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Default Values vs. Special Values.

| was looking forward to Date’s next iteration a$ Iposition on default
values because | was anticipating something thatrofus could have
used, if we chose, instead of the nulls and MVLI{rrualued logic)
provided by SQL. We would then have had two wayalakle to us for
handling missing information. On the one hand, withell-designed
scheme expressing a two-valued logic approachfautteralues, the more
conservative among us could have used this lesegsige but also less
complex and error-prone way of handling missinginfation: On the
other hand, for those of us who felt comfortablalug with the additional
complexity which increased expressive power in@tédrings with it, we
could have used nulls and MVL.

But unfortunately, this is not what Date has preddHe has provided,
instead, a "special values" scheme (as he nowitalich no product
today supports, and which would require SQL to abjts commitment to
MVL and build in support for this alternative appoh instead. Date
acknowledges this, while trying to put the shodgtmother foot, when he
says that “today’s SQL products might have difftgwith such a notion,"
I.e. his special values scheme, "but that’s their mobl (Pt 2, p.18)

UNK and Equality.

Let me move directly to the heart of the matterogwning Date's new
special values scheme.

Date, of course, would disagree with the "leggressive" here. | support this claim below.
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After explaining that his new scheme will requieta replace every
domain--say domain XXXX--with a new domain XXXX_OBNK, Date
goes on to consider the use of various operatdtsthve UNK special
value? He begins with the equality operator, and aftdinileg its use with
the UNK special value, says: "Note that this déifom implies that the
comparison UNK=UNK.....returnsue......No three-valued logic here!" (Pt
3, p.16§

Right here, on this clear and explicit point, weldohave no better example
of theneed for three-valued logic! And since this goes righthe heart of
whether a special values approach can be as ex@messan MVL
approach, we must consider this claim of Date’suahtiNK and equality
very carefully.

So consider a two-column table, of one-hundred r@ash of which is a
pair of UNK values. Suppose the domain for eachroolis (a) integers
from 1 to 100, and (b) UNK. For each row, therefavih a real value in
each columni.e. a number from one to one-hundred, the odds aselom
10,000 that the row contains a pair of matchingieal(100 * 100). For all
100 rows, the odds are even worse--one in a millibat theyall contain
matching values (10,000 * 100).

So let's issue the following query to a databaterfice utilizing Date's
special values scheme: "How many rows in this tablgain matching
values?" The answer we will get, on Date's expdefinition, is: "All 100
of them." But since we don't know the real valteeshe pairs of numbers
in any row, the odds of this being tiheght answer are, literally, one in a
million! Is thisis a scheme that any of us would want to use vguenying
a database for information?

2 | find Date's name for the new domains--"XXXX_QR\K"--to be misleading, since the domains

in question contain both the real valaesl UNK, not either on@r the other. | therefore suggest
that the reader will find Date's discussion adittlearer if they think of these domains as having
the names "XXXX_AND_UNK"j.e as domains containing all the XXXX valuesd also the
value UNK.

References to Date will be to his five-part seoe special values, starting in the October 1996
issue of this magazine. References will be plandte text, in the form indicated here.
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The consequences of the inadequacies of Date'sagprin the "real
world", are as serious as you like. So, to maketkerious, suppose that
the columns of numbers are the firing coordindt@seach of one hundred
targets, computed by independent targeting mecmanisr a cruise missile
launching system. Next, let the fail-safe rule tet 8 missile will launch if
and only if both targeting mechanisms agree orctiwedinates. And,
finally, let us suppose that conditions for targgtare so bad that, in all one
hundred cases, both targeting mechanisms are uttabdenpute
coordinates. Therefore, since the domain each rkimg with is
TARGETING_COORDINATE_OR_UNK, they put the specialwe UNK
into their column, for each of the one-hundred rows

We now use an interface based on Date's new sctoedetermine which of
the one-hundred targets we will fire at. We sap:tt~or each of the one-
hundred targets, fire if and only if the comparidooes coordinate 1 =
coordinate 2?' returrtsue”. And lo, all one-hundred cruise missiles liftont
the air--in circumstances in whicilo coordinates are provided, bither
targeting mechanism, fany of the targets!

Of course, if we had only had the foresight to hsanel, instead, "For each
one-hundred targets, fire if and only if the conmam 'Does coordinate 1 =
coordinate 2? AND Does coordinate 1 NOT = "UNK&2urnstrue', then
our missiles wouldhot have fired.

Now Date may call this revised query a "solutiditie wants to. But | think
we can all recognize it for what it is--evidencatteomething is wrong. For
what is going on is that the user has been forcedrpensate for an error
in the semantics Date's scheme assigns to theigoyadrator. What has
gone wrong, as all of us but Date and company kim®that the answer to
the question "Are two unknown values equal#ias"Yes they are"!

And, if Date's reply to this point is that he defihequality for his UNK
special valuenot for "unknown values", then he has merely concdtat
his scheme using UNK values does not represergdimantics of the "real
world's" unknown values.
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UNK and Inequality: the Basics.

After this unfortunate attempt at defining equalDate goes on to try to
define greater-than and less-than. Running intoediate problems, he
suggests that it is "debatable" that we would exee=d to use these
operators with an UNK operand. After strugglinghnat possible
interpretation that would be as flawed as his prigation of equality is, he
settles on the position that to use these two iakgoperators when one or
both operands is UNK "makes no sense".

We can now see what | meant by saying that "wkat&g with the default
value approach, from a semantic perspective, tstthas the semantics
wrong, and so the ability of a database using devalues to inform the
inquirer fully is correspondingly hampered". (quibte Pt 1, p.22, and
again, while saying that he still "completely disz&g", in Pt. 5, p.18). For
this position of Date's is precisely that his speealues scheme cannot
return any information to the user when eithemefse two operators is used
in the presence of UNK. So, together with his imeotr handling of equality,

| suggest that Date has now demonstrated the afiithis claim of mine.

UNK, Inequality, and the “Real World”.

Up to this point, however, | have sim@gsumed that it makes sense to use
the inequality operators (greater-than, less-thath) the UNK special
value. But | think that Date would now attempt tgue that the basic
guestion is what we would want to do in the “reak\d”, when confronted
with unknown values. For if refusing to give anyaer to a question of the
form “Is X greater-than (less-than)Y?”, where Xpl¥both may be
unknown, is indeed what we would do “in the real then we would
have sacrificed nothing at all with Date's approtcthese two operators.
On the contrary, we would have accurately capttiiedsemantics of
unknown values with UNK and two-valued logic (foegter-than and less-
than, at least).

| shall now argue that the right response to aygusing greater-than or
less-than, when a value for one or both operandskaown, is that the
guestion certainly does make sense, but that thwearisunknown because
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one or both of the operands is unknown. (And i gg@ems so obvious to
you that you are wondering why | am trying to bualtargument to
demonstrate it, let me remind you that this is {gedg what Date's scheme
denies!)

Let’s look, now, at exactly how much informationnexpressible with
Date's scheme, even though the information whiahgbheme cannot give
usis contained in the database!

Suppose now that our table of pairs of numbersessmts one-hundred
cases in which two players cut cards--the numbénsdigh 14
representing card values 2 through ace, and tstepfimyer being Jones and
the second player Smith. Let's suppose, next(#)ah 10 cases, both
values are unknown, (b) in 23 cases one but ndit alties are unknown,
and (c) in the remaining 67 cases, both valuegmoe/n. Of those 67 cases,
finally, let's assume (d) that 4 were ties, (e} themes beat Smith in 42 of
those cases and, therefore, (f) that Smith beatslionthe remaining 21.

Now consider the following questions:
* How many times did Jones definitely beat Smith?
* How many times may Jones have beaten Smith?
* How many times did Jones and Smith definitely tie?
* How many times may Jones and Smith have tied?

Clearly, the answers to the questions are these:
e 42
e 75(.e. 42+ 10+ 23)
e 4
e 37(.e4+10+23)

The answers that Date's special values schemedwaod, however, are
these:

To avoid some unnecessary complexity relatintpéchighest and lowest values in a deck of cards,
assume that in case (b) above, the known valuevierr2 or 14, since if it were the former, the
player could tie but not win the card cut, and fere the latter, the player could tie but notlos

the card cut.
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o 42

» atleast 42, and no more than 65--but with 23 msta of "invalid
guestion”

e 14 (.e 4+ 10)

» atleast 14i(e. 4 + 10), but with 23 instances of "invalid questio

Now let's compare results.
For case #1, both approaches give the same coesadt.

For case #2, Date's scheme should have been ald¢cionine that the
correct answer is 75, but it couldn't becauseofa thing, it couldn't count
the 23 cases in which one of the operands was UiNiouldn't count them
because Date's scheme will return "undefined" (@isé a run-time error")
whenever it encounters an UNK value while evalugptirgreater-than or
less-than expression. However, clearly, in all @8es, Jones may indeed
have beaten Smith. This demonstrates my pointhieaé is information in
the database which, given Date's scheme, he canovtle to the user.

Note also that the correct answer--75--lies outthe@erange given by Date's
scheme, so that the answer we get using his scisema¢ only vague, but
actually incorrect. This is because Date's schenms gount the 10 cases in
which both numbers are UNK as tieg, as cases where the two values are
equal! Being equal, they anet possible cases in which Jones beat Smith,
in Date's scheme. But in the "real world", unfodtety for Date, because
they are instances of unknown values, theypossible cases in which
Jones beat Smith.

For case #3, Date's scheme also gives an incamseter. Jones and Smith
definitely tied in four caseslearly not in 14! And why did Date's scheme
give so obviously incorrect an answer? Again, beeaf Date's rule "...that
the comparison UNK=UNK.....returtisue.... No three-valued logic here!"

Of course, understanding the limitations of Dagelseme, we could have
phrased our query looking for definite ties asda#: "....where column 1 =
column 2, AND neither column = 'UNK'This query would have returned
the correct result--4. But this doesn't solve ampfem in Date's scheme. It
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just puts the burden of compensating for the furetgtal semantic errors in
his scheme directly on the user.

For case #4, Date's scheme gives a correct ankleever, this answer is
less informative than it could be, because in altases, it could be the case
that the two players tied.

Note that the answer that a database interfacg usilts and MVL would
give, areexactly those which | indicated are the clearly correcvears.
This is because, with a three-valued logic, "X =r¥turns unknown when
either or both operands are unknown, and simifarlyX > Y" and "X <
Y

So for question 4, for example, a database interfismng nulls and MVL
can reason thusly: "I know that Jones and Smithitigour cases. In 10
cases, | don't know either value, so they may hiagein all ten of those
cases, as well. And in 23 cases, | don't know @heey and so they may
have tied in all of those cases, too. The totallothese cases is 37."

Date's attempt to convince us that, in the "realat/pwe don't use three-
valued logic, flies in the face of this kind of eyéay reasoning. Yet again,
Date has provided further illustration of the troftmy statement that
"what's wrong with the default value approach, frasemantic perspective,
Is that it has the semantics wrong, and so thé&bil a database using
default values to inform the inquirer fully is cespondingly hampered".

Complexity.

In his final installment, Date anticipates an olmg@bjectionyiz. that his
special values scheme certainly makes queriesradod complicated than
they were before. | have three comments aboutdhitsire of his new
scheme.

First, a cursory glance at Date's extensive csitns of multi-valued logic
will show that underlying them is the repeatedaigfithat MVL is too
complex, and hence too prone to generate errdheifreal world". |
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therefore find it interesting that Date seems to&& hoist on his own
petard of complexity. Perhaps he will explain toas the complexity of
MVL is a bad sort of thing, leading to errors in the "real vadrlwhile the
complexity which his special values scheme requreauser to master is a
good sort of thing--supposedlyot leading to such errors.

Second, all this additional complexity in queriequired by Date's scheme
exists for one reason, and one reason only. ltekiscause the semantics of
Date's scheme are either incorrect (for "equalsifh@apable of returning
information that does exist in the database (foedter-than" and "less-
than").

Finally, | do not doubt that Date will have manyra® to offer in reply. But
| would suggest to the reader that he who publishesast word is not
therefore he who has the better position. Let asersber that the
Copernican revolution did not succeed becaugeoited to the Ptolomaic
theory's most ardent advocates that their theos/wrang. It succeeded
because the complexities of epicycles within egeyevhich new
observations forced the Ptolomaic theory into, aoced everyone eldait
those ardent advocates that the theory was fdtallyed. | am content,
therefore, to stand back and watch Date propos#i@u epicycles, to
these already quite elaborate "query-related ef@sydie would require of
us, for his new special values scheme.

A Practical Special Values Scheme.

In my introductory paragraph, | expressed a désisee a two-valued logic
default values scheme whose clarity and ease oivasgudged a good
trade-off for reduced expressive power. Since Dagenot given us one, let
me briefly outline such a scheme myself.

First of all, | agree with Date and company thatskeuld eliminate
nullable attributes in our databases, as much ssilgle. With some
reservations (which | will not explain here), |@aksgree that a good way to
do this is to subtype entities which contain aatl# attribute into two
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subtype entities--one which contains the attri@g@on-nullable, and the
other which does not contain the attribute at all.

Second, | suggest that we reserve one or moregdhaen an attribute's
usual domain, for the special values we wish totifle Perhaps a single
value, meaning "real value missing" will be all need. Perhaps a
distinction between (a) inapplicable, (b) unknown(c) "one or the other,
not known which" is more appropriate.

If possible, we should establish business ruleslwhisure that the value
we choose is not a homonym. For example, if anrpnge enforces a rule
that invoice amounts cannot be zero, then we carzei®es in the invoice-
amount attribute to mean "real value missing".

However, sometimes this is not possible. Perhapgmierprisanust allow
zero-amount invoices. In that case, "$000,000.0@heé attribute means
both (a) a zero-amount invoice, and (b) "real valuesmig'.

If we must make a homonym out of a value, like,this should be aware of
the cost. Here, the cost is being unable to distsigzero-amount invoices
from invoices in which the actual amount is missiflgis may well be too
high a cost. In that case, we have other optiars) as (a) adding a flag to
distinguish zero-amount invoices from all others(k shifting to a less
critical and very infrequently used real value--$899,999.98"--to mean
"real value missing".

In the former case, we have compensated for thehgpmity, for we can
now distinguish zero-amount invoices from invoiaesvhich the invoice-
amount is missing. What we now can't do is distisigahe (presumably
less common) invoices for exactly $999,999.98 frowwices in which the
amount is missing. In this latter case, we haveetintinated the cost of the
homonymity; but we have significantly reduced it.

3 And in response to Date's frequently-expressgdraent that there are any number of different

kinds of nulls and, therefore, any number of tvdlues which a MVL would have to
accommodate, | would reply that it seems to me sdratnaive to argue that every different way
of stating a value-missing condition, in Englishysincorrespond to a formally distinct kind of null.
For the position that all the different ways in aihia value-missing condition can be stated in
English (or any natural language) can be reducedetthree mentioned here, see Atzeni and
DeAntonellis,Relational Database Theory (Benjamin/Cummings, 1993), pp. 220 ff.
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We have been using this kind of reduced-cost gjydi@ decades, actually,
and in doing so, in each case, we have decidezt thé semantic problem

be resolvedutside the systemi.e. by users who understand the convention,
and the possibility of actually encountering instasof these homonyms.

Finally, note that the strategy of avoiding homosyne. of using a value to
mean "real value missing" which daogst mean anything else, gives us
exactly the expressive power (aegactly the complexities) of Date's special
values scheme. It does so because it amountsdioda representation of
Date's UNK within the standard domain for an attté) instead of requiring
vendors to extend that domain.

Conclusion.

So, with Date’s new special values scheme, we hawadternative to MVL
which (a) can't get equality right, (b) can’t hamdreater-than or less-than
at all, (c) consequently returns both incorrectiitssand less-than-fully-
informative results to queries, and (d) turns semgpleries into rocket
scientist queries.

Moreover, now that we understand how far from bemglementable
Date's scheme is, we can see that this extendededebtween Date and
company, and myself, has little immediate applikitio the practical work
of developing databases and interfaces to thende&gners and users, we
will continue to work within the constraints proed by our dialects of
SQL.

The more conservative among us will avoid nulls B because of
understandable caution at the complexity. As | adginroughout my
articles on this topic, the use of the addition&iencing power of MVL is
a foray into a more complex dialogue with the datah-a foray which
should not be undertaken unless one is comfortadneling the
complexity.

The Faults With Defaults.

© Copyright 2008, Dr. Tom Johnston.

Only personal, non-commercial copies, are permitted
Page 10.



To assist the conservatives, therefore, | havecbketa two-valued logic
approach to missing information thafisactical, i.e. that can be used right
now, with today's products. However, | claim nagorality here. Indeed, |
offer this sketch as little more than an existiegtipractice, dressed up in
some fancy logical terminology, and accompanieddaye explicit caveats.

As for the more adventurous among us, they will enage of nulls, as
provided by our SQL dialects, and will probably gatned sometimes. But
in the process, they will forge an understandingufs and MVL which

they might not obtain from any textbook study. Asathey will begin the
process of rendering the complexity concomitanhwlie greater expressive
power of nulls and MVL less daunting to us all.
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