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Abstract

This paper prescats a partial evaluation method as a specification technique for a knowledge
base for given queries. It is a transformation of a lcimwledge base into a virtual relation which
preserves the equivalence of the queries. It is effective when some iterative query processing

occurs on a large scale of kmowledge base,

keywords : Partial evaluation, Knowledge base, Least generalized query, Virtual knowl-
edge base.

1 Imtroduction

We are now developing some knowledge base systems which can deal with a large amount
of knowledge effectively. And in a large seale of knowledge base, it is important how to process
some queries on it effectively. Searching strategies and kmowledge structuring methods have
been discussed for this purpose.

Certainly, considering a database as a virtual relation enables us to utilize the data ef-
fectively. lu the case of a kmowledge base, it is considered as a virtual relation derived from
queries through deduction. But when there are a lot of queries to process, it is neffective
to derive answers for every query iteratively because there may be similar deduction steps in
their retrieval. So we consider specifying a knowledge base for the given queries in advance by
partially evaluating the knowledge base under the environment of the queries and optimizing

their retrieval,



Partial evaluation of programs is effective in iterative computation [Futamura 83, and its
applications in logic programming [Takeuchi 85] and deductive databases [Miyazaki 86] have
been discussed. In this paper we assume a knowledge base represented by a logic programming
languare such as Prolog and describe its partial evaluation as transformation of a knowledge

base into a wirtual relation for given queries which preserves their equivalence.

2 Partial evaluation of knowledge base

Suppose there is a knowledge base composed of Horn clauses and a set of queries. In
this section we discuss the partial evaluation method of a knowledge base for effective guery

processing.

2.1 Least generalized query

First we note the concept of least (common) generalization of terms which is the dual

notation of the greatest {common} instadce|[Reyuolds 70].

" Definition (Least genefn]izatinn}l
1. Given terms P and @, @ 15 more general than P iff there exists a substitution # such
that P = Qf, written PC Q.
2. Let § be a set of terms, then L iz a least generalization of 5§ iff
i) ¥YTeSTCL
i) VI'e §,VL; +t. TC L; LC L; o

That iz, L iz the least upper bound of the lattice of 5.

Example The least generalizations of

{f(s,a)), f(s,g(b))} and {f(a.g(X)), f(A(X), g(A(X})), fl9(X), a(¥Y))}
are fla,X) and f{X g(Y)), respectively. 0

Using this notation, we define the least generalized query (LG Q for short) as a least geperal-

ization of the given set of queries. !

!We assume a query composed of a single literal becase a query composed of several literals can be transformed
iote a single one by asserting a trapsformation rule. For example, a query 7= £{X,Y },g(Y.Z) h(Z}). i3 transformed

inte a query 7- p(X.Y.Z). and a rule p(X. Y. Z):- #{X.Y ).g[Y.Z), B{Z). etc.



The algorithm for getting the LGQ from the given query set is as follows.
i} Classify the queries into zets of queries which have the same predicate symbols and the same
number of arpuments.

1) Apply the ieast generalization algorithm to all the classified sets of queries.

The least generalization algorithmiReynelds 70} is as follows;

Let A and B be any two predicates which have the same predicate symhbols and the same

number of arguments, and Z;, 2, ... be a sequenee of variabies which don't oceur in A or B.

Step.l Set the variables A" to A, B" to B, ¢ and 5 to empty substitution, and 1 to zero.

Step.2 U A'= B', exit with AUB=A'=B'. ?

Step.3 Let & be the lndex of the frst symbol position at which A' and B’ differ, and let § and
T be the terms which aceur, beginning in the kth position, in A’ and B' respectively.

Step.4 Ii, for some jsuchthat 1 < 7 <+, Z;¢ = § and Z;q = T, then alter A’ by replacing the
occurance of § beginning in the kth position by Z;, alter B' by replacing the occurence
of T begluning in the k th position by Z;, and go to 2.

Step.5 Otherwisze, increase + by one, alter A' by replacing the occurance of § beginning in the
kth position by Z;, alter B' by replacing the occurance of T’ beginning in the kth position
by Z;, replace ¢ by ¢ U §/Z;, replace n by nUT/Z;, and go to 2.

This algorithm always terminates at step2, and for the finite set of predicates {5, Py, ..., P},
which have the same predicate symbol and the same number of the arguments, we can get a

least generalization of this set by using this algorithm for each predicate iteratively.

Example The LG of the query set

{=f(X hla)), = f{b. (X)), =g(h{X), Y, Y}, ~g(a, A{X), h{ X)), ~h{a), =hiaib]]}
is

{~fIX.A(Y)), =g X, Y, ¥}, ~h{ X)} s

Next we consider specification of a knowledge base by such an LGQ.

24 denotes the least npper hound.



2.2 Virtual knowledge base

We want to reduce the search space for the given queries by partially evaluating a knowledge
base in advance using them. For this purpose, we consider deriving an LGQ of the given queries
and evaluating a knowledge base using it to create a virtual relation for the queries.

We call the virtual relation a virtual knowledge base which is a specificated knowledge base
for the given queries.

The step of creating a virtual knowledge bhase is as follows:

Step.l Analyze given queries and derive an LGQ).

Step.2 Retrieve the LGQ's answers from the knowledge base.

A virtual knowledge base iz the instantiated LGQs by its answers and retrieval for the

given queries are done in the resultant virtual table.

Example Supposge the knowledge base is given.

p(X,Y,Z):- q(X,Y).r(Y,Z).

a(X,Y)- w(X,2),q(Z,Y).

a(X,Y):- w(X,Y).

(2, Y)- s(XE(Y)) 6(Y).

u{X, Y} m(X,¥),t(Y).

m{X,Y):- nle, X, Y).

1(X)= (X}, ¥(X).

s(bf(glc))). s(dF(a)). s(f(a)c). s(cL(f(b))). s(gla)f(f(e(b}))). s(f(d)fc}).
t(a). t(b). t{f(b)). t(f(s(b). tlglc)).

v(a). v(b). v{f{c)).

w{f{a)b). wif(a),e). w{f(f(c).d). wig(b).).

n{c,a.b). nicaf(g(b))). nlcaglc)). nlcbgid)). nlbeif(d)).

Consider a et of queries

q={-p(f(X),Y,Z),~p{f(X),Y, X),-p{ S(fS{ X)) 0( X}, ¥),
—u(a,b), ~ula,c), =r(a, F{X}), =r{X fla}}}

4
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Figure 1. Model of creating virtual knowledge base

then the LGQ of g is
LGQ = {-p(f(X),Y, Z),~uls, X}, ~r(X, f(Y))}.
and the virtual kmowledge hase iz as followes;

p(fla).b.gle)). plf(a).c.f(b)). plfi(c)).da).
u(a,b). u(af(gb))). ulaglc)).
r{e.f(b]). r(g(a)dlg(b))). o

In other words, by creating the virtual knowledge base in advance, we can omit iterative
deduction for the given queries. Our model of creating a virtual knowledge base is shown in

Figure 1.

Query processing in this model is presented as follows.



Partial evaluation of a knowledge base kb by LGQ is denoted

kbrao = R(kb, LGQ) (1)

where R is a function which accepts a knowledge base and queries, returns nstantiated
queries with their answers, and kbpgg is the evaiuated kb by LGQ. that is, a virtua! relation
of LGQ.

L@, derived by query analysis from a set of queries q is

LGQ = Ug (2)

Applying (2) to (1),

kbrog = R{kb,Uq) (3)

Using (3), the retrieval of q in kbrgg is denoted as follows :

m[kbm!ﬂ'iq} = m{m[":'ﬁruq}!q] {4}

{4) denotes a partial evaluation of knowledge base and the guery processing in our model.
It is obvious that this transformation of kb into kbp;g preserves equivalence for the set of
queries q, because kbrgg is the virtual relation of the set of answers of the LGQ and includes

the answers of the set of queries.

3 Discussion

This section gives some results of the experimental implementation of query analysis and
discusses the conditions for the effectiveness of our model by estimating the performance of

our model.

1.1 Experimental results

Our model for query processing consists of these three processes :
1] Query analyais
#1} Creating a virtual knowledge base

i1} Query processing in the virtual knowledge base

G
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Figure 2 Query analysis results

First some results of query analysis are shown m Figure 2. It depends on the structure of
queries(i.e the number of arguments and the depth of terms), the number of queries to analyze
and the rate of Nygg /N, where Nigg and N, denote the number of LGQ and queries,

respectively.

2.2 Estimated performance

Next we estimate the execution time of query processing in our model.

When a Prolog compiler is C LIPS, then the execution time of query procesing is given by
Ng- R;" C where N, and R denote the number of apswers for a query and its average reduction
steps for one answer, respectively. When the number of queries to retrieve is N, then the
execution time of these queries is given by N, - N, - R/C, where N, - R/C is the average
execution time for the queries.

Assume the number of LGQ is Ny, and the average execution time of them is Ny, Rigy/C,
the time for creating a virtual knowledge base is given by Nigq Nige Rigg/C. Then the execution
time of query processing in the virtual knowiedge base is N, - [7,/C, R = 1 above is since the

virtual kmowledge base is a refation for the queries.
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Figure 3. Comparison of execution time
Sinee the total execution time of query processing is
Nigq - Niga - Rigg/C + Ny - No/C + t(q) (1)

t{q) above is a time for query analysis which depends on the property of the set of queries.
On the other hand, execution time of query processing in a kmowiedge base iz given by the
following:

Ng-No-RyfC (2)

where R, denotes the average reduction steps for queries.

Now we compare the ahove two execution time of query pn:.lceus'mg.

Figure 3 shows the comparison of the above two execution time. Here we assume R, is
nearly equal to Ryg, under the condition of compiling with indexing[Bowen 83}, and both are
presented as a parameter R. From Figure 3, when Njpq - Nige is smaller than N - N, it takes
less execution time in our model beyond Ng- N, +C -#{q)/Ng- Ny — Nigg- Nige average reduction
stepa,

For exampie, assume C = 43000LIPS {DEC 2060)(Kaneda 84], Ny = 20, Ngg = 8 (Nige/Ng =



40%) and N, = 10, Ny, = 15, by the Figure 2 we get t{q) = 220maec, and with these values

the above average reduction step is calculated about 121,

Fipally, we summerize the conditions when our model iz effective as foilows.

{a) There is a large scale of knowledge base and takes many reduction steps to process queries
in them and further the load for query processing in them is much heavier than that of
query analysis. (Notice the query analysis t(q), depends on the queries and not on the
knowledge base.)

{6) There is considerable similar iterative query processing. {i.e Nyy,/N, < 1.)

(¢) The answers approximated by LGQ contains few excessive answers for the queries or the
queries have some answers in common. (Iu the latter case, LG omits the redundant

answers. )

4 Concluding remarks

In this paper we discussed partial evaluation of a knowledge base as a transformation of the
knowledge base into a virtual knowledge base which preserves equivalence of the given queries.
This technique is considered effective for example when a large amount of knowledge iz stored
in a secendary memory and its access by some iterative query processing happens frequently.
In this case creating a virtual knowledge base is considered as a preprocess of compiling the
knowledge by LG Q in advance and storing it in the primary memory as a virtual relation for
the queries,

In order to utilize a large amount of knowledge effectively, it is available to modify knowl-

edge base under the environment of usage, and we consider this research as one of the techniques
for that.
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