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A Terminology of Things.
So we have the following terminology.

* Things are what there is.
» Particulars are types of things that exist in their own right.
* Individuals are instances of particulars.

» Universalsare types of things whose instances exist as giep®r relationships
of things (either particulars, or other universals)

» Conceptsare instances of universals.

* Properties and relationshipsare types of universals.

Events.

If things are whaexist, events are whdiappen. Like things, events have both types and
instances. But unlike things, we don’t have congehone-word terms to designate event
types and event instances.

Events alter the properties and relationships iofy#h Things change by taking part in
events. For example, a receipt event alters thieamrat balance property of a product at a
store. The completion of an MBA degree alters &well of education property of an
employee. The assignment of an employee to theiposif store manager for a store
alters the relationship between the employee amdtiire.

An event type is distinguished from all other evisnpes by any or all of the following:
» the particulars that take part in the event;
» the properties and relationships of those indivigltizat are affected by the event;
and
» the properties and relationships of the eventfitsel

For example, the receipt of a shipment is an e\Rantiiculars involved in the shipment
might include the supplier, the carrier, and thpaittment and company receiving the
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shipment: are One relevant property of the shipment itsethe items it includes, along
with their product types and quantities. A releviahationship of the shipment might be a
relationship to the one or more purchase ordersiwauthorized it. Properties of the
event itself include when and where it took plagkether it was a profitable or
unprofitable event for the supplier, or for shippitompany, eté.

So we have the following terminology.
* Eventsare what happens.
» Types of eventare types of what happens.
* Instances of eventgwhich the unqualified term “event” will more conomly be

used to refer to) are points in time, or delimiséi@tches of time, at which an
event of a designated type occurs.

Semantic Constraints.

There are four kinds of rules that suffice to presehe semantics of data in
databases, making that data an accurate repraegertgathe things and events in the
real world that it is about. Dr. Ted Codd firstmdiéied these four rules, and the
history of the use of relational databases hasieoeadl his hypothesis.

1. The first is that objects must have an identityt thatinguishes them from all
other objects.

2. The second is that the properties of an object tmeisecognizable properties.
3. The third is that relationships among objects meisite objects that exist.

4. The fourth is that changes to an object must biel vgiven the current state of
that (and possibly of other) objects.

The first three rules (constraints), in relatiodatabase terms, aeatity integrity ,
domain integrity andreferential integrity . The fourth constraint can be called the
state-transition integrity constraint.

“Might include”, rather than “does include”, besa the particulars and universals involved in
events depends on what the company interestedée thvent wants to keep track of.

“Include”, rather than “may include”, becausénaligh what is included or not is always a matter
of what we are interested in, we almost nevertéalle interested in when an event occurred.
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Identifying, Describing and Relating.

These three functions should be done separately.méans that identifiers should
not contain business data, because business gatafibition, is descriptive.

Identifying.

* This means thaturrogate keysshould be created for every token — for every row
of every table in every database. These keys shmmigglobally unique.

* No table should contain anything else in its priynieey except a single attribute
globally unique identifier. Dates should not bermmary keys. Purchase order
numbers should not be in primary keys. No foreiggskshould be in primary
keys, including primary keys of associative tables.

» With identifiers based on business-meaningles®gates, relationships are also
freed of descriptive content. This is becauseimiahips are implemented with
foreign keys (in relational databases), and soalsib be based on surrogates.

* Among descriptive, non-key attributes of data, ¢hee three categories. One is
the set of attributes defining theisiness keyfor a table. This is the set of
business-meaningful data that makes rows in a tabtpie. Normalization must
be defined against business keys; it's meaningiben defined against surrogate
keys.

Describing.
* Next, the required attributes (including foreigry&emust be defined.

* Finally, the optional attributes (including foreigays) must be defined.
However, optional attributes would often not beiamal if subtypes were
defined, and the attributes migrated down to orth@fsubtypes. It is optional
because there is one subtype where it is appli¢abké required), and another
subtype where it is not applicable.

» This subtyping strategy takes care of the optigmallable) case based on
applicable or inapplicable. However, some attributeay remain nullable even
after this migration, because for them nullable ms¢@applicable, but currently
not known”.

» Part of the process of transforming data from loeganterprise in status is to put
it in acanonical formin which the attributes used to identify and reledntain
no semantics other than those roles, i.e. are gatedkeys. At the same time,
normalization should be applied, and based on the businesshddteonstitutes
unique identity.
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Relating.

Ontologies and Data Models.

An ontology consists of the types of things relevant to aexttgrea, and the
rules governing the relationships among those tgpésings.

So a data model records an ontology, with the sainléhe model representing the
types, and their relationships representing theticeiships among the types of
things.

But two or more data models, with different taldesl relationships, can both
fully represent the same subject area. Both cduallyenormalized. What, then,
makes one better than another?

One important differentiator is how well the modeigress the ontology of the
subject area. Afontological correct” model is one whose tables are one-for-one
with the types of things in the subject area, ahdse relationships are one-for-
one with the relationships among those things. Fedels are completely

correct, ontologically. But some are much more exdrthan others.

An ontologically correct model is more intuitiveydamore clearly conveys what
it “is about”. This makes the code and queriestamiagainst it correspondingly
clear. This clarity results in fewer bugs, and fea@nfusions.

Often, the more ontologically correct model is alsore expressive, supporting
gueries that the less correct model cannot. Ofterare not even aware of these
deficiencies in the poorer model until the bettee ¢s created, and a comparison
is made.

Events and Relationships: Transactions and Balances.

A transaction is the record of an event. some events we donftdsagecording in
our database. These are changes to things, wheseeighno table of the
transactions that caused the change. Updating plogee’s date of birth, for
example.

Some events we do record in our databases. Tramsaables are the records of
those events. Each transaction represents one, dkerd receipt, a sale, a
transfer, a hiring, a promotion, etc.

If events are recorded, it should be possible achieéhe current state of a thing by
going back to a previous state, and applying alltthnsactions from that point in
time to now. If only some transactions are kepe {thportant ones), then this will
not be possible.
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* Transactionsupdate balanceBalancesare the net of transactions. Balances are
the record of a relationship between things. Curatances, then, are the current
status of the relationship. For example, a creatitl alance is the record of a
relationship between you and the bank that issedard.

* Inthe ontology, transactions are events, and bakare relationships among
things.

» Often, these relationships (balances) exist inanades. A chart of accounts is a
hierarchy of balances.

Facts and Dimensions.

» Factsare what is true as of a point in time. Transagiand balances are both
facts. These facts are the ones most often uskattssn the star-schema,
dimensional data mart sense. This is because diamaisnodeling focuses on
the activities of a business. Transactions arerdscof those activities, and
balances are the point-in-time relationship stegseslting from those activities.

» Other facts are not considered facts in the dinograsimodeling sense. For
example, the end-of-month snapshot of employees, say two years, is a set of
facts because each is a point in time view of mgthBut in this section, we will
use the term “fact” only in the dimensional modglsense.

» Dimensionsare perspectives on facts. They are categoridadts. For example,
store, sku and date are dimensions for inventolgnicas, and for inventory
transaction totals, such as receipts, sales, #e)skturns and adjustments.

* Dimensions usually have a hierarchical structuaet$are attached at the “leaf
nodes” of their dimensions. This permits usdalt-down ” from the top of one
or more dimensions through to the bottom, and themn to the transactions. It
also permits counts, sums, totals and averages ‘twled-up” from the
transactions to the various levels of individuahdnsions, and of combinations of
dimensions.

» Often, summary-level metrics involve too much nghlto be computed “on the
fly”. So summary tables, called aggregate tablasstrhe physically created and
maintained. But given the number of levels of savdimensions, and the number
of members at each level, the storage requirenagrtprocessing time to create
an aggregate for all the combinations of all thetances of these dimensions, is
usually prohibitive. So only some levels and corabons of levels can be
materialized.
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Types of Tables.

First a word about types. Types depend on a carftextexample, from the point of view
of relationship dependencies among relational salalk tables belong to one of only
three types, those being:

» Kernel tables, ones whose unique identifier does not containfargign keys.
Policy Holder and Invoice for example. Rows of la@rables do not depend on
any relationships in order to distinguish themseglere from the other.

» Dependent tablesones whose unique identifier contains a foreigwy lkack to a
kernel table, together with a unique identifier éaich instance of the dependent.
A reference to a row in another table is a necgsganponent of the set of
attributes which distinguish these rows from onether. Covered Family
Member (of Policy Holder) and Line Item (of Invojder example.

* Associative tablesones whose primary key contains two or more {préieys,
and no non-foreign key components. Referencesws o the tables related by
the associative table are sufficient to distinguishis of the associative table from
one anothet.Customer / Salesperson and Invoice / Paymeniamele.

The context in which kernel, dependent and assweitdbles are types has to do with
relationships among tables, and whether they aressary and sufficient (associative
tables), necessary but not sufficient (dependdxesd, or neither necessary nor sufficient
(kernel tables}.

So within what context do | distinguish differeppés of tables? That context is an
ontology. “Ontology”, of course, is bBig word, one that | will discuss in depth elsewhere.
For now, think of it as a set of basic categoriealwat there is. The formal study of
ontology goes back to Aristotle, in particular ie WworksCategories andde

Inter pretatione.

The definitions would have to be extended alitti be truly exhaustive of all cases. What about,
for example, a table with three foreign keys, athpes two foreign keys plus a date, as the
primary key?

The fourth case — that in which relationshipssar#icient but not necessary — is ruled out
because, for reasons | will not go into here, ewvermpponent of a relational table’s unique
identifier must be necessary.
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Individuals and Particulars, Concepts and Universals.

Tom Johnston
September, 2005

Now let’s see how the ontological categories defimePart 1 are reflected in different
types of database tables.

Particulars, Individuals and Persistent Object Tables.
Persistent object tables are tables which reprgsatitulars. Each of their rows
represents an individual. Some typical examplelside

e Customers

e Salespersons

* Invoices

* Invoice Line Items

* Organizations

* Zip Codes

Some examples of tables which do not representphats include:
» Accounts Receivable
* Customer Status Codes
* A Customer Salesperson cross-reference (assogitdive.

At the end of this essay, it should be clear wheyl#tter three tables are not persistent
object tables. In case it isn't, I'll briefly exptawhy.

Universals, Concepts and Reference Tables.

Reference tables are another type of table. Theg@netimes called “lookup tables”, or
“code tables” or even “domain tables”. In geneealch row of a reference table has a
code and a description of what it means. Sometittess an abbreviation instead of a
code, and a full name instead of a description.

Color, and its instances red, blue and green, wbeltepresented in a database as a
reference table with three rows. Customer statde,cand its instances VIP, in good
standing, standard, poor and high risk, would Ipeegented in a database as a reference
table with five rows.

Instances of reference tables exist as propedra®lationships) of instances of things,
either of individuals (instances of particularsjpbiconcepts (instances of universals).

° Note that an individual can exist only once, wtdlconcept can exist as many times as there are

things that “instantiate” it. This is another imfpaot difference between particulars and universals.
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In contrast to particulars, universals don’t edisbugh time, and so cannot change.
Color, for example, doesn't exist through timehaiigh there certainly were colored
things in the past, are colored things today, aiticoe colored things in the future. But
things exist in time in the sense that they exigheir own right, and except for eternal
things (if there are any), their instances begiexist at a point in time, and cease to exist
at a later point in time. This isn’t true of thesiances of color, or of customer status, or
of any other universals.

Here’s another way to look at the unchangeabilityroversals. Certainly the words we
use to designate universals often change their imgawer time. “Naughtiness”, in the
King James bible, meant “evil”. These days, it n'esmmething much more frivolous.
But if we are willing to distinguish between unigals and their representation in
language, we can say that the universals did revigdy but our labels for them did.

So suppose we have a reference table of CustormersSTodes, with one row in that
table being the code “VIP”. And let’s say that thesiness decides, on a certain date, to
change the definition of “VIP” customer from “custer who has made over $10,000 of
invoiced purchases in the last twelve months” iastomer who has made over $10,000
of invoiced purchases in the last twelve monthswahdse credit score is above 700”.
Hasn’t the concept of VIP customer changed?

We could indeed say that. And if we did, we wouddusing the term “change” in a wider
sense than | have been using it. There is nothéegssarily wrong with doing that. But |
am creating a set of distinctions by using “changethean “change in one or more
properties or relationships of particulars”.

This, of course, makes a tautology of the statertattuniversals do not change. My
justification for using “change” in the sense | aBing it is that it helps me explain my
ontological categories in a way, hopefully, whisttiear enough to allow others to use
those categories in a way consistent with my intenase for them. Another justification
is that | think that if we did extend the term “clig@” to include change in universals, we
would have to admit that, in a sense admittedlyadift to explain, these are two
different senses of the term “change”. In otherdgot think that my use of the term
“cuts nature at the joints”, i.e. is somehow ndttather than artificial.

Event Types, Events and Transaction Tables.

Transaction tables are a third type of table. Heafisaction in a transaction table
represents one event. The table indicates thedfypeent in question.

For example, sales are events. This kind of eveully has four main participants —
buyer, seller, what was sold, and what was givesxihange. In non-barter sales
transactions, goods or services are sold, and wlgaten in exchange is money, or the
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promise to pay money at a later date (i.e. credlt)four participants in this type of event
are particulars. All four participants in each arste of this type of event are instances of
those particulars, i.e. individuals.

Unlike particulars, but like universals, events’tahange because they don’t endure
through time. Eventsappen, and then they are over. For this reason, the @agon to
update a transaction — the representation in dds¢atable of an event — is to correct a
mistake. A transaction is never updated becausevibet it represents changed. Again,
events don’'t change. They happen, and then thegvarewith.

Particulars, by contrast, do change. So we migtatgua row in a Customer table, for
example, because the customer represented bythathranged his address. We might
also update a row in a Customer table becauserigiaal data entry was in error. But for
transactions, only the latter reason can justifypaate’

Transactions may involve only one thing. For examnpbspital staff may take a patient’s
temperature twice a day, and record it on a cii&e.chart is a transaction table, and
each entry is a transaction. But the patient iotilg thing affected by the transaction. In
these cases, transactions record the change oparpy of a thing, in this case the
temperature of a patient.

But many transactions involve two or more things] ahat they reflect is a change in
the relationship among those things. These kindsaofactions have a cumulative effect
on that relationship, and the current state of tbhatulative effect is recorded as a
balance.

A Special Relationship: Balance Tables.

An inventory receipt, for example, increases thénand quantity for the type of product
received. It also increases the total accountsipeayar the receiving company. It is the
equivalent of a sale, only one in which the compiartie customer instead of the seller.

The transactions that most businesses are intdriestge those that affect relationships
that have quantitative measures. A payment isvedean event. The relationship
between the payer and payee is altered by the anbtime payment. That relationship is
recorded in a revolving credit balance record,|se @n accounts receivable balance
record. The payment is recorded as a credit, antddlance due is decreased by that
amount.

Note that | talk about updating a transactior,almut changing it. | do this because | am tryting
draw parallels between ontology and databases Beedp things clear, “change” will be an
ontological term, referring to what happens inwweld, while “update” will be a database term,
referring to what happens in a database as a tiefleaf what happens in the world.
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These records are called balance records bec#esa,dee-saw, the relationship they
affect swings now one way, now back the other vizZmch change to the relationship is
triggered by a transaction, and the net effecho$é changes is the current balance of the
relationship. The transactions are so importanydwer, that we keep track of them, and
usually provide the ability to “drill down” into tse transactions to get to a history of
how the current state of the relationship came &abou

Balances aren’t the only kind of relationship. Thare other kinds. A Customer /
Salesperson Cross-Reference table — an assodilieg in relational terms — represents
a relationship between customers and salesperEbisstable might represent a business
rule which states which salespersons are authotasell to which customers. This table
can be updated by a transaction, but those updeta®ot important enough that we keep
track of those transactions, or provide the abibtydrill down” into those transactions
from the relationship.

To summarize: companies are all about ongoingiogistips. Those relationships are
affected by events, which are recorded as tramsectRather than adding up all
transactions that affect a relationship each tirmemant to see the current state of that
relationship, we keep a current state of the i@hstiip record — a row in a balance table.
Financial account tables are balance tables; eaazduat number uniquely identifies a
particular relationship, and the metrical properté that account tell us the current status
of the relationship.

Four Types of Tables.

So derived top-down from my background in the @ojahical study of ontology, and
derived bottom-up from my decades’ long experiemitk business databases, | have
aligned one with the other to come up with thedwihg types of tables, and their
correlation with ontological categories.

» Persistent object tablesThese tables represent particulars. Their ropesent
individuals. The principle of the identify of indisrnibles, and the distinction
between essential and accidental properties, 8eeted in the entity integrity
constraint, that no two rows of such tables aratidal, either in total, or in their
primary key columns.

» Reference tablesThese tables represent universals. Their rowgsept
concepts. The identity of indiscernibles and theensal vs. accidental property
distinction apply here as well. If we think of reface tables as consisting of a
code and a description for that code, the codeei®ssential property. But a
change in the description, the non-essential ptgpisrnot a change which leaves
the concept alone. It is a change which introdaceew concept that replaces the
old one by “taking over” the code.
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» Transaction tables These tables represent types of event. Their represent
specific events of that type. Events don’t charfigeey happen, and then they are
done with. Because of this, transactions are ugdaéy if they were entered in
error. They are never updated because what theyibesias changed. Again,
events don’t change.

* Balance tables These tables represent relationships whoseistateered by a
series of transactions and which are important ghdo be persisted. Practical
considerations aside, any balance could be redeateneeded, “on the fly”, by
summing up all the transactions that affected thlationship. But balance tables
describe the web of ever-changing relationshipsdbgane the internal and
external state of the company as it has been affdny that company’s internal
and external interactions with other things.

Ontology: Does It Matter?

What I'm trying to do is bring a high-level pattefrom another discipline (in this case,
ontology), to bear on the practice of designing sétables to efficiently and effectively
record and return information. Because this patteso high-level in comparison to
collections of tables in individual databases,vakie is not easy to see.

One value is that it is a repeating pattern thatareuse to “chunk” our experience. But
from this perspective, it is no better (or worsert the pattern of three types of tables we
mentioned above or, more generally, no better asgthan any other applicable pattern.

But | think it's a valuable pattern in a much sgensense than this. And | will talk about
this additional value in a later essay on ontoldlyg,semantic web, and the IEEE’s
1600.1 Standard Upper Ontology workgroup.

This set of ontological categories is, as far lasaw, unique. So also is this set of four
types of database tables.

Wrap-Up.

In the language of ontology: particulars endureeylhave properties, and relationships.
Events happen, and in happening they affect pdatieuboth their properties and their
relationships. Ongoing relationships often haveraent state that is continually being
affected by certain kinds of events. For thosetiaiahips, we often want to keep track
of and review the events that impacted them.

In the language of databases: some tables represesigtent objects. The foreign keys
those tables have represent their relationshigbstf@non-foreign key columns represent
their attributes. Transactions take place whichatipdhe values of certain attributes.
Other transactions take place which update the sfatertain relationships. We
generally don’t keep transaction tables for thener kind of transactions. But for the
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latter kind of transactions, when the relationshiyesy affect are important enough to be
represented by an account, we want to know theoustate of the account — its balance
— and often want to be able to review the succassidransactions that generated that
balance.

The first description is a basic ontology. The setis a discussion of types of database
tables. The parallels are important and valualiflepagh that is a claim | have yet to
defend.

And, finally, to why each of the tables in our shst of non-persistent object tables, is a
non-persistent object table.

An Accounts Receivable table is not a persistej@atibable because it is a balance table.
As such, it represents a relationship, not a paeic Accounts Receivable accounts do
not exist in their own right; they exist only asegord of the current state of a
relationship.

Customer Status Codes are reference tables. Thegsent universals, not particulars.
Their rows represent concepts, not individuals.

A Customer Salesperson Cross-Reference (assogitable is also a relationship table,
albeit not a balance table.

A rule is a constraint on an object. It's calleduke because the term “business rule” is
popular, and that term is understood to have sangeth do with the meaning of data. A
business rule is a constraint on data that whallyaotially gives that data its meaning.

Can relationships have properties? Can properéeslated? Can relationships be
related?
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