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Abstract -- The article proposed the concept of multivalue positive Boolean dependencies by groups in the database model of
block form, proved the equivalence of three types derived: m-deduction by logic, m-deduction in groups by block, m-
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representation by groups of a set of multivalue positive Boolean dependencies by groups on the block ... In addition, some
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I. INTRODUCTION

In recent years, research to expand the relational
data model has been interested by many scientists
around the world.. Following this research direction,
there are some proposed database models such as:
Multidimensional data model [1],[2],[3], data block
[4].[5], data warehouse [6],[7].... the database model
of block form [8].

In a database model of block form, the concepts:
blocks, block diagrams, slices, relational algebra over
blocks, functional dependencies, closures of index
attribute set ... have been studied [8]. However, the
study of extended logical dependencies in this data
model is limited, many types of dependencies have
not been studied. This article wants to propose and
study the properties of a new type of logical
dependency in a database model of block form: that
is multivalued positive Boolean dependency by
groups

Il. THE DATABASE MODEL OF BLOCK FORM

11.1 The block, slice of the block

Definition 11.1 [8]

Let R = (id; Ay, Ay,..., A, ) is a finite set of
elements, where id is non-empty finite index set, A
(i=1..n) are attributes. Each attribute A; (i=1..n)
there is a corresponding value domain dom(A;). A
block r on R, denoted r(R) consists of a finite number
of elements that each element is a family of mappings
from the index set id to the value domain of the
attributes A; (i=1..n). In other words:

ter(R) <t={t:id - dom(A)}i=1.n -

Then, block is denoted r(R) or r(id; Ay, Ay,...,
A,)), if without fear of confusion we simply denoted r.
Definition 11.2 [8]

Let R = (id; Ay, Ay,..., An), r(R) is a block over R.
For each xe id we denoted r(R,) is a block with R,
= ({x}; Ai, Ay,..., Ay ) such that:

ter(R) < t={t, =t }izrn , Where ter(R),

X

t={t"id - dom(A)}iz1.n-

Then r(R,) is called a slice of the block r(R) at
point x.
11.2 Functional dependencies

Here, for simplicity we use the notation:

xU=(x; A); id®={x" | x eid},
and x” (x eid, i = 1..n) is called an index attribute
of block scheme R = (id; Ag,A,,....An).
Definition 11.3 [8]

Let R = (id; Ay, A,,...,Ar), r(R) is a block over R

and X,Y cJid®, X— Y is a notation of functional

dependency.i:,lA block r satisfies X - Y if Vi, t, er
such that t;(X) = t,(X) then ti(Y) = to(Y).
Definition 11.4 [9]

Let block scheme a = (R,F), R = (id; Ay, A,,...,
A,), F is the set of functional dependencies over R.
Then, the closure of F denoted F* is defined as
follows:

FF={X>Y|F = X—>Y}
If X ={x™} <id™, Y= {y®} < id® then we denoted
functional dependency X — Y is simply x™ — y®.

The block r satisfies xX™— y® if v t, t, e r
such that t,(x(™) = t,(x™) then t,(y®) = t,(y") .

where: t;(x™) = t,(x; An), t(X™) = t(x; An),

(%) = tuy; A, YY) = tly; Ac).
Henceforth, for convenience, we used notation for
subsets of functional dependencies on R:
Fo={ XY [ X =Jx®,Y = Ux?, A, B<c{1.2,...n},
xeid}, A e )
th:Fh n _:{X—)Yth|X,Yg
UX(I) et
i=1
Definition 11.5 [9]

Let block scheme a=(R,Fy), R=(id; Ay, A, ..., Ay),
then Fy, is called the complete set of functional depen-
dencies if:

Frx = Fn ' n . is the same with every xe id.

x®
Y

x})
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A more specific way:

Fry is the same with every x < id mean:
Vxyeid:M— N e Fy & M’ —> N’e Fyy, with
M, N’ respectively, formed from M, N by replacing
X byy.

11.3 Closure of the index attributes sets

Definition 11.6 [10]

Let block scheme o=(R,F), R=(id; A, A,..., Ay),
F is the set of functional dependencies on R. With

each X c Uid“’, we define closure of X for F denoted

X* as follows:
X'={x" xeid, i=1.n| X >xVeF"}.

111. MULTIVALUED BOOLEAN FORMULARS
111.1 The operations and multivalued logical function

Definition 111.1 [11]

For the set of Boolean values 8 = {by,b,, ...,b¢}
including k values in [0;1], k>2 are in ascending
order and satisfy the following conditions:

0 es.

(i vben =1-b es.

We choose the operations and basic multivalued
logical function:

Vabes

e a A b =min(a, b),

e a vb =max(a, b),

e —a=1-a

e b e # we define the function Iy:

xed: Ih(x)=1if x=b and I,(x) =0 if x =b.

The functions I, b € B called generalized negative
functions.

Definition 111.2 [11]

Let P = {xq, X5, ..., X,} is & finite set of Boolean
variables, B isthe set of Boolean values. Then the
multivalued boolean formulas (CTBDT) also known
as multivalued logic formulas are constructed as
follows:

(i) Each value in B isa CTBDT.

(ii) Each variable in P isa CTBBAT.

(iii) Each function l,, be B isa CTBDT.

(iv) If a is a multivalued Boolean formula then (a)
isa CTBDT.

(v) Ifaand b are CTBDT then anb,avband —a
are CTBAHT.

(vi) Only formulas created by rules from (i) — (v)
are CTBDT.

We denoted MVL(P) as a set of CTBDT building
on the set of variables P = {xy, Xy, ..., X5} and set of
values 3 = {by, by,..., b} including k values in [0;1],
k> 2.

Definition 111.3 [11]

We define a— b equivalent to CTBDT (—a)vhb
and then: a— b = max (1- a, b).

Definition 111.4 [11]

Each vector of elements v = {vi, v,, ..., v} in
space B" = BxBx..x B is called a value

assignment. Thus, with each CTBDT f € MVL(P) we
have f(v) = f(vy, Vo, ..., vy) is the value of formula f
for v value assignments.

We understand the symbol X < P at the same
time performing for the following subjects:
- An attribute set in P.
- A set of logical variables in P.
- A multivalued Boolean formula is the logical
union of variables in X.
On the other hand, if X = {By, By, ..., B,} < P, we
denoted:
AX =B1A Bya ... A B, called the associational form.
vwX =B;vB,v... vB, called the recruitmental form.

For each finite set CTBDT F = {fy, f,, ..., fo} in
MVL(P), we consider F as a formatted formula F =
fi A fy AL AT, Then we have:

F(v) = fi(v) Afo(V)A .o A Ty(V).
111.2 Table of values and truth tables

With each formula f on P, table of values for f,
denote that V; contains n+1 columns, with the first n
columns containing the values of the variables in U,
and the last column contains the value of f for each
values signment of the corresponding row. Thus, the
value table contains k" row, n is the element number
of P, k is the element number of 3.

Definition 111.5 [11]

Let m e [0;1], truth table with m threshold of f or
the m-truth table of f, denoted T, is the set of
assignments v such that f(v) receive value not less
thanm: T;, ={v e 8" | f(v) >m}

Then, the m-truth table Tg, of finite sets of
formulas F on P, is the intersection of the m-truth
tables of each member formula in F.

Tem= ﬂTf,m-

feF

We have: ve Tg, necessary and sufficient are
e F: f(v) >m.

111.3 Logical deduction

Definition 111.6 [11]

Let f, g are two CTBDT and value me 8. We say
formula f derives formula g from threshold m and
denoted f |=m gifTim < Tgm . We say fand g are two
m-equivalent formulas, denoted f =, g if Tim = Tym.

With F, G in MVL(P) and value m[0;1], we say F
derives G from threshold m, denoted F |=m G, if Ten
_CTG,m .

Moreover, we say F and G are m-equivalents,
denoted F=, G if Tem=Tom .

111.4 Multivalued positive Boolean formula

Definition 111.7 [11]

Formula fe MVL(P) is called a multivalued
positive Boolean formula (CTBDAT) if f(e) = 1 with
e is the unit value assignment: e = (1, 1, ..., 1), we
denoted MVP(P) is the set of all multivalued positive
Boolean formulas on P.

IV. RESEARCH RESULTS

IVV. The multivalued truth block by groups of the
data block



Definition 1V.1
Let R = (id; Ay, Ay,..., Ap), r(R) is a block over R,
we convention that each value domain d; of attribute
A; (is also of index attribute x©, xeid), 1<i < n,
contains at least p (p>2) elements. Then, with each
value domain d;, we consider the mapping S:(d;)’—
#, satisfies the following properties:
(i) Reflectivity: ¥a e (dy)°: f(a)= 1, if in a contains
at least two identical components.
(ii) Commutation: vae(d) P: Bi(a) = Bi(a’), where a’
is permutation of a.
(iii) Sufficiency: vime ®, Fae (di)": (@) = m.

Thus, we see the mapping B; is an evaluation on a
group containing p (p>2) values of d; satisfying
reflection and commutative properties. Equality
relation is a separate case of this relation.

Example 1V.1

Let R = ({1, 2}, A4, Ay); then the index attribute of
Rare U={1®, 1@ 20 231 with:

A Weight of the ball (C: high, K: quite high, M:
average, S: low),

A,: Color of the ball (b: red, V: yellow, X: blue, N:
brown).

r is a block over R, includes 4 elements: ty, t,, t3, t; as
follows:

1Y =C, t.19=p, ;.20 =C, ;.29 =p.

.10 =M, 1,19 =V, .20 =M, 1,29 = V.

tg.l(l) = S, t31(2) = X, t32(l) = S, t32(2) =X.

.10 =K, .19 =N, .20 =K, 4,29 =N.

With p = 3, corresponding to each group has 3
balls, then:

We consider the mapping Bi: (di) ® — {0, 0.5, 1},
d;: is the value domain of the attribute A;, i=1..2;

va e (d;) ®, we assign Bi(a)=1 if in a we have at
least 2 balls of the same weight, B,(a) = 0.5 if in a we
have 3 balls with different weights for each pair and
1 ball with high weight, the remaining cases we have
Bi(a)=0.

va e (dy) ®, we assign B,(a)=1 if in a we have at
least 2 balls of the same color, By(a) = 0.5 if in a we
have 3 balls with different colors for each pair and 1
ball with red color, the remaining cases we have ,(2)
=0.

Then we have:
-With a = (.19, £,.1Y, t5.1®), then Bi(a)= A(C, M,
S) =0.5;
- With a = (.19, t5.1?, ,.1?), then Sy(a)= Su(V, X,
N) = 0;
- With a = (.29, 1.2, 1,.29), then B,(a)= S:(P, P,
D)= 1,
- With a = (.29, .27, t,.23), then Bi(a)= A(C, M,
K)=0.5; .o

Definition 1V.2

Let R = (id; Ag,A,...,A ), r(R) is a block over R,
each value domain d; of attribute A; (is also of index
attribute x¥, xeid,1< i < n), contains at least p
elements, g is an evaluation on groups containing p
(p>2) values of x, xeid, 1<'i <n. For each group of

p elements: uy, Uy, ..., U, arbitrary (not necessarily
distinguish) on the block, we call S(us, uy, ..., Up) is
the value assignment:

PlUs, Up, ..y Up) = (tas by ooy b)) With t =
Biurx®, ux®, L upx®), xeid, 1<i <n. Then, for
each block r we denote the multivalued truth block by
groups of block r as T",:

T = { By, Uz, ..., up) [ uj e 1, 1<j<p }.
Example 1V.2:

With the given block in the example IV.1, r is a
block of 4 elements: ty, t,, t3, t,, as follows:
.10 =C, t.12=p, .20 =C, 1,.2@ =p.
.19 =M, ,,19 =V, ,.20 =M, t,.2@ = V.
10 =8, 1@ =X, 520 =S, ;.29 =X,
.10 =K, 1,19 =N, .20 =K, ,2¢ =N.
with defined functions B;: (di) * — {0, 0.5, 1},
i=1..2. Then we have the elements aj, a,, as, as, as,...
of the truth block T®, as follows:
- With a; = (ty, t,, t3), then: a;.1® = By(t;.1Y, 1,1,
t.1®) = B4(C, M, S) =0.5;
1.1 = By(1,.1?, 1,1, 1;.19) = B(P, V, X) =0.5;
a,.2% = By (.29, 1,.2, 15.2®) = B,(C, M, S) =0.5;
21.2@ = By(t,.2?, 1,29, 1;.2%) = B(P, ¥, X) =0.5;
_ [0.5 0.5)
a; = .

05 05
- With dy = (tl, t2, t4), then: az.l(l) = Bl(tl.l(l), tz.l(l),
t,.1%) = B4(C, M, K) =0,5;

.19 = By(1,.19, 1,19, 1,,19) = By, ¥, N) =0,5;
2,.2% = By(t.2Y, 1,20, ,.2) = B,(C, M, K) =0,5;
2.2 = By(1.29, 1,.2?, 1,29 = By(D, ¥, N) =0,5;
_ (05 05
2= los 05)
- With a3 = (t,, ts, ta), then: a5.1® = By(t;.1V, ;.1
t.1%) = B4(C, S, K) =0,5;
a3.1? = B,(1,.1?, £5.1@, 1,,1@) = BB, X, N) =0.5;
23.2® = By (.29, 1.2, 1,.2%) = B4(C, S, C) =0,5;
23.2? = B,(11.2?, 15.2, 1,.2%) = BB, X, N) =0.5;
_ (05 05
8= [0.5 o.sj '
- With ag = (tz, t3, t4), then: a4.1(l) = Bl(tz.l(l), tg.l(l),
t,.1%) = B,(M, S, K) =0;
1@ = By(.19, 1512, £,.19) = By(V, X, N) =0;
a,.2® = By (629, 1.2, 1,.2%) = B, (M, S, K) =0;
a1.2? = By(1,.2?, 15.29, 1,.2?) = B(V, X, N) =0;
ag = [0 Oj.
00
- With as = (tl, 1y, tl), then: 3.5.1(1) = B]_(tl.l(l), tl.l(l),
t,.1®) = B4(C, C, C) =1;
a5.1? = B,(1,.1?, 1,.1@, ,.1®) = By, B, D) =1,
as.2® = By (.29, t,.2%, 1,.2%) = B4(C, C, C) =1;
a5.2? = B,(1.2?, 1,.2@, 1,.2@) = By, B, P) =1,
11
1 1)
In the case id ={x}, then the block degenerates into
a relation and the concept of the multivalued truth
block by groups of the block becomes the concept of
multivalued truth table by groups of relation in the
relational data model. In other words, the multivalued

ds =



truth block by groups of a block is to expand the
concept of the multivalued truth table by groups of
relation in the relational data model.
1V.2 The multivalued positive Boolean dependencies by
groups of a data block

Definition IV.3

Let R = (id; Ap,Az,...,Ay), r(R) is a block over R,
each value domain d; of attribute A; (is also of index
attribute X, x eid,1<i <n), contains at least p (p=2)
elements, g is an evaluation on groups containing p
(p=2) values of d;. With evaluations 5 on the value
domain of the index attribute x¥, x eid, 1<i <n, then
a multivalued positive Boolean dependency by
groups is a multivalued positive Boolean formula in

MVP(U) with U = | Jid®

Let value m e 3, we say block r is m-satisfying
by groups the multivalued positive Boolean
dependency by groups (FTBDDTTNB) f and denoted
rP(f,m) if TP, = T; .

The block r is m-satisfying by groups set
PTBDDTTNB F and denoted r°(F,m) if r is m-
satisfying by groups all f in F:

rP(F,m) < vieF: rP(fm) < T cTen.

If r’(F,m) then we say set PTBDDTTNB F is m-

right by groups in the block r.

Proposition 1V.1

Let R =(id; Ay,A,...,Ay), r(R) is ablock onR,
U= [Jid® Then:

i=1

i) If r is m-satisfying by groups the multivalued
positive Boolean dependency by groups f: r°(f,m)
then rP(f,m), vxeid.

i) If r is m-satisfying by groups set of multivalued
positive Boolean dependency by groups F: r’(F,m)
then rP(F,,m), vk eid.

Proof

i) Under the assumption we have r°(fm) = TP, c
Tf,m = Tprx: (Tpr)x c (Tf,m)x:fo,m , VXxeid
So we have TP € Tem, VXeid = rP(f,m), Vxeid.

if) Under the assumption r’(F,m) = T°, < T =
Tprx: (Tpr)x - (TF,m)x:TFx,m , Vxeid
Therefore: TP < Trxm VXeid = 1P,(F,,m), Vxeid.
Proposition 1V.2

Let R = (id; Ag,As,...,An), F(R) isa block on R,
U=Jid® f=Jf,. Then:

i=1 xeid

i) If r(f,m),vkeid then r is m-satisfying by
groups the multivalued positive Boolean dependency
by groups f: r’(f,m).

i) If r’(F,m), ¥xeid then r m-satisfying by
groups set of multivalued positive Boolean
dependency by groups F: r’(F,m).

Proof

i) Under the assumption we have: r°,(f,,m), Vxeid
= TP < Trem VXeid = (TP)x < (Trm)x » VXeid.
So we have: TP < Tim = r°(f,m).
= r is m-satisfying by groups the multivalued

positive Boolean dependency by groups f.

ii) Under the assumption 1P (F,,m), Vxeid = T
< Texm vxeid = (Tpr)x < (TF,m)x , Vxeid
So we have: TP < Tem = P(F,m).

= r m-satisfying by groups set of multivalued
positive Boolean dependency by groups F.

From the proposition 1V.1 and V.2 we have the
following necessary and sufficient theorem:

Theorem IV.1

Let R= (id; Ay, Ay, Ay), T(R)is a block on R,
U= id% f=Jf, . Khido:

i=1 xeid

i) r’(f,m), ¥keid < r is m-satisfying by groups
the multivalued positive Boolean dependency by
groups f: r°(f,m).

i) r’,(F,m), ¥xeid < r m-satisfying by groups
set of multivalued positive Boolean dependency by
groups F: r°(F,m).

Let set PTBDDOTTNB F and PTBDDTTNB f:

- We have F is m-deduced f by block with groups
and denoted F|-Pry f if: vr: rP(F,m) = r°(f,m).

- We have F is m-deduced f by block with groups,
block contains no more than p elements and denoted
Fl-Pom f if V 1y Pp(F,m) = r’y(f,m).

We have the following equivalent theorem:
Theorem V.2

Let R = (id; ApA,,...,Ay), r(R) is a block over R,
each value domain d; of attribute A; (is also of index
attribute x®, xeid,1<i <n), contains at least p (p>2)
elements, g are evaluations on groups containing p
value of the index attribute x”, xeid, 1<i <n, set
PTBDDTTNB F and PTBDATTNB f. Then the
following three propositions are equivalent:

(i). FEw f (m-deduction by logic),

(ii). FPPn f (m-deduction in groups by block),

(iii). F P T (m-deduction in groups by block
has no more than p elements).

Proof
(i) = (ii): We need proof: FE, f = F P, f.
Indeed, under the assumption we have F |= nf =

TF,m _CTf,m . (l)
Let r be an arbitrary block m-satisfying by groups
F: r’(F,m), then by definition: T°, < T,. 2

From (1) and (2) we infer: T°, < Ty, = rP(f,m).
So that: r’(F,m) = r"(f,m) mean: F }°, f.
Since then we have: FE,, f = F}°, f.
(ii) = (iii): We need proof: F P, f = FPpnf.
Obviously, because inference by the block has no
more than p elements is the special case of inference
by block.
(iii) = (i): We need proof: F P, f = FE, f.
Indeed, under the assumption F |—pp,m f, then every
block there is no more than p elements we have:
r’o(F.m) = r°,(f,m), We need proof F| ,, f mean
Tem S Teme
Suppose t = (t, teo, - tan)xeid» t€ TEm, We proof
te Tf'm.
If t = e then we have teT;,, because as we know f



is a multivalued positive Boolean formula.
If t =e, we build the block r including p elements
as follows:
From the properties of the mapping £: (d;)® — ®
with each index attribute x¥, x eid, 1<i <n we have:
Faye(d): axi = (axit, a2, - axip) Such that the
;Bi(axi) = L "
Then, with each index attribute X in U = | Jid®,

i=1
We fill in the column of this index attribute of block r
values &y, iz, -+, xip.

According to the way of building block r, we
have: T°, = {e, t} < T, with e is the unit value
assignment. Thus r is a block with p elements and m-
satisfying by groups set PTBDDTTNB F.

Under the assumption if r is m-satisfying by
groups F then r will m-satisfy by groups f, this
means: T, = {e, t} < Tt infer: t € Ty,
Consequence 1V.1

Let R = (id; Ay Ay, Ay), I(R) is a block over R,
each value domain d; of attribute A; (is also of index
attribute x?, xeid,1<i <n), contains at least p (p=2)
elements, S are evaluations on groups containing p
value of the index attribute x©, xeid, 1<i <n, set
PTBDHOITNB F and PTBDDTTNB f. Then on r, the
following three propositions are equivalent:

(i) Fx |=m fx (m-deduction by logic),

(i) Fy |-pm f, (m-deduction in groups by slice r,),

(iii) Fy |-pp,m f, (m-deduction in groups by slice
Iox have no more than p elements).

In the case of index set id = {x}, then the block r
degenerates into a relation and the above
equivalence theorem becomes the equivalent theorem
in the relational data model. Specifically, we have the
following consequences:

Consequence 1V.2

Let R = (id; A, A,,...,Ay), r(R) is a block over R,
each value domain d; of attribute A; (is also of index
attribute x”, xeid,1<i <n), contains at least p (p>2)
elements, S are evaluations on groups containing p
value of the index attribute x¥, xeid, 1<i <n, set
PTBDDOTTNB F and PTBDATTNB f. Then, if id =
{x} then the block r degenerates into a relation and in
the relational data model the following three
propositions are equivalent:

(i) FEn f (m-deduction by logic),

(i) F |-"m f (m-deduction in groups by relation),

(iii) F|—pp,m f (m-deduction in groups by relation
has no more than p elements).

Definition 1V .4

Cho R = (id; Ap,Az,...,An), I(R) is a block over R,
U=Jid”, m € 8, , each value domain d; of attribute
A; (i*also of index attribute x, xeid,1<i < n),
contains at least p (p=2) elements, 5 are evaluations
on groups containing p value of the index attribute
x®, xeid, 1<i <n. With Z'is the subset PTBDDTTNB
on U, we denote (X,m)" is the set of all PTBDPTTNB

m-deduced from 2, in other words:
(Em)* ={f|feMVPU), Z F.f}= {f]| fe

MVP(U), TZ,m QTf,m }
Definition IV.5

LetR = (id; Ap,A,...,Ay), I(R) is a block over R,
U= Uid” m e 8, each value domain d; of attribute
A; (is also of index attribute x©, xeid,1< i < n),
contains at least p (p=>2) elements, S, are evaluations
on groups containing p value of the index attribute
X" xeid, 1<i <n. Then, we denoted NMBD(r,m) is
the set of all PTBDATTNB m-right by groups in
block r, means:

NMBD(r,m) = {f | feMVP(U), r’(fm)}.

Theorem V.3

Let R = (id; Ay, A,,...,Ay), r(R) is a block over R,
U= Uid O m e 1, each value domain d; of attribute A;

(is also of index attribute x®, x id,1<i <n), contains
at least p (p=>2) elements, f are evaluations on
groups containing p value of the index attribute x®,
X eid, 1<i <h. Then we have:

(NMBD(r,m),m)* = NMBD(r,m).

Proof
By definition, we have:

(NMBD(r,m),m)" = { f| fe MVP(P),
NMBD(r,m,) Fn f}= {f| f& MVP(U), Tamenemm
_CTf,m 3
We infer: (NMBD(r,m),m)" > NMBD(r,m) 3)
On the other hand, suppose we have: g e
(NMBD(r,m),m)" , We need proof g € NMBD(r,m).
Indeed, the hypothesis:

g € (NMBD(r,m),m)* = { | f& MVP(U), Toumeo(mm)
cTim } =9 MVP(U), Tinmepe.m,m) S Tgm:
Which by definition of NMBD, ) we have:
T < Towmeoemm = T < Tgm = block r is m-
satisfying by groups PTBDDTTNB g.
From there we have: g e NMBD(r,m).
= (NMBD(r,m),m)* = NMBD(r,m) 4
From (3) and (4) we have:
(NMBD(r,m),m)* = NMBD(r,m).

Consequence 1V.3

L(nat R = (id; Ap,A,,...,Ay), r(R) is a block over R,
U =Jid®, me 8, each value domain d; of attribute A;

(is also of index attribute X, x eid,1<i <n), contains
at least p (p=>2) elements, 4 are evaluations on
groups containing p value of the index attribute x,
X eid,1<i<n. Then on r, we have:
(NMBD(r,,m),m)" = NMBD(r,,m).

Consequence 1V.4

Let R = (id; Ap,A,,...,Ay), r(R) is a block over R,
U =Jid®, me 8, each value domain d; of attribute A;

i=1 .
(is also of index attribute x| x eid,1<i <n), contains
at least p (p=>2) elements, 5 are evaluations on
groups containing p value of the index attribute x,

xeid,1<i<n. Then we have: if id = {x} then block r



degenerates into relation and in the relational data
model: (NMBD(r,m),m)" = NMBD(r,m).
Theorem V.4

Let R = (id; Ay,Az,...,An), I(R) is a block over R,
U =Jid®, me 8, each value domain d; of attribute A;

(is also of index attribute x?, x eid,1<i<n), contains
at least p(p=>2) elements, f; are evaluations on groups
containing p value of the index attribute X, x id, 1<
i <n. Then we have:

T = T(NMBD(r,m),m)-
Proof

According to the definition of the set
PTBDDTTNB NMBD(r,m) we have: if f e
NMBD(r,m) = block r is m-satisfying by groups
PTBDDTTNBf = T°r c Tip.

From the properties of the relationship between
Boolean formulas and truth blocks, with truth block
TP, we have found a multivalued Boolean formula h
so that: Ty = TP,

On the other hand, because e € T’, = Ty, so his
a multivalued positive Boolean formula.

From the equality: T°, = T,, We deduce that
block r is m-satisfying by groups PTBDATTNB h,
means:

h e NMBD(r,m).

So infer: NMBD(r,m) |=m h . Hence we have:
Toweoemm S Tom = T'r = Towsoemm < T (5)

From the definition of NMBD(r,m) we have:

Tpr _CT(NMBD(r,m),m) (6)

From (5) and (6) we infer: T, = Tnmeo(rm)m)-
Consequence IV.5

LetR = (id; Ap,A,..,AL), r(R) is a block over R,
U=Jid", me 3, each value domain d; of attribute A;

(is also of index attribute x®, xe id,1< i < n),
contains at least p (p=>2) elements, 5 f are
evaluations on groups containing p value of the index
attribute x, xid, 1<i <n. Then we have: if id = {x}
then block r degenerates into relation and in the
relational data model:
T = TnmBD(rm)m)-

Definition 1V.6

Let R = (id; A, A,,...,Ay), r(R) is a block over R,
U= Uid“’, m e®, each value domain d; of attribute A;

i=1

(is also of index attribute x| x eid,1<i <n), contains
at least p (p>2) elements, S are evaluations on
groups containing p value of the index attribute x,
xeid, 1<i<n. We say block r is m-representation by
groups set PTBDATTNB X néu NMBD(r,m) o (Zm)*
and block r is m-tight representation by groups set
PTBDAITNB X if NMBD(r,m) = (Zm) *.

If r is m-tight representation by groups set
PTBDDPTTNB X then we say r is the block m-
Armstrong by groups of set PTBDATTNB 2.

Theorem IV.5
Let R = (id; Ai,Az,...Aq ), T(R) is a block over R,
U= Jid®, me 8, each value domain d; of attribute A;

i=1

(is also of index attribute X, x eid,1<i <'n), contains
at least p (p=2) elements, S are evaluations on
groups containing p value of the index attribute xO,
xeid, 1<i<n. Then r is m-tight representation by
groups set PTBDATTNB Xif and only if TP, =Ty

Proof

Use the results of the theorem 1V.3 and V.4 for

PTBDDTTNB we have:
(NMBD(r,m),m)* = NMBD(r,m)
and Tpr = T(NMBD(r,m),m)- Then:

Block r is m-tight representation by groups set
PTBDDTTNB X if and only if: NMBD(r,m) = (Zm)"
<= NMBD(r,m) = 2 & T(NMBD(r,m),m) = TZ,m < Tpr
=Tsm.

So that, block r is m-tight representation by groups
set PTBDDTTNB X < T, = Txpn

Consequence 1V.6
Lnet R = (id; A,A,..., Ay ), r(R) is a block over R,
U=Jid") me 8, each value domain d; of attribute A;

i=1
(is also of index attribute x”, x eid,1<i <'n), contains
at least p (p=2) elements, S are evaluations on
groups containing p value of the index attribute x?,
Xeid, 1<i<n. Then we have, if id = {x} then block r
degenerates into relation and in the relational data
model: r is m-tight representation by groups set

PTBDATTNB X if and only if T°, = Ty,.

Here we denoted: Xy =X
¥

Consequence V.7 i-L

Let R = (id; ApAz..,An), r(R) is a block over R,
U= U'd(' me 8,is set PTBDPTTNBon U, = = X,

xeid

Sy ;t@ Each value domain d; of attribute A, (is also
of index attribute X, x €id,1<i <'n), contains at least
p (p=2) elements, S5 are evaluations on groups
containing p value of the index attribute x®, x eid,
1<i<n. Then r, is m-tight representation by groups
set PTBDDTTNB 2 if and only if TPy = Txm, VX eid

Theorem IV.6

LetR = (id; Ay, Az, Ar), r(R) is a block over R,
U= Jid®, me ®,2is set PTBDDTTNB on U, == J =,

Xy ;tl@ Each value domain d; of attribute A; (is §|dso
of index attribute X, x €id,1<i <'n), contains at least
p (p=2) elements, S5 are evaluations on groups
containing p value of the index attribute x®, x id,
1<i<n. Then, with every block r(R) is otherwise empty
on R we have: r is m-tight representation by groups
set PTBDOTTNB X if and only if r, is m-tight
representation by groups set 2, , V'xeid.

Proof

=) Suppose r is m-tight representation by groups set
PTBDDTTNB X we need proof r, is m-tight
representation by groups set X, , Vxeid.

Indeed, under the assumption we have: ris m-

tight representation by groups set PTBDDTTNB X,
using the results of theorem 1V.5 we have: TP =Ty .



Thence inferred: (T*)x = (Tym)x, VXeid.

Which we have: TP, = (T?)x = (Tem)x = Texm »
vxeid = TPy =Texm = Px(ZwM), VXeid.

So r, is m-tight representation by groups set
¥, Vxeid.
<) Suppose ry is m-tight representation by groups set
%, VX € id we need proof r is m-tight representation
by groups set PTBDDTTNB X.

Indeed, under the assumption r, is m-tight
representation by groups set T, ,vxeid =P = Texm,
Vxeid.

Inferred: (T%)x = TP = Txm = (Tem)x » VXeid.
Which we have: T% = | JT°, Tem= T,
= Tpr: TZ,m- xeid xeid

So r is m-tight representation by groups set
PTBDDTTNB X.

V. CONCLUSIONS

From a proposed concept are functions that
evaluate values on a group with p elements, The
article gave the definition of the multivalued truth
block by groups of data blocks. From there build a
new type of dependency: it is a multivalued positive
Boolean dependency by groups in the database model
of block form. From the new concept of dependency
is proposed, the authors have stated and proved the
equivalent theorem for multivalued positive Boolean
dependencies by groups on the block, the necessary
and sufficient condition for a block r is m-tight
representation set PTBDDTTNB X... From these
results we can further study the relationship between
other types of extended logical dependencies on the
data block.

VI. ACKNOWLEDGEMENTS
The authors thank the teachers, leaders of the
Institute of Information Technology and the
Management Board of the Hanoi Pedagogical
University 2 for creating favorable conditions for us
to work and study. This research is funded by Hanoi
Pedagogical University 2 (HPU2).

X;m

VII. REFERENCES

[1] Maurizio Rafanelli, M.Rafanelli (2003),
Multidimensional Databases: Problems and
Solutions Hardcover, Idea Group Publishing.

[2] M.Rafanelli(Ed.) (2003), Multidimensional
Databases: Problems and Solutions, Idea
Group.

[3] R. Agrawal, A. Gupta, and S. Sarawagi (1997),
Modeling Multidimensional Databases, In Proc.
of 13 th, Int. Conf. on Data Engineering (ICDE)
pages 232-243. |EEE press.

[4] Apostolos Benisis (2010), Business Process
Management:: A Data Cube To Analyze
Business Process Simulation Data For Decision
Making Paperback, VDM Verlag Dr. Miiller.

[5] Qiang Yang, Joshua Zhexue Huang, Michaeng
Ng (2003), A data Cube Model for Prediction-

Based Web Prefetching, Journal of Intelligent
Information Systems, Vol. 20, Issue 1, pp. 11-
30.

[6] Brian Ciampa (2014), The Data Warehouse
Workshop: Providing Practical Experience to
the Aspiring ETL Developer Paperback,
CreateSpace Independent Publishing Platform.

[7] Ladjel Bellatreche, Mukesh K. Mohania (2014),
Data Warehousing and Knowledge Discovery:
16th International Conference, DaWaK 2014,
Munich, Germany, September 2-4, 2014.
Proceedings (Lecture Notes ... Applications,
incl. Internet/Web, and HCI) Paperback,
Springer; 2014 edition.

[8] Nguyen Xuan Huy, Trinh Dinh Thang, The
database model of blocks form, Journal of
Informatics and Cybernetics, 1998, T.14, S.3, 52-

60.

[9] Trinh Dinh Thang, Tran Minh Tuyen, The
translation of block scheme and the present
problem of the closure, key in the database model
of block forms, Proceedings of the National
Conference XIII “Some the selected issues of
Information Technology and Communication”,
2010, 276-286.

[10] Trinh Dinh Thang, Tran Minh Tuyen, Closed
mapping and translation of block schemes,.
Proceedings of the National Conference on the VI
for Fundamental and Applied Information
Technology Research (FAIR), 2013, 677-683.

[11] Nguyen Xuan Huy, Logical dependencies in the

database, Statistical Publisher, HaNoi, 2006.



http://www.amazon.com/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=Maurizio%2BRafanelli&search-alias=books&text=Maurizio%2BRafanelli&sort=relevancerank
http://www.amazon.com/M.-Rafanelli/e/B001K8AZY2/ref%3Ddp_byline_cont_book_2
http://www.amazon.com/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=Apostolos%2BBenisis&search-alias=books&text=Apostolos%2BBenisis&sort=relevancerank
http://www.amazon.com/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=Brian%2BCiampa&search-alias=books&text=Brian%2BCiampa&sort=relevancerank
http://www.amazon.com/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=Ladjel%2BBellatreche&search-alias=books&text=Ladjel%2BBellatreche&sort=relevancerank
http://www.amazon.com/s/ref%3Ddp_byline_sr_book_2?ie=UTF8&field-author=Mukesh%2BK.%2BMohania&search-alias=books&text=Mukesh%2BK.%2BMohania&sort=relevancerank

