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Abstract

This paper describes about the research and developaient status of the knowledge
base system in logic programming and the parallel processing paradigms at the end
of the intermediate stage. Our aim is to realize a prototype of the fifth generation
computer system in the final stage. [t will consist of a parallel inference subsystem and
a knowledge base subsystem. In the final stage, these subsystems will be integrated into
the prototype of the FGCS by using the parallel logic programming kernel language,
Guarded Horn Clauses, or GHC defined in ICOT in 1985.



1. Introduction

From research and development of the relatiornal database experimental system
in the initial stage, we have developed technology for handling databases with large
numbers of facts [Murakami 83](Itoh H §7a] and fact database retrieval technology from
the user programs written in the logic programming language [Kunifuji 82][Yokota
B6al. These technologies are being used in the knowledge base subsystem on the
sequential inference machine{ltoh F 85](Itoh H 88]. In the initial stage, we were waiting
for the completion of the inference machines, PSI and CHI, for our research tools
and environments. At the beginning of the intermediate stage, we decided that our
knowledge base systems should be developed on these inference machines. We believed
this approach would be the shortest path to our final goal. The inference mechanism
is also one of the most important functions to realize the knowledge base system. So,
in our new approach, the knowledge base system on the inference machine is more able
to manage both complex legical data structures and simpie relational data structures.
It is also possible to apply richer logical functions to processing than can be applied to
the relational database system on the general purpose processor.

Here, the technologies developed for the knowledge base model on the sequential
inference machine are being used in the distributed knowledge base system. The tech-
nologies developed for the distributed knowledge base subsystem are being used in the
parallel knowledge base subsystem on tightly coupled multi-processors.

At the start of this research, we looked for tightly coupled multi-processors. The

multi-PSI machine was one good candidate for the parallel knowledge base experi- -



mental subsystem. To use this system for the parallel knowledge base subsvstem in
the same way as for the parailel inference subsysten, it would e easier to integraie
the parallel inference subsvstem and the parallel knowledge base subsystem in the fnal
stage than to take another approach. But unfortunately, at the start, it was impossibie
to use the multi-PSI machine for the parallel knowledge base subsystem, and also the
multi-PSI machine did not have shared memory architecture. We therefore decided to
develop experimental tizhtly coupled multi-processors with large scale shared memory
units. The tightly coupled multi-processors are general purpose micro-processors at
present, but they are to be based on GHC [Ueda 85 and tc be connected uniformly
by the FGCS network [Goto 87][Itoh H 87b] in the final stage. Therefore, we now
plan to develop GHC based VLSI processors for the prototype of the FGCUS. We have
also developed an application program for the feasibility check of this experimental
system. It is a retrieval program for a large nunber of references stored in the ex-
perimental system [Shibayama 88]. We have evaluated the relationships between its
parallel retrieval efficiency and the granularity of the knowledge base. We have also
developed another application program for reference retrieval using the semantics of
the references [Kogochi 88].

The last area is the research and development of the interface system written in
GHC between the parallel knowledge base subsystem and the parallel inference sub-

system [Yokota 83).



2. Knowledge base system on a sequential inference machine

The approach of building the knowledge base subsystem on the CHI machine is
to extend a logic programming language that supports knowledge base functions. We
have developed a practical knowledge base system with a large amount of knowledge in
order to prove the effectiveness of the functions. The entire system was developed on
the CHI machine with a high-performance sequential inference processor and a largs
capacity memory. The main memory capacity is sufficient for realizing a main memory
based knowledge base.

The CHI hardware system configuration is shown in Fig. 1. The performance of
the processor in the CHI is about 500 KLIPS (logical inferences per second), and the
capacity of the main memory is 320 megabytes. The processor and main memory are
connected to a front-end processor for inpiit-output operations. The high performance
comes from special hardware for unification, backiracking, clause indexing and sophis-
ticated compiier optimization. The large memory capacity makes it possible to realize
a memory based knowledge base systemn.

The CHI software system configuration [Konagaya 87) is shown in Fig. 2. The
software system is composed of three layers: a kernel layer, a language processing
layer and an application layer. The kernel layer provides basic functions for multi-
processing and remote input-output operations. The language processing layer provides
an interactive programming environment for SUPLOG, a Prolog dialect with multiple
name space. The application layer provides special inference rules and {acts for special

areas, such as DNA sequence matching and a machine translation system. Especiaily,



we have developed the DNA sequencs matching program for the application system.
The progra:mn is one of the typical retsieval applications of collecting all the solutions
from a large knowledze hase. All processes share the knowledze base srstems illustrated
in the lower part of Fig. 2, and all processes execute logic programs within their own
execution environment illustrated in the upper part of Fig. 2, such as local stacks,
zlobal stacks, trail stacks and local knowledge bases.

So, from the user’s point of view, the CHI is like a domain-oriented knowledge base
machine rather than a Prolog machine. when application layer programs are inaded on
the system programs.

We mtroduced the multiple-muitiple name space method to aveid name conflict
between inter-processes. An example of multiple-multiple aame spaces is shown in Fig.
3. This method gives an elegant way of sharing a inowledge base among inter-processes.
To realize it, each process copies the name tables of the shared clause database, when

created. The point is that the copied name tables are in the local clause base, so each

process can change any name space without affecting other processes.

3. Distributed knowledge base sysiem

The distributed knowledge base system is a kind of co-operative problem solving
systern in the distributed environment. It is located logically between the knowledge
base system on the single processor and the parallel knowledge base system on the
tightly coupled processors.

Logical configuration of the distributed knowledge base system which i called 1s



shown in Fig. 4. It consists of the application program. the global knowl=dge base
manager and a number of local knowledge base managers. The application program
on this system was developed for the support system for programming.

Physical configuration of the PHI system 1s shown in Fig. 5. The PSI machines
connected by a local area network are used both for the host systems and the knowledge
base systems. Each site of the knowledge base has the same logical structure as the
software shown in Fig. 5. One global manager and one or more local managers are
dynamically assigned to each user or application program shown in Fig. 4. The basic
functions in each site of the knowledge base system are based on the deductive database.
Therefore, the knowledge base management layer manages an internal database, or
IDB, which is a set of rules, and the database management layer manages the external
database, or EDD, which 13 & set of facts. The PHI computes an answer to a guery as
a set of facts in the EDB using the rules in the IDBE.

Recursive query processing in the deductive database and in the distributed en-
vironment is one of the key points of research and development. Distributed query
processing is based on the communication cost minimization approach, which is the
same approach as ordinal distributed database systems. Our recursive query processing
is based on a bottom-up approach combined with query transformation procedures in
order to reduce the calculation cost [Miyazaki 83]. We adopted a dynamic optimization
method in these types of processing. Because a query is also a set of sentences in the
logic program, we applied program transformation methods, for example, the partial

evaluation method [Sakama 33] and the theorem proving methods. to query transior-



mation procedures. Thev can be seen as a kind of knowledge compilation methad
appiled to the quertes, [DB and EDB for eTcient retrieval.

The PHI allows negative literals in bodies of clauses. This extension introduces two
dificuities in query processing. One is that we have to specifv an aporopriate class of
databases at first, and then the semantics of negation has to be defined. The other is
that we have to consider an efficient query evaluation method which is correct under
the zemantics.

For the first problem, we consider a class of the so-called stratified data bases
which are partitioned into layers. The evaluation of the clause base are decided layer
by layer from the bottom layer. Then a higher layer can use the negations decided
in the lower layers. We define a new method for the second problem. The ordered
linear resolution with tabulation method [Tamaki 86] has already been developed for
the definite database, and we combined the idea of negation as failure with it [Seki &3],

and apolied it to query processing in the PHI system.

4. Parallel knowledge base system

In this system, we assume that knowledge 15 what is represented by the set of terms.
Here, the term is the primitive element of clauses. It may include variables in itself and
has a more complex logical structure than data. We have defined new unification based
operations on the relational term base for the parallel knowledge base system. Typical
new operations are unification-join and unification-restriction [Yokota 36bj[Morita 86G].

They can be seen as a combination of the unification operations and the relational



algebraic operations which are normally used in the relational databases. Because all
terms retrieved using this new methed are unified with the terms in queries, we call

this new method ‘retrieval by unification’, or RBU.

Unification based query language

A simple example of the unification based query language [Monoi 88b] is shown in
Fig. 6. The ‘retrieve’ in it is a predicate to retrieve knowledge base. The meaning
of it is illustrated by the AND-OR tree in the lower part of Fig. 6. The leaves in
this tree are the retrieval conditions given in the query or the rules and facts in the
knowledge base. Because both rules and facts are stored in the knowledge base in the
same logical scheme, it is convenient to select the rules concerning the facts which are
expected to be retrieved and to apply instantaneously them to their facts in the same
place. It also means that inference processing can be performed even during knowledge
base retrieval. It is especially convenient when the shallow inference rules are widely
and iteratively applied to a large amount of knowledge. For example, when there are
a many kinds of standard tactics in the system of a ‘go’ game or chess game, it is very
convenient to evaiuate all of them after moving only a few steps.

Here we consider a case where the knowledge base is very large. For processing

efficiency, it is also necessary to process in parallel.



Compilation and parallel execution

Fig. 7 shows the flow of query compilation and its parallel execution processing.
When one of the idle processing elements is determined dynamically by the other pro-
cessing elements to be a receiver of the queries, this processing element then compiles
the queries into RBU operations and decompaoses them into many pieces which are units
of parallel processing. They are then delivered to the other processing elements. The

query language between the knowledge base and user programs is defined according o

these ideas [Mono: 88|,

Hardware configuration

For the parallel execution of a large number of their decomposed pieces, each of
which 1s very large, we have developed the experimental system shown in Fig. 8.
It 15 composed of eight processing elements, and eight multi-port page-memory units
Tanaka 34a|[Tanaka 84b]. Each processing element is connected with a page-memory
unit by a port through a switching network. Decause a logical space lies on all the
page-memory units, each processing element can access same logical space at the same
time in page-memeory units through its own port in parallel [Monei §8z][Sakal 38].

Fib. § is the parallel processing timing diagram. The processing time is composed
of compiling, decomposing, delivering and processing time. [f the knowledge base is
very large, the whole processing time using all the processing elements in parallel 1s
reduced to about one eizhth of the whole time using only one processing element. The

s¥ystem'’s memory storss many references for different papers.



5. Interface system between GHC and the parallel knowledge
base system

The features of the GHC are the don’t-care nondeterminisiic and-parallel process-
ing, and the data stream-type input-output processing. ¥¥ihen a process in the don't
care nondeterministic and-parallel method finds a resolution, then it stops to find the
other resolutions. It is inconsistent with the all solution collecting mechanism which
is required in the knowledge Dase system. To avoid this problewn, the special predi-
cates which are the processes in GHC are provided. They continuously receive all the
resolutions from the knowledge base system in a stream which is the second feature
of GHC. We have developed the special predicate processing system and have embed-
ded it into GHC. This interface system will be applied in the parallel knowledge base
syetem which will be enhancad to the knowledge base clusters in the prototype of the
FGCS. At present, for the evaluation of it we have developed the better-first search
parallel production system on it (see Fig. 10). The detail of it had been descrived in
[Yokota 89].

— 10 —



6. Conclusion

This paper have Cescrived at the current status of research and developmen: of the
knowiecze base subsvsiem. In the infermediate stage, we investigated and performed
experiments on four knowledrse base mechanisms and the application pregrams on the
paralle!l knowiedge base system required for constructing the prototype of the FGCS.

Here, the knowledge base systemns are summarized as follows.

(1) The knowledge base system on the CHI machine provides a very high perior-
mance knowledge retrieval mechanism, a practical memery based knowledge base,
and a hierarchical clause base for a multi-process environment. In this system,
multiple-multiple name spaces play an essential role in hierarchical knowledge

representation and avoiding inter-process name conflict.

{2} We have developed a distributed knowledge base system based on deductive databases.
Recursive query processing is based on the calculation cost minimization ap-
proach, which comes from the logic programming transfer methods, because the
query, IDB and EDB are defined by the sets of sentences in the logic programmung

language.

(3) Ir parallel knowledge base research, the experimental hardware and knowledge
base management software have been developed. An application program for a
feasibility check of the system has also been developed. The system has been
proven to manipulate sets of terms eficiently in parallel. The hardware conflgu-

ration proved useful for large knowiedge bases.

=11 —



(4) Ve propose o introduce a special predicate processer for the inierace between the
GHC processes and the knowledge base processes. It receives 2ll the resolutions
from the knowledge base processes in stream. We have developed 2 parallel

application program to checx the feasibility of the interface system.

In conclusion, the first and second research areas has been finished at the end of the
intermediate stage. The relationa! database system on the general purpose machine
developed in the initial stage, the knowledge base system on the CHI machine and the
distributed knowledge base system on the PSI machines developed in the intermediate
stage are milestones towards our final goal. The parallel knowledge base subsystem,
the interface system between GHC and the perallel knowledge base subsystem, and
the semantics retrieval application program will be enhanced and combined to realize
clusters, which are one of the components of the prototype of the Fifth Generation
Computer System in the final stage. The various technologies developed in the inter-

mediate stage will be incorporated in the FGCS.
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