attribute does not define its identity. The object identidittribute nameadefines
the identity of this triple in a tuple because it is thgribute namehat must be
unique?®

Adding insult to injury, the rejection of identity also litsithelogical expressiveness
the algebra upon which future databases are might be bakesbdinion has been sub-
stantiated by illustrating the correspondence betweetioelal and predicate logical
knowledge representation models. In terms of relationtwise systems the follow-
ing suggestions are made in this regard:

o Allow for a properly typed equivalent of predicate constamepresenting the
identity of a predicate. Properly typed object identifiexs/e this purpose well.

¢ Allow for operators which provide access to, and the mamipah of, the equiv-
alent of the domain of predicate logical interpretationdtions’.

4 On the expressive equivalence of relation values and
tuple values

4.1 Introduction

This section will show that every tuple value has a corredpanrepresentation as a
relation value. Conversely every relation value will bewhdo have a corresponding
representation as a tuple value. This exercise will be padd using liberties allowed
by The Third Manifesto.

20For some reason unknown to the author, Date and Darwen eigeatity to pointers.

210therwise, many could claim that The Third Manifesto jud@ésiect Oriented Systems by different
standards than relational ones

223ee quote in section 2.2

23Als0, please see the next section for an illustration tHagrgthe liberties provided by The Third Man-
ifesto, tuple values and relation values are appearanaasecdind the same thing

24No, the catalog of commercial relational databases doegetat right. Have you ever noticed that,
given the operators of relational algebra, it is imposstblperform a trivial operation like selecting every
tuple in a relational database?

10



4.2 Defining tuple values

Let us consider tuple values and relation values as they efired in chapter 3 of
The Third Manifesto. A tuple is defined as a set of ordered triplgsT,V) called
attributes Such that:

e | is an identifier called theameof an attribute. No two attributes inshare a
common name.

e T is an identifier representing the type of an attribute.

e Vis avalue of typd, called theattribute value

The set of pairs obtained by eliminating the attribute vétam triples int is called the
headingof t. The heading of a tuplewill be denotedheadindt). When the purpose
is to show that Relation values and Domain values are basi@ppearances of one
and the same thing, one is inclined to demonstrate that datjae value can also be
represented by a set of triples. So, please read on...

4.3 Defining relation values
The Third Manifesto defines a relatioras a pairh,b) where :

e hrepresents the headingfThe headindn is defined to be a tuple heading.

e brepresents the body of b is a set of tuples all conforming to the heading

In the following it will be demonstrated that every relatizalue?® can be represented
by a mathematically equivalent tuple vaifie

4.4 Showing that all relation values are tuple values

The purpose of this section is to illustrate that, by therlibe provided by The Third
Manifesto, all relation values are tuple values. Let (h,b) be a relation value with
headingh and bodyb. Since tuple values are sets of ordered triples it becomessne
sary to demonstrate that all relation values are similayesentable as sets of ordered
triples. The bodyb of the relationr will now be defined as a sé$ of ordered triples
(1,T,V), such that:

e | is an identifier called anbject identifier
e T is an identifier representing name of a type.
e Vis avalue of typd .

To insure that this set of triplgs forms a valid tuple the following conditions must
hold for all triples(l, T,V) ints:

25under the definition of relation values dictated by The Thitahifesto
26under the definition of tuple values dictated by The Third Ntsio

11



e no two object identifiers insare equal

o the typeT is defined to have the same type as the heading tfe, which is to
say: T = headindr).

e Vis atuple value of typd.

When these conditions holts will be a valid tuple, containing the same information
found inr. Can this exercise not be performed for any and every relattue?

4.5 Showing that all tuple values are relation values

Lett be a tuple value the heading of which is dendteddindt). A relation value
r = (headindt),t) is quickly recognized as a relation value which is in no ladjic
significant way different front.

4.6 Summary

This section illustrated that tuples and relations as défine The Third Manifesto
are appearances of one and the same thing. This impliesrtmatef logical point of
view, only one of the two concepts is a necessity. Noticirgf tnser defined types
in principle, allow types of arbitrary complexity suppaigi a diverse set of operators,
domains, as defined by the Third Manifesto would seem to bentbst general of the
types supported by The Third Manifesto. Domains have beeated to object classes
by The Third Manifesto, it is interesting to contemplate libgical implications these
of findings.

5 Conclusions
With regard to the subject matter of this article the follogiconclusions are drawn:

e The Third Manifesto, has provided no logically valid sulngi@tion for the claim
that the allegefirst great blundeiis indeed a blunder.

e The Third Manifesto, has provided no logically valid sulosiztion for the claim
that the allegedecond great blundés indeed a blunder.

e From the perspective of the relational algebra presentétiénthird Manifesto,
therequirementhat each relation variable must have at least one candidgte
is an arbitrary one.

¢ In the relational algebra of the Third Manifesto identityrégected by Date and
Darwen, while it is reified, as quirementin the form of candidate keys in a
context foreign to this relational algebra. This fact makesrejection of identity
in relational algebra, an arbitrary one.

12



e Domains, which have been equated to object classes by Thid Tainifesto
have been established to represent a more general claspesf ttyan relation

types.

e By rejecting identity in the algebra of future databaseeayst The Third Mani-
festo also limits the logical expressiveness of future lolzdas.
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