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ARESTRACT

My earlier paper TRI/EFC-4 from The Relational Institute on this
subject was published in ACM SIGMOD Records, December 1986. A3 a
results I have received several comments and proposed changes.
The purpose of this paper is to respond to  these items. while
continuing to place heavy emphasis on the semantic aspects of

missing information. The response 1s principally further
explanations but a few changes of & quite minor character are
proposed. In this -paper the reader is assumed to have read
TRIJEFC—4.
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1 Referential integrity

The definition of referential integrity in TRIZVEFC-4. page 6
corresponds closely to my 1979 definition presented on page 400,
Secticon 2.1 of [11. It is as follows:

lLet D be a damaivn from which one or more single—attribute primary
keve draw their values. Let K be a foreign key, which draws ite
values Trom domain D. Every unmarked value which ccowrs in K
must also exist in the database as a value of the primary key of
seme base relation.

Referential integrity defTined in this way applies to pairs of
simple keys only {(primary key P and foreign FEDY. “"Simple key" in
thisz context means a key consisting of a single attribute f{(or
column? . The question arises: “Why not apply this integrity rule
toe pairs of keys (primary and foreign) which happen to be
compound  {each of which consists of twe or more attributes)?"
Let us look at an example.

Suppcse a database contains the following relaticons:

RELATION MEANING FRIMARY KEY
R1 suppliers S#
2 parts P
R3 the capabilities of suppliers
to supply partes including price
and delivery (S P
R4 orders for parts placed with
specified suppliers, including
date order placed (S#s F#: DATED

To aveoid an extra relation and keep the example simples assume
that every order ie a one—-line order (that is, an order for just
cne kind of part) and that it is impossible for twe orders with
the same order date to refer to identical kinds of parte.

Suppose that each of two companies has a database of this kind.

However, in company A the relation R3 is used. as advisory
informationy, and theire i1s no reguirement that every combination
of (SH.FH#) which appears in R4 must appear in R3. In company R,

on the other hand, R3 is used as controlling information: that
is, if an order is placed for part p from supplier s, there must
be at least ore row in relation R3 stating that p ise cbtainable
from ss  and which incidentally indicates the price and speed of
delivery. 0Of course, there may be ather rows in RZ stating that
p is obtainable from other supplievs. Thuss the application of
referential integrity to the combination (8#.F#) as primary hkey
in R3 and foreign key in R4 would be inapplicable in company R.
but applicable in coempany H.

There are two ways in which this example (and similar ones) ccoculd
be handled:
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1) Make the referential integrity rule applicable to all FE-FE
pairs of keys (whether simple or compound) for which one hkey
Fii  1is declared tcoc be primary, and the other key FK is
declared to be foreigni  in company B, declare the (8#,F#)
combinaticn in R4 as a foreign keys, which has as ite target
the (S#.,F#) primary key of R3: in company A aveold alto-
gether the declaraticn that (S#.F#) in R4 is a foreign keys

2) Make the referential integrity rule applicable to simple FE-
FE pairs of keys onlys and veguire the DEA to  impose a
referential constraint on just those compound FE-FE paivs of
keys for which the constiraint happens to be applicable in
his company -— by specifving a user-defined integrity
constraint, expressed in the relational language.

Method &) complies with my 1979 definition of referential

integrity and with sy pre-1979 definition of the foreign key
concept. In addition, metheod 2) is cleaner than 1), both in use

and in DENS implementation, because it separates the the foreign
key concept From the movre complicated referential integrity
concept. Thus., method 2) is adopted.

Feferential integrity should be implemented as far as possible as
a special case of user—~defined integritys, because of their
similarities. For examples, one such common need is to give the
DEA cr other authorized user the freedom to specify linguistic-—
ally how the system is to react to any attempt to viclate these
integrity constraints, whether the constraints are referential or
ueer—defined.

Furthers: it should be remembered that referential integrity is a
particular application of a subset conetraints namely that the
set of distinct simple FE values should be a subset of the set of
distinct simple P values dvrawn from the same domain. Subset
constraints may, however, apply between other paivs of attributes
alsc {(e.g., non-keys and keys that are non-simple). When declared
and enforced, such additicenal constraints then reflect either
business policies or government regulaticons.

Subzet constraints are sometimes referred to as  inclusion
dependencies. In TRI/JEFC-4 thevre is a reference toc an article
dealing with inclusion dependencies.

2 Nen-cumbersome support for predicate legic

One of the requirements for a DEMS to be fully relational is that
it support at least one relational language that is comprehensive
with respect to database management (see rule % of the 1P rules
specified in TRI/JEFC-6 and published in  the October 14, 1985
and October 21, 1985 issues of Computerworld). "Comprehensive” in
this sense includes full support for first-crder predicate leogic.

It is important that this language be able to express esach of the

required featwres without burdening 1) users with unnecessary
complexity or 2) the system with unnecessary consumption of
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FesOUrCEs . An erxample of this cited in my previocus articles ig
that the user should be able to express the join operators  and
relaticnal division without using Cartesian product  as an
intermediate result, and without any reference whatever to access
paths that may be supported below the level of the base
relations.

Two additional comments are applicable at this point. It should
not be necessary for any user to have to replace:

either
1) the universal quantifier FOR ALL » by & leogically eguivalent
Clause involving the existential quantifier: NOT THERE
EXISTS « NOTs '

£) the existential quantifier THERE EXISTS x by & logically
equivalent clause inveoelving the universal quantifier: NOT
FOR ALL « NOT.

ITtem 1) is tantamount to vequiring a simple, straightforward way
of expressing relational division, while item 2) is a similar
reguirement for the varicus kinds of joins. Present versions of
the language S80L fail to satisfy item 1) —— a sericus deficiency
vesulting from the developers having inadequate khnowledge of
predicate logic, and a deficiency which has the effect of making
some gqueries very convoluted, when expressed in 560L. An example
of this is the query: given a list of parts which vou would like
toe acquire from just one supplier (if passible), find all the
suppliers, each of whom can supply every part in the list.

3 Four-valued logic

Conzider an example of a combination (either by AND, or by OR) of
twa logical conditions used in selecting emplovees:

(birthdate » 50-1-1) AMD/ OR {commission > 1000)

Suppose  that for a particular employee the first condition
evaluates to  the truth value "missing and applicable” and the
second  to "missing and inapplicable". What 1s the truth value
of the whole condition?

Clearly, we need to examine the truth tables of four-valued logic.
In the following tables (Figwe 1) t stands for trues, f  for
false, 1 For missing and inapplicable. a for misging and

applicable. Mote that t, as i, f are actual values, and should

not be regarded as marked values (see section S5 for example).
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Figure 1: The truth tables of fowr-valued logic

Note that we obtain the truth tables of the TRIZJEFC-4 three-—
valusd legic by replacing i by m and a by m {(where m simply
stands  for missings and the reason for anything bheing missing is
lgroved) . It should be clear that four-valuwed logic (4YL)  is
movre precise, but more complicated than three (3VL).

I believe that the eutra complexity of 4VL is not justifiable at
this time, especially as DBEMS desigrners and DBEME users are not
vet comfortable with 3VL. Therefore. for the time being. we
continue to support the proposal that 3VL be built into the DEMS.
External specificaticons of a DBMS product should permit expansion
at a later time from 3VL to 4VL support without impacting users’
investment in application programming (or with & minimal impact).
If 4VYL is built intc a DEMS product and 3VL is bypassed, either
it should agree with the 4YL described aboves, or else its
departuwres should be defended firoam a technical and practical
standpoint.

A yvepetition of the warning about 3-valued logicss which 1

included in [11s may be appropriate here. They can vield the
truth  valus MAYBE for an expression that happens to be TRUE,
because 1t happens to be a tautoclogy. For example, find the

employees, whose birth year is 1940 or pricr o 1940 oy after
1940, Every employvee should be assigned the value TRUE for this

conditions even if his birth year happens to be missing! This
warning applies to other multi-valued logics. It may be
necessary  some  time in the future for DBMS products ta be
equipped with detection algorithms for simple tautoclegies of

this kind.
4 FRelative strength of the two marks

In section 1.5 of TRI/JEFC-4 I may not have adequately stressed
that the I-mark is strictly stronger than the A-mark. ANy user
who is authorized to update values in an attribute (or columnl) is
thereby permitted to change any non-missing value intoe an A
marked value or vice versa. Howevers changing any non-missing
value directly into an I-marked value or vice versa is "a whole
different ball game”: it is prohibited by the DEMS, because it
would be a direct attempt to viclate the meaning of an I-mark.
Thus, an I-mark is treated as if it were an integrity constraint
of a special kind: namely., one applied to selected objects vather
than selected object types.
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The ctate. diagram specifying permitted updates (Filgure 2 of
section 1.5 of TRI/EFC-4) indicates that any atfempt to change a
non-missing value inte an I-mark or vice versa must be requested
in two steps, first by making a change teo an A-mark, and then by
changing this A-mark intec the desired end result. One of these
steps necessarily invelves changing an A-mark  intce an I-mark or
vice versa, and such & step regquires sp@cial {(mark-type—-change)
authorization for the particular attvibute invelved.

5 Scalar functions applied to marked arguments

In thiz context a scalar function is a function which transforms
scalar arguments  into a scaleavr result. Cansider the effect of
such a function when one or more of 1ts arguments ie marked.

In general. if the strongest mark on one of its arguments is 1.
then the scalar result is I-marhked. I o the other hand.: the
strangest mark is A, then the scalsr vesult is A-marked.

For example, let % dencte any one of the arithmetic operatovs
+y—s¥s/ and let z dencte an unmarked scalar argument. Then:

T % oa =& 2z %1 =1 av®% =z = a i Uz =
a % a=a a % i =1 i % a=1 1 %1 o=

The functions NEGATIOM, OR» AMD  are not exceptions to this
gereral rule., because of the distinction (neted in section 3)
between the truth values a.i and marked tiruth values {(A-markeds,
I-marked).

6 Types of marks generated by operators

The questicn has been raised: why do  those operators which
are capable of generating new marks in the result create A-marks
only i{nsver I-marks)? In this context. "nmew marks" means marks
net simply copied inte  the vesult from one or other of the
cperands. The answer is that A-mairks are preferved, because they
are the weaker and the move flexible of the two types. Hence.
they are more readily changed by users without needing any
special mark-type-change authorizaticns unless the intent is to
change an A-mark into an I-mark.

7 Temporary replacement of missing i1tems

When a statistical or aggregate functicon 1is applied to  an
attribute, it iz normally intended that the function be applied
to every unmarked value of this attributes converting either each
scalar value into a scalar value or a set of such values into &
single scalar value. With this intent (which is taken to be the
default case), the marked values would be passed over and
effectively ignored.

Occasionally, the intent is to include each marked value in the

computaticonal activity, by temporarily replacing it by a
specified unmarked value {(where “temporarily” means just for the
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execution of the pertivent commaind). In this case. the scalar
replacements of a type A mark and a type I mark should be
specified separately from one ancther. IT either type of mark is
omitted from the replacement specification. every ccocuwrence of
that type is ignored.

Notice that any replacement action specified in this way is &
replacement of & marked argument of the function, not of any
result the function might deliver. Morecover. the specified
scalar replacement(s) must be values belonging to the domain From
which that attribute drawvs its values. and must comply with  any
additioral constraints which have bheen declared for that specific

attribute. Finally., any specific replacement action applies to

just one of the attributes cited in the vetriesval o update
cammand —- and, of couwrse, several of the attributes cited may be
subject to veplacement actions. Iy general, if N attributes are

cited in a relaticnal command, there may be as many as 2N
replacement actione specified in that commands two for each
distinct citation.

Thuss a single pair of replacement qualifiers f(one for I-marked
values, one for A-marked values) for each command is generally
inadequate -- it should be replaced by a pair of replacement
qualifiers for each attribute cited in any pertinent command. The
ayntax must allow one pair to be specified for each statistical
function citeds and -unambiguously associate that pair with the
pertinent function.

8 Language features needed

In section 1.14 of TRIVEFC~4 several minor language aspects were
omitted, even though they were in most cases covered elsewhere in
the veport: for vample, the use of the MAYBE gualifier on &
conditions whenever only those items are needed forr  which  this
condition evaluates to MAYRE. Mote that,s in order to support this
qualifiers, the DBMS must be able to handle either three-valued or
four—-valued logic (including the truth tables).

Moreovers 1t the items X are needed for which the conditicon K
evaluates eilther to TRUE or to MAYRBE. then a command such as:

(X where ) UNIOM (X where K MAYERE)

should be used. Furthers, if the DEMS supports fTow-valued logics
then we need two additicnal gqualifiers to distinguish the truth
- values A-MAYEBE and I-MAYRE. where A-MAYRE means maybe true, mavybe
false, but certainly applicables while I-MAYBE means neither true
noey false, but inapplicable. Finallys note thats because the
MAYRE qualifiers apply to conditions that may involve negation,
ORs AMD, the existential guantifier and the universal quantifiev.,
they require that the DBMS handle three-valued or four-—-valued
logic internallys and not put the buirden on users (as the present
varsion of 50L doee).
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9 fApplving semantic override to commands

The semantic override qualifier was previcusly declared to be
applicable to fouwr carefully chosen types of commands —— those
which involve comparison of values drawn from one or more palrs
cf different attributes. Users may accidentally apply this
qualifier to other retrieval and manipulative commands. In these
cases execution of the command proceeds, providing that the user
is appvopriately authorized, but the gualifier is ineffective.
no trigger s set, and there 15 no ervor meEsSsage. This
represents a minor extension of the TRIJEFC-4 proposal.

10 Application of statistical Tunctions to empty sets

This issue {(raised by C. J. Date) ig not divectly related to the
subject of missing values. Mevertheless, it was touched on in
section 2.5 of TRIVEFC-4, because S0L happens to generate null as
the result of applying certain statistical functicns to an empty
set  (an unwise choice by the SGOL designers). This topic is
clarified in more detaill heres. but only with respect to the
relational model (not S0LY.

Sectiorn 2.5 deals with the case of applying a statistical
function toc a collecticn of sets,. some of which are empty and
some non—-empty. We need to tieat the extreme case where all the
sets are empty (even-if there is only one set in the collection
of sets), and in such a way that all these cases behave in a
consistent way. As a first step, we require that an initial value
of zero be establiched immediately priov teo the evaluation of the
pertinent functicn against the specified sets.

If the empty set qualifier is omitted from a command, each
cccurrence of an empty set 1= ilgnored. However, we shall
require that there be. in addition to the wvalue returned, a
trigger {(known as the empty triggev) which is turned on  whenever
at least ore set encountered in the execution of this command
is empty.

Suppose that the value retuwrned, whenever a statistical function
is applied to a single empty set is the initial value cited
above, 1.e.. zeroc. A special case needs careful attention to

avoid misinterpretation of the value returned. Whenever

1) a statistical functiorn is cited in a command:

2) this function (for example, AVERABE) happens to require
dividing by the number of elements in the pertinent sets

3) the value retwned by the function is zero for one or more
of the sets;

it would normally be necessary to examine each of these sets for

ite possible emptiness. Such an examination weould distinguish
the empty set case from the case in which the statistical
functicn happened to generate zero fraom elements actually

encountered in  the set. The reader shouwld remember that the
burden of this extra examinaticon arises from cordinary integer
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arithmetic, in which dividing by zerc iz uwnacceptable. Marks in
the relational model are  intended to represent the Tact that
infoermation in the form of a db-value is missing, and should be
distinguiched froem the case in which the value of a function
(such  as division) is undefined. The burden of this extra
examination is therefore MNOT & consequence of the relational
model .
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