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INTRODUCTION

With the addition of Structured Quary ullzlllo!(lﬂl-h a
dactabase language that has becowe tha Asarican NMational
Standards Institute (AMSI) standard for relationsl
databasa language, in Version 6 SAS® software, it ia
baneficial that SAS aystawm "‘m‘"‘ davelopers
becowe proficieant in relational design thaory.
This Inowledge will enable us to Dattar design
relational databasas and tables in order to facilitcata
the efficient quorg.i‘nq of the same by our users. In
this paper soms ign issuss regarding relatlional
databases will be discussed.

RELATIONAL THEORY AND DESIGN

Relational theory was developed in ths late 19408 and
published in 1970 Edgaxr. F. Codd, tham an IBN
ressarcher. This :g.ory assists in the design of
relational databases and in the efficiant Ermﬂ.m of
user requests for information from the da -

The following four basic premisss can be derived from
Codd’s 12 satabliabad yules of relational theory:

1. are used to store information in a
a 8.
2. The tables can be related to one anothay in

diffarant mnanners to represent varicus data
relationahipa and views by using RELATIOMAL
ALOEREA

3. provides & standard matheodol .
yie a consistant approach o
relational database design.

4. W limit the type of data and
U ONA. Y of data modasl attributea.

A relational databass consgists of a collaction of
, aach of which is sssigned a uniqua name. Zach

& has rowa and columna. A row in a tabla repressnts

» ABONG & set of valuaa. SRince a4 tadble is
a collection of auoch relaticnahipe, thare ia a close

P be the pe of muh-na the
mathematical concept of relat +r from which the
ralational data model takes NARS .

Seructured Query Language({8QL) implements the basic
relational algebrs operators thrmg tha sslact, £ ’
m—;uFE.—ar.‘u.—.—.*. The Fesult 6F o 8ol aeety dara
relation. Following is & simple quary uaing the
sample table found in Figure 1. "Display the
trial, patiant numbar, and EKG abnormality of all

patients with an abnormallty code that is between
100 and 200 inclusive.":

prooc sqly N
dalect trial,ptno,ekgabny
from .uqnbnoir ‘
whare akgabn batwean 100 and 3007

Tha result of this SQL quary is the following relationt
TRIAL  FTHO

1 a 108

1 2 102
In order to desoriba the structure of & datadase, we
nesd to define the conoept of a « A4
m],_.t-qaou.mionoteo 1 too or damcribing
ata, data relationsbips, and consistency conatraints.

pDesigners and davslo CaAn reap many banafits from
qgood data modeling. It makes code mors straightforward,
tly reduces developmant and salntsnance timse, can
BPYOVE SYStER POrTOrMAlce, and data intagrity.
It aleo gives the system graatar durabllity in the rface
of‘ .h;-v!.tahl.t changes, allowing for a longer useful
l1ifetine.

A poorly designed data structure, however, causes
trouble esarly In the devalopment process and it Keaps
oreating problems for as long as the installed aysten is

maintained. At best, it makes coode hard to undevaeand,
difficult to wmaintaln, and inefficiant to rum. At
worst, we may get well into the developmant process
befors realiting that the aystem is incapabls of
producing soms required cutput slements.

ENTITY-RELATIONSHIP MODEL

One of the primary modaling techniques im thar of the
o approach. The othars ilaclude data
ow AGTaRS lararchic process Alagrams as well.
In this paper the = will be
discusasd sinoe it as  an
amogrunto Sata model for database dasign and Ss widely
used in practice. Using this appreach, designs can be
builit around the idantification, analysis, desaription,
and relationships of real-werld functions, procasaas ,
and data antities of the bDusinass.
The E-R modal is a modal comprised of the fallouwing
thras typss of conatruota:

1. entities and attributes(data itema)
2. sntities relationahips

3. attribute conmtraints or domain

An antity is a person, place, or thing (real or
abstract) about which wa atora deta. Examples of antity
’t‘gr are PATIENT, VITAL SIGNS, NONITOR COMNTACT,

CATION, THERAPRUTIC AREA, ADVERAE EVENT, DRUG
INVENTORY LOCATION, DELIVERY SCHEDILE, ato. An
individual entity will become a row in a ralational
table. An entity set ia a set of entities of the sane
type. This will becoms a table of a relational
database. For ex le, the set of all patients with ENXG
abnormalitiss are defined as the entity set EXGARNOR in
Pl e 1. dimilariy, the set of all abnormaliity codes

their descriptiona can he defined as the sntity st
ABOODES, for sxample.

Attributes are the ssallest units of data in the data

wodel. These will bacome the columns in the database

tables. An  entity lis z-prmntm A mat of

attributes. - Acttributas of the EX antity are

trial, patisnt-numtar, visit, and EXG abnormality code.

Possible attributea of the ABCODES sntity could be EXG
lity cods and EXG abnormality description.

A relationabip ia an associaticon among several entities.
Zach entity or table may de rslated to any or all of the
other tables in any numbaer of ways. For .:l?l.., e may
define a xrelaticnahip set VITEXGAB to dencta the
association Datwsan the table in Pigure 2, VITALS,
patients vital signa and the table in Flgura 1,
EXGARMOR, patiants EXKG abnormalities. The assseiation
is depicted in Fiqure 3. Tha 5i8 SOL cods to ganerats
this association or join is as follow:

proa mqls -

from vitals v,akgabnor ®
v. p:otm’aol.-. protocol
and v.trialee,.trial

and v.pthome.ptne
and v.visitee.visits

For each data alemsnt oxr attribute thers ia a sat of
allowed values, Callad ths domain of that attributae.
HOT MULL{MN) , NUNERIC(N), (C), PRINARY KEY(PK),

The effectivenssa of ¢he E-R approach in defining
;tructm ures is constrained by the following thrae
- TE3:

1. entity identificarion
2. entity dafinition
3. entity rslationahipe icentification and

deaginition
Pirat, the analyst or Jdemigner wust r izs the
varicus antities and determina why thay are of intereat

to the organisation and then name them. The gﬂc.t!ia
identification of an entity has meaning only within the
context of the organization. It is whatever tha
business detfines it ba, and that definition must make
sanse within the context of the organisation.

Second, it wust be detarminsd as to which attributes of
sach of the ldentifisd entitise Ake neesded by the
organization and why. Make a tentative list of all the
attributes that might conceivably b relavant to sach of
the identiflied entitiaa. Review the list carsfully.
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When the right attributes are matched up with the right
antities, figure out how sach actribute might best be
repressnted as one or wore columns in the tabls
associatsd with ita entity. For axample, we nead to
carefully conaidar the primary Kk for aach antity in
that we nesd €0 identify ons that will uniquely idantify
sach row of the entity (for sxample, patisnt numbar
d with prot 1 and trial).

And finally, the anslyst or designer smust idantify and
define the relationships which exist Detwesn the
identified and defined asntitiss and their rxelative
i ce to the organirzation, neelng the p!imy and

w r

ralations. Thess relationships can be dirfdicule to
define sinoe the relaticonships are dynamic depanding
upon the situational requiressnts.

The sbove is an iterative OOUES « Desiding what
Inu.u.n m;& tm m r tvmt to oue mliutxnn
s & very important

analyeis and dJdesign. It n.n. a 10t to lmou tha
business or industry in which you are ml!lnﬂ. and it
helps sveh morée to have a broad how
your potsntial users think.

DATABASE NORMALIZATION

The relational model ides a nusber of
analytic tools that offer invaluable assistange in
duiqn.tnq and optimiszing the data structures for ouxr

lications. The tools ara called the normal forms,
an the process of spplying them is ocalled
normallization. ’

Normalization is a formal, systematic procedure for
tasting your tantative data structure against a asries
of wall~dafined rules that derive logically from the
sathematical thedry underlying the relational dJdata
model. It insursas that the data modal is in the most
stable(i.¢., lesast likely to change) form. If wWe uas
the rulss of nermalisation to oxreats data atructures, we
are likely to save a lot work in thes Jdavelopment
ProCNEs .

rour important properties are asscoclated with a table
that represents a rslation in a databasa:

1. N two rows <an be identical.

2. The ordering of these rows is
insignificant.

3. The ordering of the columns is
insignificant.

4. Pach data itew should be atomic{i.es.,
nondeconposable, such as an integer or
charactar string).

When thesa four propartiss exist, the is called
n lized. The goal of normalization is minjmize
ﬁ potential for data maintenance anomalies and
redundaciss.

The normalisation procass consists of sequantial sup-
for vefining the data model. A design, which has baen

refined through the firat stap is sajid to ba in fipst
normal form. If the ssoond step is cowpletsd, the
design ia in the aecoOnd normal fork. The first, sacond,
and tihird norssl Iforms yleld substantial pncexen

Comwplying with the Firat normal form reguires
alimination of repsating columns or groups of columns
fxrom esach table. All columns in a table Bust be relatad
£o the primsary key of that table in a cne—to-one BANNGE.
In Pigqure 4 the primary Key of the DRUG tadbla ia
PROTOCOL. The table is in viclation of the firei normal
form rule since each protocol may hava more than one
invastigator. PROTOQOL and DRCG l1a repsatad for
PROTOOOL 999.

As illustrated in .rl.qu.r. ., v.la].-t.tnq tha first normal
form rule may Since antire rows
sust be :tmm to l.l.lw tor -u.lf.l.pl.a valuaa of tha
incorrectly placed columny inability to completsly
1dentify vhat tbha inocorrsctly placed column reprasantss
and wmaintepancs dJdiffioultisa({i.e., if adding a new
investigator means Mldl.nq & new row, 1 tha protacol’s
attributﬂ( ‘-z name) wWust De completely
resntared b.co- apparant that investigator name
iluﬂtm.ttrlmotlwau!mmmm\ﬂd
not ba a columm in tha DRUG tabla.

Pigure 5 shows the DRUJ tabls reatrzucturad to correct
for the first normal fo¥m viclation by desleting the
INVESTMANE column. Of course, an investigator antity
would hava €& bha <created with its appropriats
ateributas.

T™ha second degree of normalization involvas tablas that
have %1&y kKays{Pg) (,l..-. , primary kaya that
are cCons by concatanation of twWwo or mora
secondary keys). Violating the second norsal form rule
nay cause: dats redundancy duae to one oFr BOre Columns
containing frequently repaating data valuss? maintanance

éi!ﬂ.aultl.ut and srronscusly combini an entity table
and & relation tabls into & single table.

As lllustrated in Pigure 6, the DRUGNANE is an attributs

of tha PROTOCOL rather tahn of tha TRIAL within tha

pmooo:.. Thus it is deapendent only upon

the concatenation of both

STATUS <column denotes tha status of the

rm:u. within the PROTOCOL for the atudy. It im
depandent upon the aentirs primary kay and it is

lagitimata in this tabla. Saa Figure 7 for a posaible
olution te this problem.

The third form of normalization involves sliminating the
dependence of any non-key fisld upon any othexr fields
axoapt tha primary kay. Mo two non-primary key columns
in a table may be relatad in a one-to-ons  BANRGT
form Will cause the same sywpioms ae whes violating the
corm W cause Same s as w viola the
£Airst and second normal forms.

As jllustrated in Figurs &, the STUDYTRAN table, the
srobxu bars is that we have two m—m fields

upon sach othar rathax than upon the m:inry
key li eld, ENPLOYER-QOUDER. TEAN and LEADER=QODR
trmlt.l.v-ly dapandent another. maq
chm. aithar of <cthaas two t.lal.d- v!.tllout
[ 11 unml.y making appropriats changs to tha othay
BAY introduos ancomallies into our database.

poasible solution is to to re-structurs the table
into multiple tables as in Figura 9.

We could go on normalizing to tha nth form. But fureher
normalizing is impractical and unnscessary. PFor morse

detalled normalization ressarch, I would recowmand that
mmm refer to ‘A Ralaticnal Nodel of 1I:.t-n fox

communications of the ACH, Vol 13 No. &, Juns 1970,
‘Relational Databases: Tha Raal 5Ltory’ by fAtaven J.
vaughan-wiohols in BYTE, Vol 18 No. 14 ,Decamber 1990,
and ‘Interfacing MNormalizad Relational Database
structurss With 8SA8 Software’ by James R. Johnaon and
Rogar D. Cornajo of Glaxo published in 2A4 Usere Group
Internaticnal 15th Ainnual <Confarances procesdings
(PP.432-427).

CONCLUSION

In a relational databasae, avan the most complicatad data
relationships can be reduced to two-dimensional table
formats via tha data norsalization proceas. ™his
t:::.u makes changing and displaying information sasier
it is undex othar dats models.

BUt, normalization is not a panacaal It will not
validate the selaction of entitias in the data wmodals
detact rasdundant ancitien, ox validate antity
relationships. What practical normaiization will do is
winimiza data msaintanance anomaliss; wminimise data

# ensurs that the intarnal table structurse
ave in ROSt astabla formr and ascmetimes detace
mltiple sntities which wexre erronecusly coubined into
one entity in tha data model(thir normal form
vielation).

Ia » tha of & ralational database design is
tO QaNaCAts & & of ralation schemas 'r.lut allow ua to
atore information without edund s Yot
allow us to ratrieve information m.u.y. w.l.:ll tiu Use
of SQL, snd-users would now be able to accese Jdata in an
ad hea way.
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Figure 1

EKGABNOR TABLE

|

i

Sample EKG Abnormality Table

VITEKGAB
PROTOCOL | TRIAL PTNO VISIT DBP SBP HRT EKGABN
N,NN,PK | N,NN,PK | N,NN,PK | N,NN,PK | N N N N N

999

Figure 3

Relationship between VITALS and EKGABNOR tables
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DRUG TABLE

PROTOCOL

DRUGNAME

888 Primon Doe

999 Bacrinol | Stein
999 Bacrinol | Johnson

Bacrinol

Miller

Figure 4 Violation of First Normal Form Rule

DRUG TABLE

| PROTOCOL | DRUGNAME

Primon

999 Bacrinol

Figure 5 Correction of Violation of First Normal Form Rule
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Figure 6

Pigure 7

TRIAL TABLE

PROTOCOL TRIAL DRUGNAME ST@TU?_

N,NN,PK N,NN,PK | C C

888 1 Primon CONT

888 2 Primon WITHDR

999 1 Bacrinol | CONT
JBacrinol | CONT |

Violation of Second Normal Form Rule

TRIAIL TABLE

PROTOCOL,
P

N,NN,PK

888 1 CONT
888 2 WITHDR
999 1 CONT
999 2 CONT

Correction of Violation of Second Normal Form Rule
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STUDY TABLE

EMPLOYEE~-CODE
S

C,NN,PK «

426111817 A888 | 359111111
357888222 B88S | 426111817
111224444 Z921 | 431445555

888998888

Figure 8 Violation of Third Normal Form Rule
STUDY TABLE
R
STUDY-CODE | STUDY-NAME LEADER~CODE
C,NN,PK c C
——— . =
111 Tacrinel 426111817
222 Pirmenoll 222334444
333 Tacrine2 888998888
444 Quinaprill 345678901 u
STUDY-TEAM TABLE
426111817
357888222 111
111224444 333 '
999999999 444
Figure 9 Correction of Violation of Third Normal Form Rule
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