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tr t

n tional dependen ies are well nown for the e
lational Datamodel DM for almost  years now
hey are sed whenever val eson some attri tes al
ready determine the val es on some other attri tes
n tional dependen ies play an important role in
the design theory of relational data ases nda
mental is the nite a iomati ation for the impli ation

of f n tional dependen ies y the rmstrong ioms
rmstrong 1

he igher rder Entity elationship Model, in

trod ed y B halheim in halheim 1 2, pro

vides an interesting on ept al datamodel, as it is
stri tly fo nded in theory S hemata in the E M
an e mapped a tomati ally to relational data ase
s hemata It is nat ral to as , whether the theory
of f n tional dependen ies an e arried over to the
on ept allevel,ie,the E M

he start to this line of resear h has een made
in o mann, in , S hewe 2 2 where a nite a
iomati ation of f n tional dependen iesinthe E M
has een proposed  he present arti le investigates
the impli ation pro lem for f n tional dependen ies
in the E M hat is, given a set  of f n tional
dependen ies and a f rther f n tional dependen y
de ide whether isimplied y he nite a iomati
ation from o mann, in , S hewe 2 2 provides
a so nd and omplete set of inferen er les whi h
g arantees that isimplied y ifand onlyif an

e derived from sing only r les from ind
ing s h a derivation, however, is a di It pro lem
in general  his paper proposes an algorithm whi h
solves the impli ation pro lem for f n tional depen
den ies in E M in linear time his is of great
interest, sin e the E M is not only an int itive tool
for on ept al design, t may serve as a mathemati

almodel pon whi h pra ti al data ase management
systems are ilt

he paper repeats f ndamental de nitions from
the E M in Se tion 2  ne feat re of the E M
are nested attri tes, whi h an e derived from at
attri tes y vario s ways of nestings h as are ord
or nite set onstr tion Se tion s mmari es the
main res Its from o mann, in ,S hewe2 2 ,in

parti lar the so nd and omplete r le system for the
impli ation of f n tional depeden ies in the E M
iven a nested attri te , the set of its

s attri tes arriesthestr t reofa eyting Ige
ra In the eginning of Se tion it is shown that
the impli ation pro lem an e solved y forming the
los re of a nested attri te with respe t to the given
set of f n tional depeden ies his leads to a rst
algorithm that ma es dire t se of alge rai opera
tions from he orre tness of this algorithm is
proven In the se el, some theoreti al res lts reveal
how to omp te these alge rai operations y famil
iar means he rst algorithm is revised revealing its
omple ity inally, the orre tness of an optimi ed
algorithm is proven It is shown that it solves the im
pli ation pro lem for f n tional dependen ies in the
E M in linear time Se tion omments on the
implementation and shows some test res lts Some
appli ations of the impli ation pro lem for f n tional
dependen ies in the E M are dis ssed in Se tion
inally, Se tion s mmari es the res lts and dis
sses resear h plans for the f t re In parti lar,
the str t re of nested attri tes is s ient to de
ne the on ept of f n tional dependen ies for semi
str t red data and therefore, for M as well e
strongly elieve that all the res Its from o mann,
in , S hewe 2 2 and from this paper arry over

r r s

e ass me familarity with f ndamental de nitions of
the DM and f n tional dependen ies in the DM

ny of ite o 1, 1l ian 1 , Paredaens
1 provide more than we need

he setting of this paper is the igher rder Entity

elationship Model, introd ed in  halheim 1 2

or a omprehensive st dy see also  halheim 2
e rie y repeat the most f ndamental de nitions
that are needed for the se el of the paper
ne ey feat re of the E M is the nesting of

attri tes Starting point, however, is a set  of
s h as
et , aset of domains and a domain assignment



ta es a given
te names and assigns a ase
te names, ie, :

o nté le set  of attri
type to ea h of these attri

New types over an e o tained y the appli a
tion of s h as re ords, nite sets,
lists, m ltisets et hro gho t the paper we will se
the type system : : ,
is a ase type , a re ord

ie, a type over
type : with dis oint la els
for 1 and a o nta le set ,or a nite set

type he res Its of this paper, however, an e
e tended to m ltisets, lists and nions

he domain assignment for ase types an
then e e tended to a domain assignment for
all typesin ,ie, for all ,

and

where denotes the
set of all nite s sets of erein, we ma e the
ass mption that every domain of a ase type has at
least ardinality two

iven o nta le dis oint sets and of attri te
names and la els, respe tively, the set
of is the smallest set that ontains
all in | the , the
whenever and
are pairwise di erent, and the
whenever and

ttri tesin whi h then llattri te o rsin
side a set val ed attri te have a neat impa t on on
ept al modeling and do not o r in any other ap
proa hes to nested relations  herefore, the E M
approa h tonested attri tesis already di erent from
other approa hes to nested attri tess h as Mo ,

Ng, Em ley 1 , soyogl , anl when we
restri t the type system to ase, re ord and nite set
types
he type assignment : an ee
tended to a type assignment : y
, for every ,

and his in
d es adomain assignment on nested attri tes
with Note that the do
main of is some singleton set, for instan e
In the following, we identify nested attri tes p
to o ren es of within a re ord and p to the
order of the omponents within a re ord De ne
as the smallest e ivalen e relation
on with
) 7
for every
perm tation on 1,
if and only if
attri  te
is e 1ivalent to
or the sa e of simpli ity, we write

,n , and
s an e ample, the nested
instead of

he nesting of attri tes ind es an ordering on

nested attri tes Informally, for
if and only if omprises less information than
does e all a of if and only if

holds More formally, is
de ned as smallest partial order with

for all ,
whenever
for all 1 , and
whenever
he informal des ription of a s attri te is for

mally do mented y the following fa t If

holds, then there e ists a pro e tion f n tion

he order  on nested attri tes allows to gen

erali e the on ept of a s set s set
is alled a

of a nite set if and only if there is
a with for all

1

e are nally prepared to introd e e tended
data ase types in E M
onsists of a
name , a nite set : :
with pairwise distin t role names and
names of data ase types of order
and at least one  is the name of a data ase type of

order 1, a nite set of nested at
tri tes and a nite set of eys FEvery ey
is of form where

and is a generali ed s

set of Data ase types  of order have
and are alled Data ase
types of order are alled
iven an entity type

we de ne  the
as
and the primary

ey of as with

iven a relationship type :

: : ,
the is
and the primary ey of as

with
inally, a

E M S hema is a nite and non empty
set  of data ase types for whi h for all relationship

types and for all : also
holds n of assignsto every data ase
type a nite set s h that
for all and for all we
have , and for every ,
the pro e tion f n tion | is in e tive
A t t s
his se tion s mmari es the res lts from o mann,
in , S hewe 2 2 i aset of attri te names

and aset of ase types together with a type assign
ment
t et e a nested attri te
he set of is
| O
t A Dbr b ttrb t s
his s se tion des ri es the alge rai str t re of

In fa t we st dy the str t re of
iven ,itiseno gh to onsiders
tes of the same length, i e, or
the sa e of simpli ity, we will omit the otient and
se to refer to rthermore, we
an always ass me that a given nested attri te
does not ontain any o ren e of a nless
ortheo ren eisof the form S harepresen
tative does always e ist within the same e ivalen e
lass
e all that a is a distri
ti e with ottom element
inary operation = whi h satis es:

attri

tive lat
and a

i



for all In this ase, is alled the
of with respe t to he
of is then de ned vy
, 1e, as the relative pse do omplement
of with respe t to the ottom element he top
element is given y 1

It is 0 vio s that isa o nded

partially ordered set with ottom element and top
element
t et and
he , and
of and in are
ind tively de ned as follows:
i , i
and , and i ,
if , with
, then
for
and if , then
if and
, then
for O
O

he following res 1t des ri es the alge rai str t re
of and has een proven in o mann, in ,
S hewe 2 2

T

O

r Ar str A s

e repeat the de nition of f n tional dependen ies in
the E M, agenerali ation of the rmstrong ioms
and mention the main res 1t from o mann, in ,
S hewe 2 2 that these de ne a so nd and omplete
set of inferen e r les for the impli ation of f n tional

dependen ies in the E M
t et e a nested attri te
is an e pression of
the form where nite
set a f n tional dependen y
on if and only if for all val es with
always follows

f n tional dependen y on a data ase type is a
f n tional dependen y on the orresponding nested
attri  te O

Note that De nition in 1 des the de nition of
f n tional dependen ies from the elational Data
model for the ase of an entity type  where
ontains only simple attri tes
he notions of impli ation | and deriva ility
with respe t to a r le system  for f n tional
dependen iesin E M an ede ned analogo sly to
the notions in the DM, see for instan e ite o 1

etcal 1 ,pp 1 1 et easet of f n tional
dependen ies on a data ase type e are interested
in the set of all f n tional dependen ies implied y ,
ie, | | r aim is nding ar le
system  whi h allows s to show that

t he
on a data asetype are

hese r les are alled the , the
and the O

O

he main res 1t of o mann, in , S hewe 2 2
gives a nite a iomati ation for the impli ation of
f n tional dependen ies in the E M

T

O

t t rb t

he impli ation pro lem for f n tional dependen ies
in the E M is to de ide whether | holds for
an ar itrary set  of f n tional dependen ies on a
data asetype andaf rther f n tional dependen y
on heorem 2 shows the e ivalen e to
where  are the generali ed rmstrong  ioms
his solves the impli ation pro lem, however, nding
a derivation is ard o s  he goal of this arti le is to
solve the pro leme iently It willt rno tthat that
the res 1ts from the DM Beeri, Bernstein 1 an
e arried over tothe E M

s r

Similar as in the DM Beeri, Bernstein 1 , we
introd ethenotion of a los re for a nested attri te
with respe t to a given set of f n tional dependen ies

t

| O
In order to solve the impli ation pro lem |
itiss  ient to determine
r st
If , then
It follows immediately y the property of the
meet that holds
ss me that ~ Tt follows that
for |
he meet r le E ample
2 implies u



A rstA r

e will now present a rst algorithm whi h deter
mines the los re  of a given with
respe t to a given set  of f n tional dependen ies
on r algorithm is similar to the one proposed
in Beeri, Bernstein 1 for solving the impli ation
pro lem in the DM

A rt st Attrb t sr
t , set  of f n tional depen
den ies on
t t losre of withrespetto
EPE
ea h D
I EN
ENDI
ENDD
UN I
E UN
e show that lgorithm 1is orre t,ie,
r st
e rst show that holds  he al
gorithm starts with : and holds
o vio sly he EPE loop omp tes the meet of
and for whi h and .
holds m st therefore e as attri teof and
Proposition 1 implies o e onl de
__y transitivity and e have
shown that is invariant for the EPE
loop, hen e

e show now that " holds as well Sin e
the de nition of  depends on , we ass me that
there is a hain

where every res lts from y appli ation of
some derivation r le of the generali ed rmstrong

ioms et e ar itrary with and
e show that holds in this ase

In parti lar, follows from
with e o tain y sing
and or what remains to prove we pro eed y
ind tion on If , we ass me that
If , then at some point he E
PE loop omp tes and we
o tain as stated If , then on
tains e a tly one here is nothing to show
for all f n tional dependen ies in hypothesis

h s, we onsider only and disting ish three

ases
If res lts from applying the re e ivity
a iom, then Sin e y ass mp

tion, we o tain immediately

If res lts from applying the e tension

r le, then with
B t then implies y hypothesis
and therefore also
If res lts from applying the transitiv
ity r le, then there is some with

and If ,
then we on 1 de and y hy
pothesis

O

In order to st dy the omple ity of lgorithm 1 we
need to omment on how an e tested for

rthermore, it is des ri ed how
to omp te the meet

b ttrb t sSs

e are going to hara teri e the s attri te rela
tionship etween two nested attri tes herefore,
the notion of a s attri te asis is introd ed

t et he
of isthe smallest set
whi h ontains and where every an
e represented as for some

O

e will now show some properties of the s attri te

asis

r st

S ppose et
Sin e

ss me
we m st
with ,
for 1 and 2 rom
for 1 e onl de that
for some for 1
y de nition of a s attri te asis herefore,
with and| | 2  his

that
have

follows

ontradi ts the minimality of and the fa t
that It follows that
and, therefore,
S ppose now that holds
Sin e for some and
, it follows that for
some Moreover, every element in
is also a s attri te of and, th s,
onse ently, O

he ne t lemma an e shown sing a simple ind
tion on the str t re of

he ne t res It allows s to form the meet
y omp ting the s attri te asis and
and ta ing their nion

r st



rom follows

y
Proposition and, therefore,

e show
that for any there
is some with

It follows then y De nition 2
that
et emma 1 implies that
for and
Moreover, for some
and for some
onse ently, for
Sin e
the meet an e ta en over
O
or all p oming omp tations, we ass me that ev
ery given nested attri te doesnot ontain  nless
it is or o rsin the form within
Please note that a given  might even e transformed
intos h aform and that s h a transformation an

e a hieved in linear time
the s attri te asis for a given nested
attri te intime | | where| | denotes the
n m er of all sym ols sed in

lgorithm 2 omp tes

A rt b ttrb t ss
t for a data ase type
t
a: S IN | , ,
:S IN |, level level :IN E E
level:

level

IESeletNet ael in D

I level level EN
Delete last level level entries
from the end of ,
Delete rst level level entries
from the head of ,

ENDI

level level

I ype eord EN

E SEI -ypea Set EN

ppend to

E SEI EN
ppend to
ENDI
ENDD
EUN

he f n tion Sele t Ne t a el a sear hes thro gh
the inp t string for the ne t attri te la el hile
sear hing the o nter level is in remented whenever
an opening ra e or parenthesis is fo nd In the
same way level is de remented when nding a los
ing ra e or parenthesis ype determines the
orresponing type onstr tor that is sed with the
la el  yloo ing at the ne t sym ol hene te
ample ill strates the algorithm Sin e every sym ol

from theinp t isreade a tly on e, the omple ity
of lgorithm 2is

O

iven a set of s attri tes, we will now
present an algorithm to omp te the meet

lgorithm  has omple ity | | |
If isas attri te asis of somes attri te
of ,then| | | | and the time omple ity of
lgorithm is adrati in |
A rt tt t
t for some data ase type
t t
, :S IN | level :
IN E E
ea h D
I EN
E SE
Sele t irst a el IN
IE SeletNet ael In D
I EN
Sele t Ne t a el In
E SEI Is ast Entry n level EN
I EN
I ype lat EN
eplae y
E SE
eplae vy
ENDI
E SE1 EN
Determine End f evel level in
I ype lat EN
ppend o End flevel in
E SE
ppend o End flevel in
ENDI
ENDI
ENDI
ENDD
ENDI
ENDD
E UN
he string denotes the attri tela el together

with the whole re ord or set str
depth level

t re on its nesting



O

e ring now lgorithms 1, 2 and together

A rt st Attrb t sr

t , set
den ies on data ase type

t t

of f n tional depen

los re  of  with respe t to

e.ah

omp te
EPE
eah D
I EN
omp te
ENDI
ENDD
UN I
EUN
lgorithm is orre t d e to Propositions 2,

and If a f n tional dependen y

hason e een sedtoe tend ,it an e
removed from the set
O
r st
L | min | [ ]
s seen efore, it ta es | | operations

to omp te and learly |
| If , then | | |

y Proposition he pre omp tation of the s

attri te asis for every ta es
therefore | | | | omp tations
In ea h step of the EPE UN I loop,
the inner loopise e tede atly| | times
he in 1 sion test ta es at most

| operations  he same holds for all op
erations within the I EN ran h  herefore,
| | | | operations are ne essary for the inner
loop
he EPE UN I loopise e ted at most
| | times sin e the s attri te asis an
not have more elements and at least one element is
added in ea h step Moreover, the EPE UN
I loopisee ted at most | | 1 times asev

ery element in an ontri te to the e tension of

at most on e inally, the omp tation

of ta es | | operations O
t t

he idea of the optimi ed Ilgorithm is the fol

lowing: for every s attri te one

onsiders f n tional dependen ies with
n array stores this set of depen

den ies for every element in some More
over, one onsiders for every dependen y the
n m erofs attri tesin whi h have not
een added to the s attri te asis of the los re
hisis done sing an array If , every element
in is added to the s attri te asis he
set ontains s attri tes whi h will de nitely
elong to the s attri te asis of the los re, and

is de remented whenever

A rt t A

t for data ase type
f n tional dependen ies on ,

t t the los re of

, set of

with respe t to

ofINE E ,
of sets of f n tional dependen ies

N: rray
IN: rray

ea h D

ENDD
ea h D

I ' EN



r st

or the orre tness proof we show
and ~, or e ivalently
" and o he rst
in 1 sion follows from the initiali ation of and
In fa t, only s attri tes from

are added to n the other hand, is
only e tended, if for

his is only possi leif every s attri
isalreadyin 1 dedin ,ie,
Using the transitivity r le we infer

te in

or the inverse in 1 sion
we onsider, as in the proof of Proposition 2, a hain

where every res lts from
one r le from the generali ed
iss h aset and

y appli ation of
rmstrong  ioms If
with , wWe

show he laim follows then as in
the proof of Proposition 2

e pro eed y ind tion on If , then

we ass me that If ,ie, if

, then every s attri te in

elongs to at some point in time  his

means, the s attri te will e sele ted d ring the
I E loop and will e de remented

s this holds for all s attri tes in , the

n m er e omes event ally In this
ase, is added to and indire tly to

his implies as laimed

or , the set ontains e a tly one

he statement an then e proven as in the
proof of Proposition 2
In order to prove the omple ity, we rst loo
at the initiali ation loop s a loop it is e e

ted | | times B ilding and al lat
ing | | ta es at most 2 | | operations
together he inner loop is e e ted e a tly
| times Sin e adding a f n tional de

peden y to an e done in onstant time if

is represented in an appropriate way as a list,

and sin e | | we 0 tain a omple ity
of | | | | for the initiali ation
he ITE loop is ee ted at most |
| times sin e every s attri te an e
sele ted at most on e  he inner loop is e e
ted at most | | times  learly, if ,
then all the s attri tesin have een on
sidered and annot 0 1 any f rther in the
algorithm  en e, the I test eval ates to at
most | | times Sin e the nion operation on
ta es | | time, it follows that the statement
: ta es on the whole also
|| time en e the algorithm has time
omple ity | | | O
e ill strate lgorithm with an e ample
2 2

1 1
2 2
1
1
(|
In the literat re, | | | | is s ally on

sidered as the order of the inp t rom this point
of view, Igorithm is a linear time algorithm for
the omp tation of the los re of a nested attri te
and also the main part of a linear time algorithm for
the impli ation pro lem for f n tional dependen ies
inthe E M

r

tt sts

fter investigating the impli ation pro lem from a
theoreti al point of view we will now loo at it from
a pra ti al perspe tive r aims are 1 to demon
strate that the presented algorithms an e imple
mented, and 2 to eval ate their e ien y and inves
tigate the pra ti al relevan e of the omple ity res lts

sing randomly generated sets of inp t arg ments



rs t tt

his s se tion omments on the implementation of

the algorithms o tlined in Se tion 11 algorithms

have een implemented in ased on the pse do ode
presented

lgorithm 1 omp tes the los re  of a given

s attri te ere, we hose to represent  as an

n alan ed tree Ea h path in the tree orresponds

toas attri teof he tree of is onstr ted
in a way that it ontains a path for every s attri te
of h s, the test whether holds orre

sponds to the test whether the tree representing is
as tree of the tree of

If holds for some , then the
meet of and m st e omp ted aving the
tree representation of and this omp tation

orresponds to e tending the tree of with paths

that e ist in the tree of t not in the tree of

he implementation of lgorithm is ased on the
notion of a s attri te asis owever, we have al
ready sed something similar in Igorithm 1 Ea h
path in the tree representation of  orresponds to an

element in the s attri te asisof andvi e versa
In general, lgorithm di ers from Igorithm 1
in three aspe ts: the pre omp tation of for
every , the string representation of all
s attri tesof ,and the deletion of f n tional de
penden ies from that have een sed to
e tend
avings has attri te asisthes attri te
test an simply e replaed y a s set test and
the meet omp tation y a mnion of sets Both an
e implemented e iently if the s attri te ases

are sorted  herefore, it is ne essary that all inp t
arg ments satisfy the following re irement: every
two entries of the same re ord val ed s attri te
of or af n tional dependen y in | respe tively,
m st appear in the same order as they appear in the
orresponding re ord val ed s attri te of e
ass me that every given arg ment satis es this on

dition rthermore, the nion of two s attri te
ases is re ired to have the same order as any
s attri te asis generated y lgorithm 2  his

additional property does not in rease the omple ity
of the algorithm

lgorithm adds f rther enhan ements
the n m er of omp tations in the inner loop
isred ed n the other hand, this a ses a signi
ant in reasein then m er of pre omp tations his
algorithm an e implemented nder the same ondi
tions as a ove

Mainly,

sts s ts

e will now present some res lts of the eval ation
of the three introd ed algorithms whi h solve the
impli ation pro lem for generali ed f n tional depen
den iesin E M

irst, we o tline the aims nderlying o r eval
ation, followed y some remar s on the test system
and an overview of the tests presented in this se tion
inally, test res lts are presented, dis ssed and
eval ated

he eval ation pro ess mainly aims at 1 eval at
ing the e ien y of the presented algorithms and
investigating the pra ti al relevan e of the o tlined
omple ity res lts sing randomly generated sets
of inp t arg ments, and 2 determining whi h s
ro tines s algorithms have a positive or negative,
respe tively, impa t on the overall performan e of

every algorithm

he following properties, settings and restri tions of
o r test system are important for the interpretation
of the res lts
he test system onsists of three mod les and al
lows to prede ne test settings viaa on g ration le
hesein | despe i ationsof the ma imaln m er of
entries per re ord val eds attri te, a range for the
average n m er of entries per re ord val ed s at
tri te, arangeof pro a ilities for reatinga ats
attri  te, pro a ilities for reating a set or are ord
val eds attri te, the pro a ility for inserting a ,
then m er off n tional dependen iesin ,then m
er of non appli a lef n tional dependen ies among
all dependen iesin ,then m er ofinp targ ments
to e generated, the test mode, the n m er of how
many times a tests sho 1d e repeated and so on
he rst mod le generates sets of inp t arg ments
ased on the settings in the on g ration le oro r
tests, all relevant settings for this mod le have een
set to owever, we aim at testing sets of
inp t arg ments that are relevant in pra ti e h s,
despite having all of the relevant settings set to
, there is an internal limit for some of them, e g,
the n m er of f n tional dependen ies is limited to
1
he se ond mod lee e tes the algorithms a pre
de nedn m er of times and he s whether the om
p ted los reisindeed orre t erein, the same al
gorithm is e e ted repeatedly with e a tly the same
inp t arg ments as some performan es might e af
fe ted y other pro esses sing the same system re
SO I es
he third mod le olle ts test val es and om
p tes test res lts a ording to the spe i ed test
mode here are fo r modes:
and an whi h is not
relevant for this paper ny om ination of the fo r
an e sed

e ran three tests with the same sets of inp t arg
ments  irst, 1 of those sets have een omp ted

hen, the rst test wasr n to determine the average
e e tion time for every algorithm he se ond
test has een sed to o tain the average memory

sage for every algorithm  his is an aspe t that is
often not onsidered when investigating thee en y
of algorithms from a more theoreti al perspe tive

hese two tests meet o r rst o e tive inally,
the third test investigated whi h s ro tines have
a positive or negative, respe tively, impa t on the
overall performan e of every algorithm hs, or
se ond o e tive

est res lts are shown in ig res 1 and 2 S rpris
ingly, lgorithm 1 has the estres lts B t why is
this
onsidering ig re 1, the memory sage seems to
have a igin en e on the overall res lts owever,
it annot e the only reason  hen onsidering ig
re 2 and the e e tion time of the N lgorithm
s ro tines, lgorithm 1 is still s perior  his is
d e to the representation of the s attri tes in the
algorithms s mentioned efore, lgorithm 1 is
sing a tree representation whi h is e ivalent to s
ingas attri te asis Infat,itt rnso tto ea
m h more e ient representation as the one hosen
for lgorithms and
rthermore, we have to eep in mind that only
pra ti ally relevant sets of inp t arg ments are
onsidered herefore, e e tion times are ite low
herefore, the in  en e of e pensive operations,s h
as a ess to main memory, string operations et , have
a ig impa t and annot e ignored omple ity
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ig re 2: Eval ation es lts of the N lgorithms

onsiderations, on the other hand, do not ta e this
intoa o nt

omparing lgorithms and , lgorithm
does not really ene t from the enhan ements pro
posed It has to maintain slightly more memory re
s lting in a slightly higher average e e tion time
onsidering the individ al test res lts for the 1
sets of inp t arg ments there is an indi ation that
this hanges
ig re 2 o tlines the di eren es etween oth
algorithms  lgorithm has a m h faster initial
i ation and pre omp tation phase than lgorithm
his is no s rprise sin e Igorithm pre
omp tes m h more information he advantage
of these in reased pre omp tations ome into play
when onsidering the e e tion time of the algorithm
itself Sin e lgorithm has to omp te s at
tri te ases with every loop, lgorithm re ses
pre omp ted information owever, lgorithm is
not s perior d e to the fast e e tion times and the
low n m er of times that one of the pre omp ted
data is re sed  inally, post omp tation times are
almost e al

In s mmary, the pra ti al eval ation of the algo
rithms presented has determined that the represen
tation of the data and the si e of the memory main
tained have a de isive impa t on their performan e
omple ity onsiderations have only a minor in
en e when onsidering pra ti ally relevant sets of in
p t arg ments herefore, it might e interesting to
analy e the omple ity from a parameteri ed point of
view  esear h in this dire tion will follow It wo 1d
also e interesting to now how oth, lgorithm

and lgorithm | perform singm hmoree ient
representations  herefore oth, Igorithm 2 and
lgorithm , m st e modi ed too

A t s t t rb

he algorithms from Se tion for solving the impli
ation pro lem are s ient to solve several other
pro lems related to f n tional dependen ies e will
demonstrate some appli ations in this se tion
et e a set of f n tional dependen ies on a
data ase type and s
attri  te with is alled
if with
If does not ontain
any e traneo ss attri tes, then it is
In order to test whether
ise traneo sin ,one anapply
if for
s attri te of that f n tionally determines
t does not ontain any e traneo ss attri tes
an e fo nd sing the following simple pro ed re:

with

lgorithm  to test

ea h D
I EN
ENDI
ENDD

his red tion pro ed re is e e tive for f n tional
dependen iesin  and those in herefore,
it an e sedto nd a set of red edf n tional
dependen ies with Sin e it ta es time
| | | | todete t an e traneo s attri tein
asingle givenf n tional dependen y, it ta estime |
| | | to ndared edf n tional dependen y
and time | | | | to nd

nother appli ation of o r algorithms is to elim

inate red ndant f n tional dependen ies fn

tional dependen y is alled in a set
of f n tional dependen ies for a data ase type , if
isaset

of f n tional dependen ies on  where
and does not ontain any red ndant f n tional de

penden y
In order to determine if is red ndant in , one
an apply lgorithm to test if
s set that is a non red ndant over of an

e fo nd sing the following pro ed re:

ea h D
I EN
ENDI
ENDD
Note that isalwaysas setof ,altho gh this
is not a re irement of a non red ndant over he

r nning time of the overing algorithm is o vio sly
|
is alled a
, if there is a f n
en e, a test if
ivalent to test

nested attri te
for the data ase type
tional dependen y on
isas per eyfor ise

ing if In order to test whether isa

,ie isas per ey and no proper s
attri te of isas per ey, ise ivalent to testing
whether isred ed
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n tional Dependen ies are a val a le tool in ela
tional Data ase Design e ently, the notion of f n
tional dependen ies and their nite a iomati ation
have een generali ed to a di erent data model, the

igher rder Entity elationship Model o mann,
in ;S hewe2 2
he arti le ontin es this line of resear h It is
demonstrated how to solve the impli ation pro lem
for f n tional dependen ies in the E M in linear
time  his generali es the sol tion to the same pro
lem in the DM
here are several ways to ontin e resear h in this
dire tion Ne twewo 1dli eto ild panormali a
tion theory in the E M, similiar to the one in the
DM e are on dent that the res lts for Boy e
odd Normal orm and hird Normal orm an e
generali ed tothe E M
rrently, we are also wor ing on an a iomati a
tion of m 1Iti val ed dependen ies in the E M, pos
si ly leading towards a generali ation of the o rth
Normal orm
00 ing at nested attri tes, we wo 1d li e to ad
dress the nite a iomati ation and e ient sol tion
for the impli ation pro lem of f n tional dependen
iesin M and semi str t red data
inally, the a iomati ation of error ro st f n
tional dependen ies has re ently een st died in the
DM in ,S hewe, halheim2 2 andthe E M
in , S hewe 2 2 hese are f n tional dependen
ies whi h are even satis ed after some errors o r
he estion is how to solve the impli ation pro lem
for this lass of dependen ies e iently
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