ALk aR ( BRARER )
H29k EI3H ACTA SCIENTIARUM NATURALIUM Vol.29 Ne.3
19904F UNIVERSITATIS SUNYATSENI 1990

Deduction Graphs Based-on Functional Dependency
Structure

Ji Yue Yao Qingda Dong Zuming

Computer Software Institute Lingnan (University) College

Abstract

A deduction graph (DG) for representing the structural relationship between
functional dependencies(FD) or functional-free Horn formula (extended from Horn
classes) in a relational database or rule-based expert system is defined. In
addition to graphically solving the inference problem by DG’s, many logic ' queries
can be answered by DG’s with substitutions for unifying expressions. This graphic
approach provides an alternative method for conducting inferences and processing
logic queries, which is neither forward-chaining-oriented nor backward-chaining-
directed using the inference rule of resolution and has many advantages to execute
a logic program, These advantages are achieved because a DG is never infinite
and constructing a DG is independent from the computation and search rules and
also independent from the order of the given FD’ or HC's.
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relational database

1. Introduction

It is known that a relational databasec (RDB) [5] corresponds

Pl

to a
logic program consisting solely of ground unit clavses [117 as the indi-
vidual tuples in the RDB, Tt is also known that performing inferences or
logical deductions has been the fundamental wnit of computation, since
the only interest in theorem proving by the resolution-refutalion lech-
nique is to demonstrate a logical consequence of a logic program ond a
goal clause [11],

We alternatively solve the important inference problem by a new
graphic technique that does not rely on the resolution -refutation
principle as commonly used in a backward-chaining control system, In-
ferences accomplished by means of the proposed graphic method play
a central role in RDB’s, rule-based expert systems (RBES), logic prog-
ramming (LP), and artificial intelligence (Al), Although the inference
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problem {or producing a new functional dependency (FD) or {unction-
free Horn clause (HC) from existing ones can be also solved by other
methods, such as truth tables [4], [16], derivation sequences [16], log-
ical equivalence [14], [16], inference rules including resolution [11], [16].

The graphic representations of FD’s, which play an important role
in inferences, are of various types including trees, such as Bernstein’s
S-based derivation tree for a given S of FD’s [2], [3]; directed acyclic
graphs (DAG), such as Maier’s S-based DAG [12]; the FD-graph of
Ausicllo et al, [1); Date’s FD-diagram(6); Martin®s buble chart [13];
Smith’s dépendency diagram [15]; Yang’s deduction graph

Here we propose deduction graphs (DG) based-on Functional De-
pendency Structure (FDS)(18],

2, Preliminaries

We briefly review relevant terminology and notations conventionally
used in the areas of RDB’s and the HC logic,

Let U be a non-emptiy set of attributes, which is called a relation
scheme and conventionally represented by a string of its attributes, When
X and Y are subsets of U, the union of X and Y is conventionally re-
presented by short-hand string notation XY,

A functional dependency (FD) of the term X—A for X being a sub-
set of U and A being an attribute in U is a constraiat on (a subset of)
U such tha* a relation r{U) satisfies the FD X—A if an identical X-
value of every two tuples in r(U) implies the same A-value,k It is well
known that X—A is equivalent to the formula (-XV A) [14] where the
symbols “-” and *V?” stand for “aegation” and“®disjunction”, respectively,
In this formula, A is viewed as an atom or more specifically, the pre-
dicate A(s, t) is on atom whosz value is true if t,(A)=t,(A) and is
false otherwise during an interpretation of using iwo tuples t, and t,
in r{(U) to sabstitute the tuple variables s and t in A, Each attribute
in X is an atom, Formula X is the conjunction of the atoms in X, Let
“conjunction” be denoted by the symbol“A™, Thus, if X=B,--Bp, +where
B,--+Bg is the short hand string notation of the formula(B, A--- ABy), then
(-XV A) can be writlen as

(Vs VU(A(s, D)V =By (5,t )V - V/-Br(s,t)) (12)
where the arguments s and t have scheme U and are called tuples var-

iables s and t, (ia) can be understood as

AV -B, <-V-B, (1b)
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which is called a headed Horn clause [3] and is equivalent to the {fol-
lowing form as conventionally represented in LP

A:-B,,--- B, (Ic)
In (lc), the symbol “:-” stands for “if”, commas mean conjunciious, the
left side of :-is the head, and the right side is the body. If no body or
no head occurs in (lc), the clause is, respectively, called a unit clause
or a goal clause, If the arguments of a unit clause are all constants,
the clause is ground and called an assertion or a fact corresponding to
a tuple in a RDB,

For defining a sound and complete set of inference rules for the
Horn logic as similar to that for FD’s [16], we nzed to extend HC’s
to Horn formulas (HF), An HF is defined as follows:

1) Each HC is an HF,

2) If A:-X and B:-X with unifiable X’s [11] are HC’s, then A, B:-
X is an HF,

Let X, Y, Z be formulas that are conjuncticns ol atoms, With the
above extension, We have inference rules for HI "5,

1) (Reflexivity); If Y is a subformula of X, then Y:-X,

2) (Transitivity); If Y: -X and Z: -Y witk uniliable Y's, then
Z: -X,

3) (Conjunction); If Y: -X and Z: -X with uniliable X’s then Y,
Z:X,

These rules for function-free HF’s are sound snd complete, since

so are the counterparts for FD’s as proven by Armstrong [1], [16]. -

3. Functional Dependency Structure and Deduction Graph Based-cn FDS

In the following discussion, we make .use of the relational scheme
R(U, F) to show our ideas, where atiribuie universe U=ABCDLEFGH,
and functional dependency set F= { E-H, F—=BC, C—-D, BD-G,G—A,
A—-BC},

Definition 5, 1, Given FD set F, we define a set composed of all
the left hand set of dependencies in I, This is cailed Left-Hand-Side
of F, denoted by LHS(F)={X|{.X—=Y in '} Similarly, we define Right
-Hand-Side of F as RHS(F)={ Y|f.X>Y in F }

Definition 3, 2,Given FD set F, and {,X—Y, g,U->V are in F, then

(1) If F{=X->U and F |[=U—X, we say f Strongly-Connects g, denoted
by SCR ({,g),

(2) If F|=X-U but F|¥U—>X, we say { Weakly-Connects g, denoted
by WCR (f,g),
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(3) If F|2X—-U and F|xU—-X, we s;;,y f Not-Connects g, denoted
by NCR(f,g).

Proposition 3, 1, Given ¥ and {;X—Y, g.U—V are in F, thus

(1) SCR({,¢) holds, iff Xi=7Ys,

(2) WCR(f,g) holds, iff X;> Y5,
(3) NCR(f,g) holds, iff X3-Y } #¢ and Y;-X r#¢.

Examople 3,1, For the given F, we have the following,
(E) s =EH,

(F);=FBCDGA,
(C)r=CD,
(BD); = BDGAC,
(G)r=GABCD,

(A)z=ABCDG, So we have

SCR(BD—-G, G—A),

WCR(F-BC, G—-@G),

NCR{E—-H, C-D),

Theorem 3,1, Given FD set F, let {,X—Y, g, U=V, -h.5>T are in
I, then we have the {ollowing.

(1) For any f, SCR({, f) holds,

(2) If SCR({, g) holds, tlhien SCR(g, f) holds,

(3) If SCR({, g) and SCR(g, h) holds, then SCR(f, h) holds,

Definition 3, 3, Given FD set F, we say [ is u Strongly-Connncting -
Class (SCC) of F, if for any £:X—>Y and ¢,U—-V in I, also SCR({, ¢),
F|=X—U and F |=U—-X hold,

Froposition 3, 2, Given FD set I, then F=U., Ii, and for i#j li
Nlj=¢ where Ii is a SCC of ¥, we denote {1i} by F/SCR,

Examplc 8, 2, Ier (he given F, we have {our SCCs as iollows,

L={E—~H},
L= { F=BC},
I,={C=D},

J'j= {BD-G, G—=A, A—-BC},

Delinition 3, 4, Givea FD set TP, let I, J be in F/SCR, Suppose [ in
I and g in I, If WCR({S, ¢), then we say I Weakly-Connects J, denoted
by WC(I, 1),

Proposition 3, 3, Given FD set F, let I, ] in F/SCR, then WC(1, ])
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holds, iff there exist f in I and g in § such that WC({f, g) holds,

Theorem 3, 2, Given FD set ¥, let I, J, K all in F/S5CR, then we
have,

(1) For any I, WC(I, 1) holds,

(2) If WC(1,J) and WC(J, 1) hold, then I=1],

(3) If WC(I, 1) and WC(J, K) hold, then WC(I, K),

So far, we obtain a partially-ordered set (F/SCR, WC) for the given
FD set ¥, which is called the Functional Dependency Structure (FDS)

for F,
Example 3.3, For the given F, its FDS can be shown as follows;

1={E—H} .1 2:{?—’3@}
11l . «~T4=(BD—G, G—A, A—>EC}"
4+ T3z{C—D}

Figure 1, The FDS for the given I

Definition 3.5, For the given"FD set F, its deduction graph (N,
E> is defined as follows;

N=LHS(F)+RHS(F),

E is a set of NxN= {(n;, n,) }, which is constructed as follows;

(1) for each FD; X—Y, then (X,Y) is in E,

(2) for each SCCs I with LHS(I)= { X,, X,,..., Xy}, then (X, X,),
(XZs X3)5"'5(Xk5Xl)a

(3) for SCCs I and J satisfying WC(I, ]) and there exists no other
SCC K such that WC(I, K) and WC(K, 1), let X; be in LHS5(]) and X;
be in LHS(J), then (X;, Xj) is in E,

Example 3,4, For the given F, its deduction graph based-on FDS is

shown as follows:

“ -
Y\ A D "V/\.\Q;"BC
T o
Figure 2, The deduction graph based-on FDS for F

4_ Conclusions

FDS has been put into the design of database schemes, computation
of candidate keys, etc, The introduction of deduction graph bascd-on
FDS will contribute to the implementation of this ideas, DG proposed
Liere can also be applied to HF in Logic Programming and Expert Sys-
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tems, The properties about DG based-on FDS need to be investigated
further,
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