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A methodology for designing entity-relationship schemas
starting from the description of conventional information

of
systems is ically explains how to identify
entity and r ip types by inspecting record types,
and how to integrate the result into a conceptual schema.
v can be viewed as the funda mbntﬁl step of the

The method
process of converting conventional systems to the
reover, it can also be used to produce a high

approach. Mo
level documentarion of such svstems.

L. INTRODUCTION

We propose in this paper a
15 starting from the 4 scmpmou of convcntlvnal, 1n:ormatioﬂ E
ow the objects of a conventional system - record types, fll@», /%td pools
interpreted into the basic concepts of the entity-relationship
itabase desig

n

we transform the observations collected inte a

are twofold. First, the conceptual schema

ha contributions of the

. Move precisel
concept

i
ting a convent Lowal information system to the database app
s should start with the de

we claim that the conversion proce

that the design should be based on the descriptio £ -d
pools. Then, the conversion process should ¢ u ith phyqic
gn and the conver tion programs up to the acrual loa
mase. The aovq**tuag this approach a lear. Firsr,
we have chosen £ ing poi
=]

1

n

proposed can be viewed as the ftmdzzment‘ai step towards conver-

v,

ords,
should
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normal

mal sel

elational conceptual schema he simils ¢ from t}'z«

and record v bear manv po 2 > non Howe

our method

be compare

n purpose.
This pzzpe; is
res the

ontaing basic conce

pts and
how record types and data

cction 4 describes a thathou of

Section 5 presents an
startiug from conven-

ks about the relational medel
ines a new norm
or future res

2. BASIC CONCEPTS AND NOTATION

agsume that the reader is familiar
in [3]. We will also consider rel
i other velationships.
identity from relati
ension of the model ¢

m
he notation we will use ¢

ationship concepts, as
rvigher order, i.e.,

ension also am'omodat{

onsidera
i

records in a conventional
of the form R{A,,...,}
i

we lgnore

From now
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assume the

n be draw:

(

(

(

(

(

9] C DBOCTOR (DOCIM)
firsc. E does not reference any other
rerm“’ by othe pes. Thus, we may agree that

ot deleted, de
nsniur that a

be free
VCTOT

to DO .
when cgn‘i

reference other

types

o

Similar observations to DEPT. Ecwwcr, ginc

field name, we DE?T as representing
is further reinforced if the file asscciated with DEPT treated as
that s, a file of relatively stable data that is frequently referred by amﬂ;{zz—

tion programs, but seldon updatec
In general, a data pool . = o validate input recorde and impose
uniformity : can be viewed as either defini
e

demain or an entity set. The ake into account at least th
facts:

accro

1lowing

we decide to view D as defining a domain, we cannot insert or delete

in D; however, the schema will be s impler since it will
one less entity type. The data pool D will usually have just one
when it defines a doma: althoughmulticolumn domains are not impossi-
The cardinality of D will also te d to be small.
(b) if, on the othe and, we decide to view D  as defining an entity set, we
are allowed to modify D; however, the schema will have one more entity type
11 be more complex.

1

and, hence,

lationship types

consequence 1is that the first cholce leads to less v
than the second one.

concludes our remarks about data poo

der now DEPT MGR. It references more than one record type and the set

of out-keys containg a key. We then consider that DEPT MGR defines a relationship

general, a record type defines a relationship type 1ff condition 7 holds

where

a record type and the set of out-kevs of R

a key

B to renced by other record types since we also

caeh
ach

we have

and, more
EMP (3L

NO) ise

and

record

EMPLOY
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1
H

have uately by replacing EMP

MER{D

CR{MER)

Now,

& not represent an enti
we propose to break EMPLOVEE

o,}w key NG

key

SIGMA accordingly:

)\X }

.‘{NO}
FMPL (NO)
)« DEPT (DN
EXPL (\'O)
< DOCTOR (DO

Now,
sents an e

hence, we may consider that FMPL repre-
it defines a relationship type, just like

DEPT ?«1(?‘(.
TFinally EMPL and EMPI

'onciucie t}mt a ngle record type,

relationship type.

were obtained by spli . we may
may iginate an entity

analygis of i3 is also interesting. rences Lwo
pes, but the union of its out~keys does not contain a key. Hence,

does not satisfy Condi DEPT

ccord types:

We then propose to

JAMES key NO, :
DOC (N0, NAME, DOCNMY keyv NO, \L\“L , DOCNM

References (26) and (27) are replaced by:

PL {/“\E())

ies Condi

since it .
weak entity ‘SL;:OY‘J;'I’té‘d t
4 subset of In general,
weak entity 1 condition 3 i

Now DEPDOC
we will

repre
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cept those in L:

corresponding field of K

{4} increment 1i;
(5) repeat steps 2 to 4 until no new pair of equivalent record types can be

found;

(6) R8' = RS(i) and SICMA' = SIGMA(LY,

Folding has an important property that essentially savs that no information
is lost during the operation. This property is defined as follows:
RS and RS' be sets of record types and let SICMA and SIGMA’
erences over RS and R8T, respective
' and STGM RS a e e an
B,

over RST with b record

istent sgtate v of we have the v is a consistent state of RS,

s
where v iz such thar v{g,) = v'{(E,). [J
i

m prove that the folding operation has the following property:

PROPOSITION 4.1: Le

Then, RS’

cf RS and SICMA.

and vice-versa.

that

ry remarks we needed to define

cattered in Section 3
i o

chema starting from a

ugtrated in
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and SIC

sm all out-kevs.

does not reference any record type.

containg a weak obiect type and no entity

R contains a relationship tvpe and no

ER-object iff R conta
or a relatio £

DEFIN

a well-formed setr of
tain (define) entity-relationship
H record type in RS contains (defi-

1
re

ON 5.2:
erences.
hema (or.

-
IRS
34
ch

With the help of these definitions, we can precisely define the ER-schema
design prob llows: "Given a set RS of record types and a well-formed set
SIGMA of references in RS such that the folding of RS and SIGMA contains an
ER-schema, construct a set RS' of record types and a set SIGMA’T of references over
RS" such that: RS' and SEGRA* define an FR-schema; RS and SIGMA represent RS' and
SIGMA"; RS’ and SIC sent RS and SIGMA.

We im the folding of RS and S
as otherwise the problem has no reasonable solution. Fold
collapse record tvpes represent the same entity or r

11

pose the condition that

IGMA contains an FER-schem:
54Ty Lo

] e, thusg
bﬂ CORL&IH an ER-schems

avolding tri of the condition that RS an (
The fi ate an entity-relationship

guarantees that we can assoc
', which was $ of this paper. The ot}
EWo u@ﬂﬂ“”ioﬁ' E: 2 that the schema has some very desirabie properti
i that we can construct a consistent state of RS' and

ate of RS and SIGMA, which guarantses that the final

ading the database - can be correctly perfo?ﬂed

stage of the conversion 1
The last condition indi z can construct a consistent state of
consistent state of ] : This condition i

mave

hence,
an dgp}, 3 the format of the
database since it may run o

cribes

senema.,

ER~sc

1%
et
[
e
m
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~gchena des

in Figur

ES

set SIGHMA
ER~schema
of referen—

the folding
a ser RS’ of reco

(A) RS' and SIGMA' define an FR-schema;
(B) RS' and SIGMA' represent RS and SIGMA;
{C} RS and SIGMA represent RS' and SIGMA';
We first prtvv (A). Since we assumed the folding of RS and SIGMA contains an
Definition 3.2, ) below holds after the folding operatior
the

(1) each recurd type in RS' type, a weak object type or a

relationship tvpe.

can easily check that (1) will be an invariant from then on.
loop in line (¥%) must t i because RS"initially contains a finite number
of record types satisfving ¢ ioop COnditiOn and, at each iterarion, each such
record type is repl dced by other record types not satisfving the loop condition.
Indeed, let R be the record type selected at some lcoop iteration. Since R satis-
fies the loop condition, we must hav

(2) R defines neither an entity type, nor a weak object type nor a relationship
type.

There are to consider:

entity type.

in RS' by RR(N rhat defines an entity type, and by RRI""’

define relationship types. So, R is replaced in RS' bv record types

the loop condition.

weak object type, but no entity tvype.

K contains a relationship type, but no ent: or weak object type.
5 finition 5.1(f), R defines a relationship type, which contradicts
S0, R could not have been selected at some loop iteration.

we know that the loop terminates and, moreover, we know that t loop
Cuhattion must be fal in the final state. So, the loop terminates in a stare

R in R8' defines an ER-object.

From (3}, we immediately A}. This concludes this part of the proof.

it suffices to observe that, by Proposition 4.1, (B} and {0}
of RS and SIGMA and that (B) and (C) are preserved each time
a record type B by other record tvpes.

To prove
hold after
algorit

This concludes the

convert the ou
by mapping ea
and kevs
the connections g
Finally, we obsarve that E
cbiect type of higher order 1f R

i

) are
will be consi
referenc
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also applies t«

¢
that defi-
commonly

-G ﬂ’yﬁél .

8=(R8,C) be a relational schema, where RS is a set of
netional and inclusion dependencies

v-Relationship Normal rm {ERNF) iff

is a get

(a} esach relatior
| .

>3 each inclusi

$ (we call it a refe S

Yy Oif R[X] < S[Y E S{Vv] are in C

dy S5 defines an

[N

¢ of having a schema in ERNF ig that we can find an nterpreta-
elationship concepts, which

advanta
the relation schemes i

understanding the dat:
note that ERNF intrir
preceeding normal fo

on interrelational dependencies,

algorithm in Figure 5.1 can be viewed as a nor-
a that contains an ER-schema into

dure tkat maps a velational schem
ER-schema.

Gce
valent relational schema that defines an

DIRECTIONS FOR FUTURE RESFEARCE

ussed, with the help of an example, how record types and data pools
can be interpreted in terms of entity-relationship concepts. The analvsis helped

us understand how record types are designed and let to the deve lopment of a method

for igning entity-relationship schemas from conventional information svstem
degcriptions,
The method depends on reasonable agssumptions. However, since quite frequen-

a chance
d, data
les, and

ly record references are not explicitly stated
of succeeding only if the conventional system ha
pools exist to harness cross-references betwee r From d}f{event fi

8¢ on.

The design of the conceptual schema is the steps necessary to
convert conventional information svstems to e approach. The actual
conversion (or not) of application programs :al database design are

cert

sic
inly other important issues that must be i
hed the question of what dictionary fac

have also left untou
help applying the metho
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