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Abstract

A set of n tuples In a relation of a
relat{onal database design is tested upon-
the constralnts of the join dependency.
Some constraint equalities are found to
be. redundant. To remove this superflulty,
the universe of attlbutes is partitioned
into n disjoint sets and a new notation

of join dependency is introduced. The
checking time in each run of n tuples Is
significantly reduced by a factor of
(n~1)/2 when n > 3. The result of less
costly constraints checking {s of great
fmportance for a large number of tuples in
a relation.
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1. Introduction

In relational database theory, a relation
s simply a set of tuples or a table with
one column for each attribute and one row
for each tuple. Normalization rules
provide guidelines for relational schema
design in order to prevent update anomalles
and data Iinconsistencies. The study of
!Integrity constralnts was initiated by Codd
{n the functlonal dependency (FD) on the
second and the third normal forms in 1971
[Col} and [Co2]. Six years later, the
fourth normal form was defined in terms of

mult{valued dependency (MVD) in a many-to~
many relatlonship [Fal]. These two classes

of dependencles have captured a great amount
of semantic Informatlion of the real world.

As an extenslon of MVD, mutual dependency (MD)
[N1] and hierarchical dependency (itb) [Dbe]
were proposed. In 1978, KRissanen Introduced a
very powerful data coanstraint, known as the
join dependency (Ju), [R1]. The
characteristics of Iits lossless joln
decomposition leads to the formatlon of the
fifth normal form {Fal2]. Except FD, the

other above ment loned dependenzies are just
the special cases of JD. Because of the

part lcular lwportance of JD In the database
design, a preat many of the papers have
explored the propertlies and the complete
axiomatization of the JD, [ABU}, [BV] and (Sc].
Checking whether a relation Instance 1s in the
fLfth normal form, we need to check it agalnst
the JB. In this paper, we will provide a
method to reduce the cost of constraints
checking for a particular class of Jb which

is to be characterized.

2, Joln Dependency

The joln dependecncy [Ma] and [Ul] is defined
below:

Let R = Xl, X,y s X be a set of relation
schemes ovér t%e anivelse U. A relation r{u)
satisfles the n—~JU, *[Xl, XZ’ cee X ] ifr
decomposes lossless ontd a projections,

xl, XZ, oo Xn:

r =N, (D Ty (P .- STY (r) (1)
that is, r is the natural join of Its
projections onto the Xi's.

In other words, if r contains tuples t., t,,
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then
r must contain a tuple t in R
such that
t(x,) =t,(X) 1<1<n (3)

3. Redundant Constraints Checking in JD

Assume R(U) is a relation schem over 4
subsets, Xl’ X,, X3, and X, in the universe
U and each™X %s made up o? some of the
attributes in the universe, such as A, B,
C, D, E and F. For instance,

ABCOE
CDE& (4)
ABDEF
ABCF

P P
S N
[N T I |

According to the definition of 4~JD, all
instances of R will obey JD 1f any set of 4
tuples, say tl’ tys t3 and t4, {8 in an
Iinstance such that

t, [CDE] = t,[CLE] (5)
t] [ABLE] = t,[ABDE] (6)
t) laBc] = t, [ABC] (7)
t, [DEF] = t,[DEF] (8)
t, [CF] = t;[cF] (9)
t, [ABF] = t,[ABF] (10)

there exists a tuple t in the instance such
that

t[DE] = t,[DE] (11)
t(F] = t,ylF] (12)
t[AB] = t3lAB] (13)
tlc] =t lc] (14)

When the first two constraint equalities are
satisfled, then it follows that t,[DE] =
t.[DE] and therefore testing equaiity (8).
Obviously, given four tuples and checking
whether they obey constraint equalities (5)
to (10) in the above example will lead to
some redundant checkings (i.e., equalities
(6) and (9)). However, testing the following
set of four equations:

tl[DE] = tZ[DE] = t3[DE] (15)
tle] = t3[F] = t;[F] (16)
t3[AB] = talAB] = tl[AB] (17)
talcl = t1[01 = t2[C] (18)

is sufff{cient to ensure that equalities (5)
to (10) are satisfied. Suppose we refer to
the comparison of an attribute value for two
tuples (e.g. t,{B] = t [B]) as an elementary
checking. Teséing thejfirst set of
equalities requires 18 elementary checkings
whereas only 12 elementary checkings are
needed for the second set. Although the
saving of 6 elementary checkings for a set
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of 4 tuples 1is not much, similar equality
checkings have to be done for every set of 4
tuples taken from the relation and the number
of tuples in a relation may be very large.
Therefore, the cost of checking whether a
relation obeying the JD can be diminished
significantly by using the second set of
equalities. In the followlng section, we will
introduced a new notation which is a
particular class of JD and will yleld directly
the reduced set of constraint equalities.

4, Notation of New n~JD

The new n~JD is defined below:

Let R(U) be a relation over subsets xl, X2,
coe Xn in the universe U,

n
where U =u X
lere 2 %

and it is possible to partition U into n
dis joint sets, Yl’ Y2 vee Yk

where U = § Y
k=1 k

such that

1) each X, 18 a union of (n-1) Yk's in
the cyZlic form,

2) each Y, i{s a union of some
attributes in the universe

The n~JD, *[X,, X2, eee X ] holds in R(U)
1ff whenever Ehere are n guples tl' Loy eee

t, €R

such that K @p

%=1, oo n %

(19)

where p=n~2, the number of Intersections
among Xi's.
3 a tuple t € KR

such that

¥1-1. s nt[xil = ti[xil (20)

Remarks: "
1) the notation <;;> , (plus modulo n), is
defined as follows:
given integers q and q° < n
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1f q+q’ < n

z'{@q' =

2) @P xi_=xkn )5‘@1 nxk®p

s , ) (21
q+tq '~n 1f q+q >n )

(22)
3) Yk's in the cylic form in X1 means that
(e
X = g
Y., veon X 3 e (@3)
k={

Besides the modification on the constraint
equations, the result (i{.e. the new

tuple generated) of the new n~JD is the
same as that of the old n~JD.

Consider the example in Section 3. The new
4~JD 1s satisfied whenever there are tuples
t ty, t. and t, in R

such thatJ
tll){l n X, 0 x3] = tzlxl n X, 0 x3]
= (X, 0 X, 0 X, (24)
ty[X, 0 Xy x"] = t3[X2 n Xy0 X,1
=t,[X, 8 X, nox,l (25)

t3[X3 n X4 n Xl
=cl[x3n X, N xll

1 =t,[x;0 X0 X]
(26)

= n ]
L4[X4 n X1 n XZ? tl[xb Xl XZ]
=t,(X,n X X,] (27)
there exlists a tuple t {n R
such that
tx,] = tllxl] (28)
eIX,] = t (X)) (29)
t[X3] = t3[X3] (30)
C[X4] = talxal (31)

As a result, equations (15) to (18) are
derived from the new constraint equations
from (24) to (27) and are equivalent to those
useful constraints, such as (5), (7), (8)

and (10) in the old JD. Also, equations (28)
to (31) lead to the results in equations (11)
to (14).

5. Comparison of 0ld JD with New JD

In order to cowpare the old JD with the new
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JU precisely, let u=4. The effect of the
cyclic characteristics of the dlsjolnt sets,

Y. ‘s, In the subsets ¥,’s, is shown in the
Appendix. The comparison of the constraint
equalities and elewentary checkings of the old
n~JD with the new n~JY is shown in Table 1.

Tn the case of old n—JD, there are a{n~1)/2
constralnt equations witih one constralnt
equality in each equation and one intersect!on
between 2 X, ‘s in each equality. Each

dis joint se% ocecurs (n~1)(n~2)/2 times in all
the equations. It leads to n(n~1)(n~2)/2
disjoint set checkings or (n~1(n~2)xk/2
elementary checkings. On the other hand, the
new n~JD has n(n~2) constraint equalities in
n constraint equations. There are (n—2)
intersections among (n—1) X,’s in each
equality. However, each disjoint set occurs
only (n~2) times. Consequently, there arve
n(n~2) disjoint set checkings or (n=2)xk
elementary checkings. Therefore, in terms of
elementary checkings,

old n~J0 : new n~Ju = (n~1)/2 : 1 (32)
That 1s, for any set of n tuples in a relation,
the constraint checking upon the new n~Jo is
(n~1)/2 times faster than that upon the old
n~JD, In other words, we need only 2/(n~1) of
the total time required originally. Therefore,
the new n~JD 1s less time consuming and 1is
more efficient.

6. Conclusion

In the new »~JD, the universe U is partitioned
{nto n disjoint sets, Y ‘s, Etach subset X
contains (n—~1) disjoint sets In the cyclic
combination and (n~2) intersectlions of X, 6 ’s
are Implied Iin ecach constraint equality. As

a result, the checking time 1is reduced by a
factor of (n~1)/2 f{n each run of n tuples in
the relation. For a large value of n and a
large number of tuples In a relation in the
database design, the checking using the new
notation of JD Is always less costly than the
checking using the old notatlion,
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Table 1. Comparison of Constraint Equalitles and Elementary Checkings of Old n~JD with New n~JD

Wnere n 1s the number of subsets and k, the total number of attributes in the universe
U, Xi and Yk denote a subset and a disjolnt set of attributes respectively.

0ld n~Jb New n—JD
No. of s b 4 5 n 3 4 S n
No. of X, ’s 3
No. of ¥, ’s in 2 3 4 n~1 2 3 4 n~1
each X, "
No. of constraint 3 6 10 n{n~1) 3 4 5 n
equations 2
wo. of equalities In 1 1 1 1 1 2 3 n~2
each equation
No. of intersections 1 1 1 1 1 2 3 n~2
In each equality
No. of resultant Y ‘s 1 2 3 n—2 1 1 1 1
in each equality
No. of occurrences 1 3 6 (n~1){(n—2) 1 2 3 n~2
of each Yk 2
No. of Yk checks 3xl 6x2 | 10x3 n(n~1)(n~2) 3x1 8x1 15x1 | n(n-2)
2 .
No. of elementary 1xk 3xk 6xk (n~1)(n~2)xk 1xk 2xk 3xk (n~2)xk
checks 2
MAXST = Maxi stock
Appendix: Comparision of the Constraints QSH - Qi:nﬁzgysoﬁchand

Between 0ld 4~JU and New 4~JD

Q00 = Quantity on order
D = ~t O~
In the new 4~JD, we have QsT = Quantity of total sale—~to~date
1) 4 subsets of attributes, X , X,, X., and CPR = = Cost price
» subsets of attributes, X;, X,, X;, an PKGU = Package unlit
h4 in the universe,
. Th
2) each subset contains 3 out of 4 disjoint us,
sets, Yl, YZ’ Y3 and Y4 In the cyclic union. Yl Yz
3) each Y, may contain any number of I “"‘ﬂ"““““j i A . 7
attributes, Ai’ say, j=1 to 10, A1 A2 A3 A4 A5
= = = A_A
eegey Yy = AR, Y, = Al Yy = AgAAg,and INO INAME ISP MINST MAXST
Y, = AjA
4 9”10
Thus, we have Y3 Y4
X =YY Y AN /A
1 1'23 | | | l
1, = Y¥s5Y, A Ay Ay A9 16
Xj = Y3Y4Y1 . QOH Q00 QSTD CPR(S) PKGU
X, =YY Y
4 4712 S0, each Y 1s a domaln, contalning some
attributes which are related to each other.
Take the supermarket inventory as an example, Based on these given X,’s and Y, ‘s the
we may have 10 attributes in the universe U, comparison of the constraints between the
such as old 4-JD and the new 4-~JD is as below:
INO = Iten number In view of each elementary attribute checking,
INAME = Item name the ratio of the checking time required between
Isp = Jtem specification thenew 4~JD and the old 4~JD for each run of 4
MINST = Minimum stock tuples in the relation is 2/3. That is, by
Proceedings ot the Tenth International Singapore, August, 1984
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01d 4-Jb New 4~JD
‘The constralnt equations are: The constraint equations are:
X X1 = , ) 0 X c 1 = C .
60X 0 X0 = 60X o Xl i §1{§1 g ;2 0 ;3} t,lX; 0 X, 1 X,]
3t 2 0 A3
tllx1 n x3] = r3[xl hl x3] tz[x2 n x3n X1 = t3[X, n Xy n xal
= t[‘[x2 n x3 1 xa]
. = wr N , . = n x n
Ll[X1 n xé] t[‘[xl n x4] t3[)\3 n )‘4 N xll ta[X3 \4 xl]
= t1[k3 0 X4 n )&l]
X. n X = n - = ,
tz[(z >\3] L3[X2 x3] ta[x/‘ n X n x2] tI[XA n X N A2]
= ) n ' it
tylX, Xy X,]
tz[xz n Xl.] = t4[X2 n X1
tylX, hhi X,1 = ¢, [, 1 x,]
That is, That is,
t [, = ¢, [¥,Y,] t,(¥g] = t,[¥5] = t40Y4]
Y,Y ] = t,lY,Y l] tylY, ] = tql¥,] = t,1Y,]
t [Y Yzl = t, (YY) t3[Yl] =t,lY,] = tllYll
t2”3 b = tal¥yY,] t, (Y] = 1Yyl = t,l¥,)
tal¥ Y, = g, (Y)Y,
REILAST IR ASY
1) 6 equalities in 6 equations 1) 8 equalities in 4 equations
2) 1 intersection in each equality 2) 2 intersectlons In each equality
3) 2 resulting disjoint sets in each 3) 1 resulting disjoint set In each
equality equality
4) each disjolnt set occurs 3 times in 4) each disjoint set occurs 2 times in the
the 6 equations 4 equations
5) need (3x4) or (6x2) disjoint set 5) need (2x4) or (1x8) disjoint set
checkings checkings
Suppose Y., Y., Yq and Yh contains nys Ny n3 and n, attributes respectively. There are k
attributes altogether,
i.e.. k = n, +n2+n3+n4 €. k = 10 in the above example
6) need 3xk elementary checkings 6) need 2xk elementary checkings

. 7 . 297-314.
adopting the new JD, we need only two~ 43, Sept. 1979, pp

thirds of the time required for the old [BV] Beerl, C. & Vardi, M., "On the

Jb.  Therefore, the checking using the Properties of Total Join Dependencles,”
nev JD 1s always less time consuming. H. Gallaire, J. Minker, & J.M. Nicolas
(Eds.), Advances in Database Theory, Vol.
1, Plenum Press, New York, 1981, pp. 25~
71.
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