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The Relational

Model Turns 25

---AND WE'RE STILL TRYING TO GET IT RIGHT.

David MeGoveran 15 president of Alterna-
tive Technologtes (Boulder Creek, Califor-
niat, a relattonal database consulting frm
founded tn 1976. He has written numer-
aus technical articles and is the publisher
af the “Database Product Evaluation Re-
part Sertes.”

16

By Davip McGovEran

odd began the 1970 version
(see Ref. 1 at the end of this
article) of his famous 1969 pa-
per on the relational model
{see Ref. 2) with the words:

oo USErs ... must be pro-
tected from having to know ... the inter-
nal representation [of data] .. Actvides

of users at terminals and most application
programs should remain unaffected when
the internal representation ... is changed.”
This was the key goal of the relational
model.

Ar that dme, application code (including

control flow smucture) was tightly coupled |

o the implementation of data soructures.
In addition, there was little uniformity in
that physical implementation: The data
structures and access methods were often
spectfic to each application, This approach
resulted in high maintenance costs, slow
development, and error-prone code. Shar-
ing data among applications was difficult
and file-orented. The very concept of data
base consistency was ilkdefined. The re-
lational model promised to solve these
prohlemns, as well as provide other busi-
ness benefits,

Monetheless, many applications are sl
suffering from the same oid problems,
Some of these are even so-called “rela-

tional” applications. Although the data-
processing world has progressed greatly
in the last 25 vears, the industry continues
to pay for the sins of the past. Legacy and
neritage systems still place a burden and
a constraint on businesses. In this 25th
vear since the introducton of the relatonal
madel, it seems appropriate to ask a few
questions:

* Why are we still fighting these prob-
lems?

* What should we expect of an imple-
mentation of the relational model?

= Has the relational model delivered, and,
if not, why?

In summary, just what is the state of ar-
termpts to implement the relatonal model?

Goals

| am sometimes asked, “Why should any-
one care whether RDBMS vendors im-
plement the relatdonal mode!?” [ find this
question both amusing and sad. To me,
the question is exactly like asking, “Why
should anyone care whether automohile
manufacturers follow the laws of physics?”
The answer to both questions: You want
a product that works: one vou can under-
stand, one that performs, one that meets
DEMS
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user needs, and one you can continue to
improve upomn.

ous benefits. (If you are a DBMS user
who does not want these benefits, please

= Minimization of application code and
improvements in code reliability: Services
are provided through a nonprocedural lan-
guage, thereby eliminating the most com-
mon sources of coding errors.

# [solation of performance and resource
management issues: The relational model
guarantees that database performance and
resource management problems can be
fixced without modifying the application.
* An active repository for business rules,
processes, and integrity constraints: The
database can represent relationships
among business entities, including man-
agemenl policies, workilow precedence,
and definitions of business functions and
objects in a consistent fashion. As the
business evolves, the business model also
evolves, becoming an accessible reposi-
tory for maintaining business consistency
and making training of new employees
more efficient.

= Guaranteed data consistency: The
DBMS can ensure that no user or ap-
plication makes a change 1o the data-
base that is inconsistent with the
business rules; it can also detect ex-

isting imconsistencies and period-

ically check database consistency.

o Guaranteed accuracy with-

out programmatic effort: The re-

sult of any query or update is pre-
dictable and meaningful. This
property is perhaps most essential

for transaction processing.

* (uarmnieed expressive completeness
without programmatic effort: The rela-
tional language can access every facl,
whether physically stored or derivable,
This property is perhaps most essen

tial for dectsion support and ad hoc
querying.

= Freedom to distribute

both data and processing:

The physical location and

distribution of data is independent of
and hidden from the application, per-
mitting distribution of

data, database pro-

cessing, and applica-

thon processing.

= The ability to grow: You can modify
database designs and their

physical implemen-

tatmml without

« (Concurrent user support: Data is mae-
imally shared. without loss of integrity,
among all types of users (and pro-
cesses), inchuding batch, OLTP, decision
auppurt,read-unlf ad hoc query, and re-

Gummdmmrﬂxdwtfﬂ.-
mneedmmaeahutdnwuf
database consistency.

» Algorithmic (and therefore highly au-
tomatable) logical database design: Un-
for determining whether a logical rela-
tional database design is correct. [t is im-
portant to understand that any physical
database design that can be mapped into
this logical view of the database is there-
fore an acceptable physical design. Phys-
ical design has to do only with optimiza-
tion, not relational correctness.

= High performance, Emited only

by physical resources: The

relational model is an
abstraction of the
physical

-y

jon, memery,

space, disk 1/O, network /0, and so onk:
No data type (including object data types),.
query, or ransaction exists that the refa-
tional model cannot handle as well as any
other model, because the relational model
guarantees that it can incorporate the tech-
miqques used by that other model to en-
hance performance.

The controversies continue over the ef
ficiency that is possible with the relational
model. Some end users still maintain that
relational systems can't handle real mis-
swon-critical QL TP systems because they
require excessive [/0, which is exacer-




bated by normalization. Some popular |

consultants claim that the data moded it-
self 15 unsuitable for tasks such as deci-
sion support . Object database proponents
claim thar the relational system can't sup-
port anvihing but simple data types.

RDBMS vendors build great products
that violate the model. claiming that their
products must address "the real world,”
1f these claims were the only evidence. |
would have 1o conclude that the relational
madel is not warth much, At the same
time, | must stand by the claims [ have
made previously in favor of the relational
model. So, what s wrong® Let’s look a1
what RDBMS vendors have accomplished
and how, and try 10 see i we can discover
what, if anvthing, has gone wrong,

We've Come a Long Way, Maybe

Since the first commercial RDBMS prod-
ucts began to ship in the late 1970s, users
have reaped many benefits, Vendors such
as Cincom. Digital. [BM. Informix. Hew-
len-Packard, Oracle, Svbase, and Tandem
should be praised for these achieve-
ments, which would not have been pos-
sible without the relational model. There

are several shining examples of relational |

lechnology's success. including the fol-
lowing:

s Relational DBMSs are the de facto
“‘open svstems” database solution at all
levels ol business. Each vear, RDBMSs
support a wider variety of platforms and
configurations. Indeed. the idea of an
“open svstemns” dambase is hard 0 imag:
ine without the relational model.

¢ There is now a single. standard lan-
guage (SQL) for data access. As a result,
RDBMS applications have achieved some
degree of portability and interoperability,
and training costs have dropped.

* Because of the high-level nature of re-
lational uvperations, we now write and de-
bug less code than we had to with non-
relational systems. In particular. we no
lenger necd to write sort, merge. or filter
routines, and we have g guarantee of oo
curate, expected results,

* Dabase integnity and transaction con-
sislency can be managed outside of the
application 1o a degree not possible with
nonrelational DBEMSs.

* DBMSs are significantly more reliable,
revoverable, avallable. and functional than
evieer hefore,

o Dtz modeling is now a science (though
analysis is not): We can identify mixes of
rar=actions and data structires that cause

| data anomalies or conflicts. and fix the

problems.

+ [BMS performance can often he im-
proved without requiring modification of
applivation code (and. in many cases, with-
out human imervention). Parallelization

[ of DBEMS operations has made grem leaps

forward in recent vears,

50
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= Distribution of applications and data- |

bases is rapidly becoming a viable ap-
proach, with fealures such as asyvnchro-
nous replication, triggers, and stored
procedures greatly improving both per-
formance and ease of use.

+ Enterprse-wide database designs and
implementations are now feasible (though
they are still in their infancy)

Despite these improvemenis, applica-
tions are stll being developed using low-
level, record-at-a-time database ar fle ac-
cess some RDBMS vendors have even
desigmned their products wo facilitate such
nonrelatonal access. They claim that their
products "must work in the real world,”
or that the husiness demands that they
“deliver what customers want and need.”

B Relational DBMSs
are the de facto
“gopen systems”
database solution at

all levels of business.

RDBMS users are still frustrated by
product deficiencies. Although relational
has clearly won the database mode] bartle
for industry acceplance and, in some ways,
dominance. many users still find reasons
to avoid an RDBMS solution. Among the
maore common reasons [ hear are:

o RDBMSs use more /0 than their non-
relanonal counterpars in performing the
same function.

* RDBMSs do not support complex data
structures (including objects, multidi-
mensional tables, hierarchies, and <o an)
or inheritance.

= RDBMSs can't manipulate cerain data
types (for example, textual databases),

e SQL s oo difficult 1o use,

= RDBMS operations are inherently just
ton show

For the most part, such users tend 10
equitte commercial RDBMS technology
with the refationil model, which is a se

riuus #rror. RDBMS marketing, sales.and |

engineering personnel often make the
same error. In some cases, so-called ex-
perts and vendors equate commercial
RDBMS products with the relational
madel as an excuse for cmilling impore-
tant functionality and as a motivation for
promating the next product release,
which wiil be “post-refational ™ [ believe
that the prublems assigaed to the rela-
twnal model are actually caused By viola
tivns of the model. either in product im-
plementation or ) use

The Relational Model:

Vintage 1969

Recently, | reviewed Codd's 1969 and 1970
papers, wriling down each of the features
he specified for the relational model by
Codd's counting there are about 501, Each
time [ read them, | am impressed by the
depth of the artcles and their succinctness,
[ almost always dnd a gem that [ previoush
overlooked. [f vou haven't read the papers.
please do. but be forewamned that Codd
didn’t use much space explaining the fea
tures he proposed. Without the writings
and lectures of C. J. Date, much of the pa
pers would be wo obscure for the average
reader, (See “Interdew,” page 62.)

Conceptually, we can divide the fea-
tures introduced in 1969 into three cate-
gories: structure, manipuiation, and in-
tegrity. Let's look at each of these in turmn,
commenting on the status of todav's
REBEMSs,

First, the structural features specify a
¢clean separation between the external
view of the database and the internal view
of the database, each supported by its own
language. The external view includes how
data is viewed and manipulated by users.

| programmers. and those who specify and

maintain the logical content of the data-
base. This is the place where relanons, in-
tegrity constraints. and relational opera-
tions reside.

The internai view of the database in- |

cludes how the data is stored, placed, and
manipulated by the DBMS software (for
example, the disk. tape, or memory data
structure and access methods, degree of
redundancy, and s0 on). Only vendors are
intended to have direct control over ma-
nipulations performed at the internal view
level At most. users specify which of sev-
eral supplied physical storage structures
and index rypes are to Support some struc-
ture defined in the external view, Users
musi not be permitted to mix references
10 the internal and external views, except
as needed to map named struchires in the
external view to their implementation in
the internal view. This mapping must ex-
ist outside the application as weil, beng
the province of the DBMS.

Today's RDEMSs consistently fail 10 ex-
ploit relational’s powerful separation of the
internal and external views. For the maost
part. they provide only a single physical
storage structure that simply mimics ta-
bles. giving phyvsical database designers
few clioices, [n particular, users seldom
have the choice of how to store a relational
table (for example, as an array. linked list.
or tree structure): of storing multiple ta-
bles together (for example, to optimize
HARS OF SCCeSS Lo repealing groups) or sin-
gle tables in separate partitions thonzon-
1al or vertical); of storing multiple copies
ol the data, of creating multitable or func-
tional indexes: and sa forth.

Even worse. it today's RDBMSs, the

L T = T
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TABLE 1. State of the art (selected 1969 relational features) '

Feature
Separanon of Invernal and External
‘hast” longuoge (H)

| pysical implementation defined in H

' arithmetic (ond ather) functions defined in
fata ndependente

| partial redundancy permitted in infernal view
tomatency enforced in internal view

| connectians distinet from relaianships
independerce of internal ordenngy

| inegendenca of indexing
independence of oceess path
storage declorotion in H

uncontrolled external redundoncy forbidden

| Structural
o model bated on nary relafiens
| First Narmai Form enforeed
anh row represents an o-fuple of on n-ary relation
order of rows i immateriol
| ordar of columes is immateriad
ofl rows are distind
domain name labeting of columms
na prodical fmit an reltion degree
| supgort for names of relaficnships

 sapport bighdove da mmpedaton {oours -u-s,um il
wmuﬂuﬁuunw

mirﬂl-hah—rﬂ—n
_m.t]r ..-..:E_'!‘T"

Implementation Stotus

E 2w e e U O I T X X =X

o E Y E OE E ZEZ X YVE E E X - U ™ =E

= = g

3 .
‘e E - W W W =< E O < &

wpes _rd subty |1l %

g’tn- ralization .m.. -,m--..-,iw.mun
single and multiple inheritance
cover aggregating

graph operations

dormain aperations

operations on collections of relations
* eveni-lype relations, with predecessar
and successor lunctions

* vanous vpes of integriny 1o suppor the

new functionality

Of this list, partial support in commer-
cial RDBMSs has heen provided for
Codd’s 3VL (much to the detriment of the
products. in my opinion). Also, a weak
ened version of surrogate keys. called sy=
tem-generated kevs, has been added 1o

RDBMS products during the intervening |

vears. All the other features explained in
1979 are snll lacking.

Related Technital Work
A large portion of the massive work done
on transaction isolation. database recov-

v, database consistency, database desym i

(dependency theory and normalization the
ory}. and query optimization since 1964
has benefited from and been a benefit tu
the relational model. Academic and in-
dustrial research have made it possible 1o
implement most of the relational features
in practical ways. The viability of Codd's
earty goal of logcal data independence con-
tinues (o improve; with most views and de-
rived tables now being updatable (see Refs.
8, 9, and 10}, there is little operational reas
son to differentiate derived tables from
base tables. To the user, all derved tables
(including query results and views) work
the same wayv as base tables

These advances have found only partial
implementation in commercial RDBMSs

For example. real query optimizers lag far |

behind the theory, partially because the
theory deals with relations while products
deal with nonrelanonal tables. Lack of sup-
port for the relational moedel is a crippling
disease that vendors and users should not
tolerate,

The 12 Rules and Beyond
In 1985, Codd gave a popular summa-
rization of the relational model in his now-

| | tarmous “Twelve Rules™ (see Ref. L1). The

rules gave the user community. in the
context of the wechnology of the day, a set
of puidelines for quickly determining
whether a DBMS product deserved o be
called relational. Unfortunately, but pre
dictably. vendors selzed upon the paper
x5 & marketing tool and gave it a vanen
af sumplistic, self-serving interpretations
Sueffice it o sav. these mules should not be
-onsidered the rechnical definition of the
relational model, Beware of thuse who de
fine thee model <o simplsticaliv_ Tell them
1o repd Codd = 1964 and 14979 papers
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Nonetheless, the 12 rules did se
a rallving point. They are __:.r'-l-}rlh|1_. re-
spensible for emphasis in the late 19803
on referenual integnity and primary keys
They also <arved as a pladorm to spread
a hetter understanding of the prohibiton
against subversion of the relatonal lan
puage and the need for relational closure
The prohibition against subversion re-
yuires that users be allowed to access and
manipulate data only through the rela-
RTEEn ,I aperators. Closure requires that the
af any relat i.rmv. operaton on are
.uum vield another reladon, thereby guar-
anteeing that operations can be nested
Given that Codd defined 333 rules in
his 1990 hook (see Ref 12), vendors often
complam that the number of reguirements
or their products w qualify as relatonal
keeps growing. This is a misunderstand
“mg, Version 2 of the relatonal model con
sista primarily of the features of the 1969
paper, along with a few features from the
9749 paper, with considerable detal added
In other words, vendors should have been
able to implement the greater portion of
Version 2 based on the 1969 and 1979 pa-
pers, Reading the preface to Codd’s 1990
hook, vou can detect considerabie frus-
ration and disappointment in Codd’s per-
ception of the state of the industry. |
heartily sympathize with these feelings,

Well, What Do You Know?

Perhaps the greatest filure of the RDBMS
industry is inadeguate mranmg. Throughe
it the commercial existence of relational
araducts, there has not been a time when
either users or vendors have had access
to a good supply of rained relatonal pro-
tessionals, Nefther vendors nor users can
b held fully responsible for this problem.
[0 a sense, (1S existence is a measure of just

e as |

® COVER STORY m

how successtul even the partial imple-
mentation of the relational mode! has been

Veadars. in their quest to b ing prad
ucts 1o market quickly, have heen forced
o hire individuals who do aot understand
the model, These well-meaning individu-
als have marketed, defined, and desigmed
products, changing forever the markel's
understanding of what is refational. Sim-
ilarly, users have had to ohtamm training
fram thess vendors, resulting in applica-
tions designed o use anvthing hut the re
lational model. Few socalled relational
professionals really understand the the-

B | have to admit that
1 have never seen a
relational DEMS.

ary, and therefore cannot assess the root
cause of product or application {alures,
This siuation, ultimately caused by the
premature success of psewdo-relational
products, has led wo considerable dissat-
isfaction among users. The result is cries
for dencrmalization, navigational access,
and object databases

The Neo-Relational Model

[ have to admit that 1 have never seen a re-
lational DBMS. 1 have seen many great
pseudo-relatienal (or SQL) DBEMSs; that
is, products labeled relational that mple-
ment a tew of the ideas in the relational
model, but simplv ignore many of the cru
cial ones, Nonetheless, [ can't say [ want
to go back to the days of the pre-"rela
tonal” DBMS. Writing and maintaining ap-
plications with prerelutional DBMSs was
just too hard and too uncertain, Designing
and maintaining the database was worse

TABLE 1. State of the art (selected 1969 relational features) (conduded)

fnlegraty
system-coptured desoiled semantic information
system deducrion of applicoble redundoncies
LEmsThount Siatement
vystem-determined stale consistency

| bach constraint checking

' usar-accessibla journai of siate changes

| Y= yos; N = oot supported; P = portially supported

fal}

- Wotws: This toble 15 based on the typical fectures and functionadity in the major
- Openingres, Cincom Supro, (BM DEZ, Hewlett-Packard Allbose,/SQL, Informix-Ondine, Orocls 7, and Sybasa 501
ﬁullh“lmihhﬁﬂm#ﬂmﬂﬂdh

5, if il s implemented in the internal view when 7 should be in the |
on the eveluation ks aither N

= 3 W O U E w

the relofional

RDBMS products, induding CA- |

It is amanng that, after 25 vears. RDBMS
vendors have heeded so litte of Codd's
19 paper. (See Table 1, pages 56 and &0
However, the reason becomes clear when
[ ask relational professionals f they have
ever read vither the (980 paper or the 195
version of it. Most say they have not

Perhaps we need a new name for the ri-
lational model. Let the existing products
have the old name. Well certify them a3
“truly relatiopal.” They can advertise as
such. Then well explain to them tha: whart
we want and need. and what they will profi
from the most. is something called the
"neceretatonal model.” The nec-relational
model will solve most, i not all, of the prob-
lems we have with “truly relational” prod-
uces, Best of all, this great model was in-
vented in 1969 by a guy named Codd. We
can even show themn his defimitive research
papers! They are publicly available.
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