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Introduction.

Relational Database Components.

We can distinguish the following components of latienal database.
1. Atablerepresents a type, for example a customer.

2. The rows of a tableepresent particular things which are instancestgpe, for

example individual customers.

3. The primary key of a tablis a set of one or more columns whose values seyve

a unique identifier of each row. Every row in aléais distinguished from every

other row by means of its primary key values.

4. The foreign keys in a tabklre a set of one or more columns that relatedtvs pf

that table to other rows, in the same table inctee of a recursive relationship,

or, more commonly, in other tables.

5. Avalue in any column of a tabieay also describe the particular thing its row

represents, e.g. the name of a particular customer.

6. A domainis a set or range of values that are all the wadides for one or more
columns. Sometimes a domain is co-extensive wihdtta type for a column,

and sometimes it is a proper subset of that dg& ty
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The structures used to manage data in a relati@tabase are tables, rows and columns.
Every DBMS-managed piece of data in a relationtdluizse exists as a value in one
column of one row of one table. Domains defineuhleles which are valid for each

column.

Current and Future Relational DBMSs.

We are in a period of relatively rapid change latrenal Database Management
Systems. New releases of relational DBMSs affecA®By providing new features that
improve performance, such as federated queries difiect designers of data marts by
providing better support for star schema data atihetures. They affect SQL writers —
end users or developers — by providing inheritaalorg a type hierarchy, recursive
gueries and other SQL DML enhancements. But nesasels of relational DBMSs do
not affect data modelers. There are no features iaytedogical data models that cannot

be found in logical data models of a decade ago.

But things are changing. A major area in which dataleling-relevant capabilities are
evolving is that of domains. Traditionally, related DBMSs have treated values as
atomic. But relational theory now recognizes, agldtronal products are beginning to

support, non-atomic domains.

For example, a row in an invoice header table coalttain one column which contained
all the detail line rows for that invoice. This Wabviously affect the data model.
Traditionally, documents such as invoices have Imeedeled with two tables, a header
table and a detail line table. But using non-atodumains, only one table would be
needed.
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This raises an interesting question, which we @igcuss
later on. It is a question directly relevant to dmtologies
we choose to implement in our databases.

Invoice line items, to consider the example jushtiomed,
are a type of thing. And as | said before, types ar
represented by tables in a relational databaseif Bivoice
line items are modeled as a non-atomic domain, tyyees
can also be represented by domains.

So the question is: when should types be repregdyte
tables, and when by domains? Is there a substantive
difference here, one based on a criterion? Or does
ultimately come down to aesthetics, to a matter of
preference, of data modeling style?

Figure xxx. Aside: Types as Tables and Types as
Domains.

Although some of today’s DBMSs provide rudimentampport for non-atomic domains,
| don’t know of and have never heard of a singladaodel that uses them. In addition,
the major data modeling tools | am familiar witkErwin and Desizn for Databases —

provide no support for non-atomic domains.

1. to identify by providing unique identifiers for rows

within tables;
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2. to describe features of the things our business is
interested in (the basic job that all business da&s); and

3. torelate by putting copies of unique identifiers in
rows we wish to relate to the rows whose idensfitey

are.

Figure 2. Three Semantic Functions in Databases:

Identifying, Describing, and Relating.

So if we apply the Information Principle, we do gweith DBMS-specific pointers and
other system-created and managed links among lsssitaga. Which is exactly what has

happened with relational DBMS products.

At the time, this seemed like a good idea. As desigiand architects, we are always
looking for simplicity. It is a surer sign of gooeks in our designs than anything else —
simplicity, elegance, indeed beauty. So once Ddddealized that the internal
mechanisms of DBMS pointers were not needed, heepated to work out the
mechanisms by which business data could take beeles which those pointers had

been used for. These were the dual roles of idemgfand relating.

But no matter what else it does, all business degaribes. That's what business data is,

But no matter what else it does, all business degaribes. That's what business data is,
data which describes something of interest to treness. If this data is also used to

identify, it is performing two functions. If it iglso used to relate, it is performing a third
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function. In any case, data which performs morea trae function is a homonym, in the

strictest semantic senséet’s stop for a moment and see how.

Functions (in the informal sense used here, botialshe formal, mathematical sense)
provide information just as much as descriptionsktw example, relating an invoice line
item row back to its corresponding invoice headé provides information because,
without that relationship, we obviously don’t kn@@mething. Without that relationship,
when we look at the invoice header, we don’t knbat that line item belongs to it.
Without that relationship, when we look at the liteen, we don’t know which invoice it

belongs to.

So: if all three of these functions provide infotroa, then using the same syntactic
structure to implement two or more of them meaas tifie structure is a homonym.
Specifically: just as using one word (one physisghtactic, object) to represent two or
more meanings (logical, semantic objects) credtesémantic anomaly we call a
homonym, so too does using a primary key (a phiysgatactic object) to perform two

or more functions (identifying, describing and tilg) create a homonym.

This is not merely an analogy. To identify, to dése and to relate are functions, as we
have just seen, that convey information. So the\tlagrefore functions with semantic
content. Implementing two or more of those functioma single syntactic element is

therefore to create a homonym.

As we shall see, homonyms are bad. As are synorsis. ambiguity and vagueness.
These are, one and aémantic anomalies, and we will continue to develop lessith
optimal data models for as long as we don’'t know bmrecognize and remove these

anomalies.

Earlier material will have introduced basic captseof semantics like synonyms, polysemes,
homonyms, antonyms, etc.
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This is what Part 1l is concerned with, to point and describe the problems created by
these functional homonyms, as they are manifestg@diinary and foreign keys, and to

suggest ways around them. As | see it, there aee tf these “key” problems.

Key Problem #1. Primary Keys Which Also Describe.

The first problem | will describe is what goes wgomhenidentifying anddescribing are
implemented in the same syntactic structure, ireemone “piece” of the database both
identifies and describes. This piece, this syntasttucture, is the primary key. In both
identifying and describing, primary keys play twemsantic roles. In doing so, they are
homonyms, just as much as the one word “bank’hisraonym representing either of
two meanings — “the sloping sides of a river” aadoface to deposit and withdraw

money”.

Business data can indeed be used not just to desbit also to both identify and relate.
This means that relational DBMSs don’t need thelmensome internal pointers of earlier
database management systems like IMS, IDMS, TOTAd @ther pre-relational

DBMSs. Neither is the linking mechanism for relatbdatabases part of the DBMS
“machinery”. It too provided by the business dasalf. That linking mechanism is the

foreign key.

Business data is used to distinguish every rowrglaional table from every other row.
The set of one or more columns, or one of severguely identifying sets of columns, is
chosen as the primary key of the table. Being gusidentifier of a row, its appearance

in any other row of the same table, as a primayy iseforbidden.

However, its appearance in a separate table, whethmot as part of the primary key of
that table, does relate the row for which it igianary key to the row in which it appears
as a foreign key. Also, its appearance inddree table, but not as all or part of the

primary key, relates those two rows of that sirtglde. Finally, its appearance in a third
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table whose primary key was the pair of keys ferrdlated rows, also relates those two

rows.

This appearance of a unique identifier elsewhetbemdatabase is called a “foreign key”.
By these means (“means”, in the plural; for notd,tas we have just seen, the term
“foreign key” refers to several different implematibn mechanisms), the functions of
uniquely identifying a row in a table, and of relgtthat row to any number of other
rows, can be implemented without resort to compidddBMS pointer mechanisrA8y

these means, related data can be gathered togethgrset-at-a-time operations.

Since (non-surrogate) primary keys are made uusiess data, it follows that, when
what that data describes changes, the primarykexs change also. But the values in
these primary keys may exist in any number of othleles (or even in other rows and
columns of the same table), as foreign keys. Sahheage in one value must be
propagated to any number of rows, in any numbéaldes. As we shall see, this can

become an extremely expensive process.

This is a basic observation. In brief:

Business data describes.

When what it describes changes, the data must ehan

[{@»)

But changing primary keys is expensive
because it requires changes to the related fokegs.

It is also unnecessary.

“Function” is being used here in the non-mathécahsense of “role” or “purpose”. It is not to be
confused with mathematical functions, the onegdeliiito in the phrase “functional dependency”.
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When business data is used in primary keys, we Wwaa practitioners call an
“intelligent key”. So the way to avoid key change$o avoid intelligent keys. More
precisely, the solution is to keep intelligent kéysich | will call “semantic keys”), but

not to use them as primary keys (which | will ¢alyntactic keys”). Practitioners have

Figure 3. The Problem with using Business Data in

Primary Keys.

been doing this for at least a decade. We cafliiig)“surrogate keys”.

| will make three recommendations for improvingthis “best practice”

1. Take it seriously. If it's good to use mgate keys
for some tables, it's better to use them for dléa. If it's
good to use them for an Invoice Header tableaiss good
to use them for the related “child” table — thedioe Line
Item table. If it's good to use them for a Salesparand a
Customer table, it's also good to use them for the

associative table between them.

2. Entity integrity is a good idea. But if hiag keys
which are unique within a table is a good idea,jiakeys
which are unique across all tables in a databasdetter
idea. For reasons | will explain later, | call thidbject
integrity”. And having keys which are unique acrass
entire “namespace” of multiple databases, is tist idea

of all.
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Some practitioners may suspect that | am talkirapab
GUIDs — globally unique identifiers. And I am. I'll
describe why they are important for relational bates,
not just for object-oriented systems. And I'll debe a
special kind of GUID which | recommend for use with

relational databases.

3. Specific rules must be followed to creasdl-
formed semantic keys, and to avoid any cross-awen f
semantic onto syntactic keys. | will discuss thedes later

on.

Figure 4. Three Recommendations for Improving

Surrogate Keys.

Key Problem #2. Foreign Keys Which Also Identify.

The second problem | will describe is what goesngravhenrelating andidentifying are
implemented in the same syntactic structure, ireemone piece of the database both
identifies and relates. This piece, this syntasttiacture, is the foreign key component of
a primary key. And just as traditional primary kelys. ones made up of business data,
are homonyms, so too are their corresponding fork@ys. Primary keys are homonyms
because they both identify and describe. Foreigs kee homonyms because they both
relate and identify.
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Such foreign keys, i.e. ones that are part of pryrkays, have come to be known as
keys which create an “identifying relationshibAnd the way to avoid the problems they
create, of course, is to eliminate them. This melaaswe should never use a foreign key
as part of a primary key/No foreign key should ever establish an “identityi

relationship”.

An astute reader, at this point, one who is pickipgn the language of semantics, as it
applies to data modeling, might want to raise gedailon. It would go something like
this:

“Ok. Maybe you will present us, later in Part llithva good argument for keeping
foreign keys out of primary keys, the ones you sgiitactic keys. But surely it is part of
the semantics of many tables that part of what distinguishesrtives of those tables from
one another is a relationship to other rows. HoWyeu preserve those semantics if you

exclude foreign keys from primary keys?

For example, two invoice line items could be fag #ame product, in the same quantity,
at the same price, etc, etc. They could each kenbr 3 on their respective invoices.

What business data makes them unique? What isst@iantic key?”

| usually have a mental image of the columns aftédet as existing left-to-right, although
schema definitions, and the major data modelingstdist columns top-to-bottom. So |

think of our Invoice Line Item Table as looking setitming like this:

A foreign key can be a complete primary keypalitself, but only in special cases. One special
case is a one-to-one relationship in which the arinkey of one table is also used as the primary
key of the related table. The other special cafieeisubtype relationship, in which the primary
key of a subtype table is a foreign key from itsriediate supertype table. But by far the most
common cases of foreign keys being used to ideigtifyhen a foreign key igart of a primary

key.

As previously noted, a foreign key can be a cetepprimary key when it is the primary key of
either a subtype table, or a table in a one-toretegionship with another table.
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The top row contains the column headings. The skomw indicates the data type of
each column. The third row is the one that difféereaiues appear in. It is like a “viewer”

in which rows of the table appear, one at a tirsetha cursor scrolls through thém.
As our cursor scrolls through each row of the tahldifferent set of values appears in the
viewer. Let’'s say that we have just moved the aurssome row, and the following set

of values pops up:

Two such line items are shown in Figure 5.

Line-nbr prod-code gty unit-price
Int Char(12) Int Dec(6,2)
3 4X18 WM Rolls 24 $225.00
3 4X18 WM Rolls 24 $225.00

Figure 5. Sample Data: an Invoice Line Item Table.

Continuing on, our astute reader might even comwitlpthe following suggestion.
“Clearly, what distinguishes those two invoice litems is that they appear on different

invoices, i.e. that they are related to differ@ws in an Invoice Header table. So if

° I will frequently drop the word “rows” when themtext guarantees that no ambiguity could result.

So in the sentence above, | could have said “Tine tbw is like a “viewer” in which invoice line
items appear, one by one, as the cursor scrobsigifrthem.” In this context, it is clear that | am
referring to rows in a table, not to the line itewisich those rows represent.

For this example, we ignore primary keys altbgetand assume that none of the columns are
primary key columns.
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foreign keys are not allowed in primary keys, tsemething in theisemantic keys must

point to related rows in that invoice header tdble.

invc-nbr ship-date terms

Char(8) date Char(8)
MW-4413 5/17/06 net 30

CC-0337 4/5/06 net 60

Figure 6. Sample Data: an Invoice Header Table.

This is an astute reader indeed, one who is alrbadinning to think about data from the
point of view of what the dat@eans. And she is correct. What is wrong with my
solution, at this point, is that an essential pathe verymeaning of being a specific
invoice line item is not reflected in its semarkay. What is lacking is the simple fact
that a specific invoice line item is a line itemao$pecific invoice! Nothing in the invoice

line item table refers to invoices, i.e. to involeeaders.

The most obvious candidate to carry out this rafgrfunction is the semantic key of the
related row itself. In this case, the related reva row of the invoice header table, and we
may assume that its semantic key is invc-nbrthat invc-nbr is a unique identifier for
that table. So adding this semantic key to theitem table gives us the following

modified line item table:

Question: what is the semantic key of the lieenitable shown in Figure 1? Answer: apparently
none. Absent a (very unusual) business rule tecdtidrary, there is nothing to prevent two rows
from occurring in this table that have the sameeah all four columns, as | have shown in
Figure 1. (Later, | will collect all questions antbve them to the end of each chapter, with the
answers as appendices at the back of the book.)
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invc-nbr line-nbr prod-code gty unit-price

Char(8) int Char(12) Int Dec(6,2)
CC-0337 3 4X18 WM Rolls 24 $225.00
MW-4413 3 4X18 WM Rolls 24 $225.00

Figure 7. Sample Data: Semantic Key Association éfeaders and Line

[tems.

This solution gives us a key / foreign key mechamisut one implemented at the level of
semantic keys, and completely distinct from the level of 8-managedyntactic keys.

It turns out, however, that this is a self-defegtiecommendation, one which re-creates
the original problem but now at the level of senakeéys. Moreover, it does not simple
re-create the original problem. It makes it wofee now entity integrity (as the
uniqueness of semantic keys) and referential iitfe@s the validity of references)

cannot be enforced by the DBMS. They become “dmitrself” integrity constraints.

However, there is a solution that solves the probhathout creating other problems. We

will discuss that solution later in Part Il.

The Foreign Key Ripple Effect.

But precisely what problems am | referring to? Wdnat the problems that result from
using foreign keys in primary keys? The basic pobls the one | have called “the
foreign key ripple effect”. Let's suppose that we asing descriptive data in our primary
keys. In that case, when some of those key valu@sge, we will have to go to every
table that contains a foreign key with that valmmg make the change there, as well.

Moreover, this must be implemented as an atomiséetion, i.e. the change must be
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made to the primary key value, and also to allftineign key values, or else made to
none of them. A simple SQL UPDATE statement wilt do this.

Let’s further suppose that, in the case being clamed, five other tables have foreign
keys pointing back to the original table. In thase, a total of six tables are affected by
the change. But now let’s suppose that three cfehielated tables use that foreign key as
part of their own primary keys. Now the impact baaging a primary key value can
“ripple out” to tables not just directly relatedttee original table, but in addition to tables
which have a foreign key pointing back to one afsenthree tables (which in turn have
foreign keys pointing back to the original tablEese last-mentioned tables are tables
affected by the original change through one lev@hdirection, i.e. through one
intermediate table. But it should be clear thapple effect need not stop there. It can

affect tables related to the original table by tthwee or more levels of indirection.

Here’s another way to look at this probldroreign keys effectively denormalize a
database. If invc-nbr MW-4413 occurs both as a primary kagd as a foreign key in ten
related line item rows, then there are eleven oeoges of the value “MW-4413". And
like any duplicate data caused by denormalizatipdates to a primary key and all of its

foreign keys must be applied as all-or-nothing atamansactions.

We have been taught not to think of foreign keydersormalizations. But if they create
duplicate values, and if they can be updated, they cause the same problems that
denormalization, as traditionally understood, cali$é® updates must be applied to all
occurrences of the data, and they must apply atlething.

If we IT practitioners continue to use relationatabases, we will have to use foreign
keys. There is no way around it. But if we avoithggprimary keys that can change, then
we have, ipso facto, also avoided using foreigrskelyich can change. And it is the
changing that causes all the problems. Duplicate idano problem at all if it is data that

never changes.
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Our astute reader might point out, however, thatetis no reason why surrogate keys —
which | have indicated are part of the solutionill propose — can’t change as well.
While that is true, it misses the point. The pasnthat there is no business reason for
changing surrogate keys, because they don’t desaniigthing. If surrogate keys carry no
business meaning, then they are merely mechauieatifiers and pointers, part of the
physical implementation of a database, but notgfats descriptive content. And if the
business doesn’t ask us to change surrogate Kkeyrspeing aware of the problems
which arise when we do change them, we are ceytaotlgoing to choose to change

them ourselves.

Back when hierarchical and network DBMS such as,IND8IS and TOTAL dominated
the marketplace, we IT developers simply dealt withfact that to relate data in
different structures, we had to create and mapageers. These pointers were not
business data; they were purely an implementatiechamism. So at this point in history,
we had a clean separation between business datar{ses, logical stuff) and DBMS

pointers (syntax, physical stuff).

| look back on this, and think it was a good thibg. Codd looked on it and thought it
was a bad thing. This is the over-arching themiaot I1.

So our conclusion is:

Codd’s Information Principle is wrong.

DBMS mechanisms for identifying and relating

are not the problem. They are the solution.
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Figure 8. Conclusion: Codd’s Information Principleis

Wrong.

Key Problem 3. Embedded and Non-Embedded Foreign Keys.

The third problem | will describe is what goes wgamhen more than one syntactic
structure is used to implement one function. latiehal databases, there are two
syntactic structures used to implement relatiorsHine is a foreign key “embedded” in
one of the two related tables. The other is a taibde which relates two tables by pairing
foreign keys, one for each of the two related tablénis table is usually called an

associative table or, more informally, an “xrefdi(f‘cross-reference”) table.

To illustrate an embedded key, let's use a Cust@ndra Salesperson table. We will
assume that the semantics of the relationship legtwalespersons and customers
includes the rule that one salesperson may mamggeumber of customers, but that
each customer may be managed by at most one saespé&his is ane-to-many
relationship from salespersons to customers.illustrated as sample data in Figure 9,

and as a data model diagram in Figure 10.

slsprsn-nbr name other-data
Char(10) Char(25) « ..........
Sl Smith | ...
S2 Jones | ...

cust-nbr name slsprsn-nbr | other-data

Char(10) ' Char(30) | Char(10) =  .....
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C1 Brown s2 .

C2 Peters s1 | ..

Morris | S22 | ...

Figure 9. Sample Data: Embedded Foreign Keys.

Ssprsn-nbr is a foreign key from the Customer to the Salespetable. It exists as one
of the columns in the Customer table, and for thason | call it an “embedded” foreign
key. It is one of two syntactical forms that impkemhrelationships in relational
databases.

Salesperson

PK slsprsn-nbr
name
other-data

Customer

PK cust-nbr

FK salesperson-nbr
name
other-data

Figure 10. Data Model Diagram: Embedded Foreign Key.

In Sample Data tables, my notational conventamesthese. Primary keys are the left-most
columns, and are underlined. Foreign keys areitaid.
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Now let us suppose that our company has foundstirae customers have become so
important that we need to assign two or more salsgps to them. Since one salesperson
can still manage several customers, this changasrtbat there is nowrmaany-to-many
relationship between customers and salespersonsawmt express this relationship by
putting a foreign key in either table, because Waild permit rows in whichever table

we made the child table to be related to at mostrow in the parent table. So instead,
we must create a third table, technically calleGssociative table, and colloquially

called an xref table. It looks like this:

slsprsn-nbr name other-data
S1 Smith | ...
S2 Jones | ...
cust-nbr name slsprsn-nbr other-data
C1l Brown s2 .
C2 Peters si ..
C3 Morris sz L.

slsprsn-nbr cust-nbr

S1 C1
S1 C2
S2 C2

Figure 11. Sample Data: Non-Embedded Foreign Keys.
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Salesperson Customer

PK slsprsn-nbr PK cust-nbr
name name
other-data other-data

Salesperson Customer Xref

PF =zlzprzn-nbr
PF cust-nbr

Figure 12. Data Model Diagram: Non-Embedded ForeigiiKeys.

In this case, neither of the two related tablesaios an embedded foreign key. Instead,
the foreign key for each of the two tables is cor@d in a third table. For this reason, |
call these foreign keys “non-embedded”. It is theod of two syntactical forms that

implement relationships in relational databases.

Ouir first two key problems were instances@hantic homonyms — one syntactic
component implementing multiple semantic componertigs third key problem is a
problem withsemantic synonyms — two syntactic components implementing one seimant
component — and with the early binding of that setnacomponent to one or the other of

the two syntactic components.

With our first two key problemgne syntactic component implementeeb distinct
semantic components — primary keys which both ifledtand described, in the former
case, and foreign keys which both identified arateel, in the latter case. With this third
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key problemjwo syntactic components (embedded foreign keys, momeeded foreign
keys) implemenbne semantic component, that of a relationship betveepair of rows.
The problem is this: every relationship is impleteehwith one or the other of these two
structures. But when the semantics of a relatignshanges in specific ways, the

relationship must be un-bound from its then curstnicture and bound to the other one.

Briefly, it happens like this. Relationships, as e seen, have both a minimum and a
maximum cardinality. When the minimum cardinality of a relationship shes, no
change is required in the syntax of its implemeatatinstead, the foreign key used to
implement the relationship is either changed fraable to non-nullable to change a
relationship from optional to required, or elsenfraon-nullable to nullable to change the

relationship from required to optional.

Actually, this oversimplifies things a bit. For otieng, there is no
minimum cardinality choice to make when the relagioip is implemente
by means of an associative table. Both foreign kes associative tabl
are required; neither can be null. The “semantiagptionality”, if the
relationship is indeed optional (as it almost alsvesy, is supported by th
existence or non-existence of the relationshipaimst — the row in the
associative table — not by nulls in foreign keyshé relationship exists
between a pair of rows, then there is a row inagsociative table which
combines foreign keys for each of the related r@berwise, there is n
such row. So minimum cardinality is expressed ia tifferent ways, the

semantics of a relationship being required or owidor a participant

expressed in two different syntactic forms.

o An allusion to material which will appear earlierthe book, but which is not part of this sample
chapter.
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For a second thing, a nullable foreign key onlakbbshes minimum
cardinality for thechild row in a parent/child relationship For example,
if an invoice header foreign key, in an invoiceelitem table, is nullable,
that means that invoice line items can exist whaighnot related to any
invoice header (a very untypical situation, of c®)r But if the foreign
key is not nullable, that means that every linmitaust be related to (at
least one) an invoice header. And since therelisame such foreign key
column in the line item table, that means that dimehitem is related to a
most one invoice header. Combining “at least onigi it most one”, we
get the full minimum cardinality of the relationphfor the child rows:

each child row must be related to “exactly one’gparow.

Note here the two very different ways that these $emantic features of
relationships are enforced. Each line item rovelated tcat most one
header row. How is this enforced? By the simpl¢ tiaat each line item

row has only one column to hold an invoice headegzifin key**

The other semantic feature is that each line it@mis related tat least
one header row. And how is this feature enforceu® first part of the
enforcement is to make the foreign key column noltable. This means
that the column must contain a value. The secontdopéhe enforcement
is the referential integrity constraint. This inssithat the value in that
column, for every line item row, points to a rowtie header table.

Neither piece of the mechanism that enforces théegst” semantics

10

11

A “child” row in a one-to-many relationship ig@w on the “many-side” of the relationship, and a
“parent” row is a row on the “one-side”. For examgf one invoice header can be related to many

invoice line items, the parent is the header rowd, the children are the line items rows.

“Asides” are another proposed structural featdrinis book. They are appendix-type material that
is brief enough that wean include it in-line with the text, and pertinemtaeigh that weshould.
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requires any programming. Both are “declared” ®@BMS, and then
enforced by code internal to the DBMS its@lf.

What about the parent row, however? It, too, hasreamum cardinality.
Our invoice header row may or may not require asti®ne line item row
in order to exist. But relational theory and redatll DBMSs provide no
way to express or enforce the difference. If @ isusiness rule for our
company that an invoice must have at least ondtkme, then developer-
written code must ensure that no line-less invbeaders are added to t
invoice header table. This requires code which rmalke insertion of a
new header row, and the insertion of its first liteen, an atomic
transaction. It also requires code which makesi#tetion of the last line
item for an invoice (should such an event ever bajppand the deletion

the header for that invoice, an atomic transactfon.

Figure 13. Aside: Issues With the Minimum Cardinalty of

Relationships.

But key problem #3 is a problem with the maximundaaality of relationships, not their

minimum cardinality. Relational theory and DBMSeKaupport for the minimum

cardinality of parent rows in parent/child relaships, leaving that support to developer-

written code. But relational theory and DBMSs pd®vtwo forms of support for the

maximum cardinality of relationships, thus earlpding maximum cardinality semantics

to the structures which provide their syntactidizadion.

12

13

The declarative vs. procedural distinction wdlie been clarified in an earlier discussion.

I'm undecided about two things here. First: sbdbis aside be enlarged and made an appendix?
Or perhaps covered in earlier chapters that intedlata modeling (the preliminary chapters for
the material on normalization). Second: even ffiledine, would this material benefit from its

own set of illustrations?
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Foreign keys that implementaany-to-many relationship exist in a separate table whose
primary key is a pair of foreign keys each of whgpzhnts back to one of the two related
rows. Foreign keys that implemeamationships of any other cardinality exist in one of
the related tables. But these are two differentagit structures, to which the semantics

of relationships are early-bound. Let’'s see how.

The semantics, in this case, is the maximum calitlirad the relationships. For example,
if a company says that only one salesperson mag$igned to any one customer, that is
what is commonly known as a “business rule”. Wisat | would call, viewing data
modeling from the perspective of semantic theor\gemantic constraint” (or, to use a
less bellicose term, a “semantfgature”). It expresses part of theeaning of the
relationship, in this case that salespersons areestricted to serving just one customer

but that customers are restricted to being serygdgt one salesperson.

If that same company decides later on to permitiplalsalespersons to be assigned to

its major customers, the business rule changeswitstates that a customer can have one
or more salespersons assigned to him. This is@gehia semantics; threeaning of the
salesperson / customer relationship has changsldotitid not require a change in syntax,
i.e. a change in the way physical data is stored.

Our astute reader might ask whether the use dethe “meaning” isn’'t a
bit overblown here. How is a change in relationgtapdinality a change
in meaning? Don’'t we change meaning by changingl¢fiaition of

something?

| think it's important to address this questiondnege until it is answered,

the whole paradigm of semantic theory, as appbethta modeling, will
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feel a little awkward. Lacking formal training imjtosophy or linguistics,
most IT practitioners are accustomed to thinkingheining as somethin
that words have, and that is expressed in theitlefs of those words. A
dictionary is where we go to learn what a word nseand we learn that
by looking up the definition of the word.

We will become comfortable with the language of astits being applie
to data modeling only when we can see word-mearangdictionaries a
just one special case of meaning in general. Iwdke my own attempt t
describe this broader sense of meaning. And becausrich has been
written about meaning, over the course of centutie®uld be remiss to
not provide at least a brief review of that mateoné&what others from
Plato to Lakoff have said about'ft.

Figure 14. Aside: Is “Semantics” Overblown?

But unfortunately, it is usually difficult to makkis kind of change. To change
cardinality to or from a many-to-many cardinaligguires a change to or from the
“separate table” syntax for relationships. In tase, the change involves the following

actions:

14 Haven't figured out yet where to put this materiam referring to. Probably prior to this set of

chapters. It's certainly too long for an appendbanticipate 15 — 20,000 words.) And also
certainly too important to a book which has as i@ tbeme the practice of data modeling
understood from the discipline of semantics.
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1. The foreign key must be removed from tlistGmer
table.

2. A new “associative” table must be addeldose
primary key is (a) a foreign key to the Salespeitsite,

plus (b) a foreign key to the Customer table.

3. The Customer table must be unloaded ansthema

altered.

4. The new associative table must be added.

5. Code must be written to load the new tadnhel the

altered Customer table, from the unloaded data.

6. All SQL and procedural accesses to thaliete that

referenced customer data must be rewritten.

Figure 15. What Must Be done When Relationship
Cardinalities Change To or From Many-to-Many.

And all this is completely unnecessary.

To summarize: the problem is that using foreignskiymake relationships requires two
different syntactical structures, depending onddelinality of the relationship. Those
structures are (a) the associative table; anch@pjembedded” foreign key, i.e. the
foreign key which resides in one of the relatedesb
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But the cardinality of a relationship is the maspbortant aspect of itsemantics, indeed
the only aspect of its semantics which the DBMS eafiorce. For example, if only one
of a pair of relationships can apply to any roveame table, the DBM&annot enforce
this semantics, i.e. it cannot prevent both fordigys from being referentially valid.

Another part of the semantics of relationshipsoistained in the labels attached to the
relationships in the data model. In this caseldbels are “serves” and “is served by”.
These labels, of course, don’t make it into thesudat DBMS schemas. They are just

labels on diagrams.

Moreover, as all data modelers know, relationshiels aren’t very important. If they
were important, we would pay more attention to thand we certainly would not change
them as casually as we do. Next week, | might cedegrves / is served by’ to
“manages / is assigned to”. And if | do, no ond wadlre. These are just labels on a
diagram, suggestions to the reader of the diaghawther words, although they carry
semantic content, that content does not make iysinta the formalism of the DBMS
schemas, and it cannot be manipulated by the fismaif SQL-implemented predicate

logic.

This distinction between semantics which are e)ga@$n formal
syntactic structures and manipulated by formaldagid other
mathematical transformations, and semantics wiremat formalized, is
of the greatest importance. If we can formalize semantics, then we ¢
use logic and mathematics to deduce new informditam information

we already know.

The computer science use of terms like “ontologi&sikxonomies”, and

“semantic constraints” all designate tleading edge of mankind’s
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attempts to formalize semantics so that the alistmachines of logic and

mathematics can extract new information from givdarmation.

Data modelers, in contrast to these computer sstentvork with awell-
established formalism, that of relational databases. Like torynalism, it
consists of well-defined structures and well-dafit@nsformations of

those structures.

It is important for us to understand the progrés$ mathematicians and
computer scientists have made in the formalizatiosemantics. But it is
even more important for us to do the best we carsiag the formalism
we work with on a day-to-day basis. And that istiehal theory and

relational databases.

Figure 16. Aside: Ontologies and Data Models. Leadg-Edge and

Well-Established Formalizations of Semantics.

Returning to the problem of maximum cardinalitis, have seen that in both relational
theory and relational DBMSs, relationship semardiesearly-bound to one of two
structures — embedded foreign keys or associaies. If the semantics changes, to or
from a many-to-many maximum cardinality, then timpliementation must change, as

described in the list of seven actions above.

Like a butterfly flapping its wings, this small perbation in the implementation of
relationships has had a dramatic effect on theeshiiindustry, one which can be, in its

destructive consequences, not unfairly comparededutterfly’s hurricane.

From the point of view of an ersatz linguist, afpesional philosopher, and an

experienced data modeler, | believe that Dr. Coddera mistake in replacing DBMS-
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internal mechanisms for identifying and relatinghabbusiness data. It exposes keys to the
costs and risks of change, and requsse®nyms — two different syntactic structures — to
implement relationships. | believe that this mistélas cost and continues to cost
companies more than any other identifiable compboktheir IT maintenance budgets.
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