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Abstract

This paper describes ICOT's parallel inferance machine and
knowledge hase machipe., A parallel logic programming language
has been developed as a kernel langusse of the Fifth Genaeration
Computer System {FGCS). Under the specification of the kernasl
language, hardware systems and software systems have been
rasearched and developed. The personal segquential inferehce
machines (P5I) has been developed as a hardware system; it is
the tool for researching and developing the parallel
inference machine (PIM) and knowledge base machine (EBM). The
PIM operating system (PIMOS) and knowledge base management

software system have been developed as basic software systems.



1. Introduction

Logic programming has begun to be used to formalize computer
arehitecture, new programming styles, programming lanquage semantics,
and data base semantics, Legie programming will also play an important
role in such fields as linguistics, artificial intelligence, and their
parallel processing.

wWith this background, the FGCS project has been started with the
conjecture that logic programming is the bridge connecting knowledge
informaticn processing and parallel computer architecturs. Prolog was
selected as the logic programming lanquage to be used as a research
tool {Puchi 84 and 86]. From Prolog, a kernel languagse [Ueda 85] was
developed corresponding to a conventiconal machine language. The kernel
language is the nucleus of hardware and software systems for the Fifth
Generation Computer System.

At present, a kerneal language (KL} is being developed, which
_includes a parallel processing featurs added te the logic language.
Under the KL specifications, the parallel inference machine {PIﬁ}r the
knowladge base machine (KBM) and their ocperating system (FIM3S) are
being developed to establish parallel inference technology. Moreover
the knowledge base management softwara system is being developed on

the PIMOS.

2, Kernel Language

This section outlines szome features of the kernel language. Various
studies have been carried out to realize parallel programming in logic
programming. Guarded Horn Clausas {GHC) [Ueda 85] was developed as the
karnel language of the FGCS using the fellewing approach:

Tmposition of guards and restriction of nondeterminism where
the clause which has passed the guard first is used for subseguent
computation.

The pioneering works of GHC are Relational Language [Clazk 817,
Concurrent Prolog [Shapiro #3] and Parleg [Clark 84]. All of these

languages are very similar and their common feature is that aach



clause has a guard part and a bedy part, separated by commit cperator
{denoted by |}, In these language GHC has the simplest syntax. Each

clause written in GHC is in the fullowing form:
#:- 61, ... , Gm | BL, ... ,En.

where connestives := and , are common to ardinary Horn clausés. The
part of a clause befeore | is called the guard, and the part after it
£z called the body. The calculation results of the guard are only
effective in the guard. A guarded clause with no head iz a geal
clause, as in Prolog,

The semantics of GHC are also guite simple. The executian of a GHO

program proceeds by reducing a given goal elause to the empty clause

under the following rules:

Rule 1: Any piece of unificatien in the guard of a clause cannot
instantiate a wvariable in the esallsr.

Rule 2: Rny piece of unlficaticon in the body of a clause cannot
instantiate a wariable in the guard until that clause is
selected for commitment.

Rule 3: When there are several clauses of the same head predicate
{candidate clauses), the clause whose guard first succeads

iz gelected for commitment.

Rule 1 1s used for synchronization, Rule 2 quarantees selection
of one body for one inveocation, and Rule 3 can be regarded as a
seguencing rule for Rule 2. Under the above rules, each goal in a

given geal clause is reduced to new goals (or null) in parallel.

3. KL Lanquage Svystem and PIMOS
EL ies a hierarchical language systom: XL-U (user), KL-C (eore),
EL~P (pragma}, or XL-8 (base) as shown in Figqure 1. In an actual

programming environment, where most system programmers are exechbed to
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develop using EL;U, these four compiler systems are wvery important.

EL=C is a core language system, and iz based on Flat=-GHC with
built-in predicates and meta-calls. Flat-GHC is a subset of GHC,
whose gquard goals are all built-in predicates., This restriction makes
its language implementation more efficient in keeping its description
powar., Meta-calls are special functions enabling programmers to
handle the logical wvalues of goals.

EL-F is the attached language functions toe EL-C such as job
allocation and goal pricority control. These functions exceed the
leogical framework of GHC, but are necessary to describe the
aperating system (PIMOS). PIMOS dynamically re-allacates processes
considering their localities and lead balance. Programmers should
only assume the abstract image of PIM without a real processor
network, which is a kind of homogeous processing power plane with
logical distance of communications. These functions have been
designed in KL-P for about 100 processing elements, and the contrel
mebthods in KL-P for about 1000 processing elements have being studied
with a softvware simulator.

EL-U is a high-level system programming language for system
programmers. KL-C and KL-P specify the overall language functions ef
EL. Such functions are included in KL with some modular programming
concepts. EKL-U has been extended to be a parallel cbject crientad.

EL-8B is a wirtual machine code interfacing the PIM and PIMOS. It
can be regarded as a compiler target language of EL-U, EL-C, and EL=P.
EL=E also includes some special functions to control apnd maintain the

PIM hardware directly.

4. Parallel Inference Machine Architecture

Flgures 2 and 3 show the two overall construction images of PIM.
Bath machines have cluster concepts, There are about 10 processing
elements in each cluster, & physical shared memory form a cluster in
Figure 2, and a global address space is distributed in cach procaessing

element memery to form a cluster in Figure 3,



There are two types of clusters: logical and physical. The logical
cluster is a group of processing elements that has one address space.
These processing elements share data space such as parallel geal
environments. Thus, some address transfermation tables and their
management are necessary for communication between logical slusters.
Garbage can be collected in each logical cluster. The physical cluster
is the group of processing elements which are physically connected
closely. Each processor can communicate faster with othar processaors
in its own cluster than with processors in anether phvsical clustar,

In Figure 2, a cluster i3 a group of processors connected with the
fame shared memory, and the inter-processor network is a two—-lewvel
network. These processors communicate with each other using both an
intra-cluster network (i.e., a lower-level network) and their shared
memoxy. The network response iz more important tham throughput for
intra-cluster network communication. These eclusters are connected with
wach other by an inter-cluster network (an upper-lavel network).
High=throughput networks such as ersss-bar networks are suitable and
aveilakble because Lhere are about 10 clusters in the PIM.

In Figure 1, a cluster is a group of processors whose global
memories (GM) have the same address space. So each GM{i} in cluster(i)
forms one global address space. The inter—processor network can be
designed in a singl-=level network. However, a two-leval netwerk is
better to make the best use of the locality in application programs.

Other issues in designing processing elements are tag architecture
for unification, efficient context-switching mochanisms, and interrupt
handlers for inter-processor communicatien, Context-switahing and
interrupt handling are key issues in wnabling communication between
parallel goals. Context-switching occurs both in goal suspension and
in unification with remote data. The concept of concurrent virtual
machines has been introduced to realize efficient context-switching.
Ihe concurrent virtual machine mechanism can be regarded as a logical

cache of goal contexts.



5. Fnowledge Base Machine Architecture

The shared knowledge represented in the logic programming language
iz stored in the shared memory hardware system. [t is also managed by
a knowledge base management software syvstem and retrieved by retrieve
commands, This section describes the shared memory hardware system,
pipelined-data stream type dedicated hardware engines, and their
parallel control software system. The next section describes the
knowledge base management software svstem and the retrieve commands.

For retrieval of the grand clauses that seem to be relational
data, the relaticnal engines (RE) and their parallel control methods
have heen developed and evaluated in the initial stage [Itoeh B7].

For retrieval of the general clauses, the unification engine {UE)
[Yokota 86) & [Morita 86] has been designed by enhancing the RE.

A generality on the clauses is defined in unification operaticn.
Two sets of clauses are serted in the generality stream in the UE as
inputs. The UE mapipulates them under relational-unification operaticn
[{Yokota B&] that iz defined in sets af slauzaes. Fifqure 4 shoes the UE,
it is composed of two sort units; 2 palr generation unit, and a
unification unit,

This group is developing the multi-access mechanism that makes a
number of UEs retrieve the same logical domain [Tanaka 84)
Simultanecusly. This mechanism is compesed af saveral ports and a
switching network, The experimental machine, ports, and multi-UE
parallel control software written in KL were developed as reported in
[Itoh and Takewaki #86]. This experimental syvstem has evaluated the
relation of degree of parallelism, granularity of data, and
availability ratio of UE. In the knowledge base the prooessing is
assumad to be or-parallelism, allowing each UE to process without
communication between cemmen variables. FPigiure 5 shows the hardware
configuration of the knowledge base machine. This knowledge base
system is alsc avallable to the shared memory system in the parallel

inference machine.



6. Knowledge Baﬁu Management Software System

The knowledge base management software system has such mechanisms
a3 knowledge acqusition compesed of knowledge assimilation, knowledge
accomnodation, and knowledge equilibration [Eitakami and Funifuii 84],
These mechanisms are supported by the basie inference functisns:
induction, reduction, and abduction realized with meta-programming
technigque.

For integrity-eenstraint checks, the knowledge base managament
software systen needs to treat excepitonal relatiens or exceptional
inheritance of knowledge under the clozed world assumption. For
efficieney of retrieval processing, rerieval command compiling and
aptimizing methods [Yokota 286] & [Miyazaki 86] were developed using
the partial evaluation technigue of logic presramming [Takeuchi 85).

The problem—oriented knowledge representing languages used in
frame, production, and other systems should be compiled in EL-C. The
knewledge compiler (KC) was investigated for this pupose. .

To construct these mechanisms ean the PIMOS, technigues evaluated

using the experimental PIM and KBM should be integrated imto KL-U,

EL-C, and EL-E,

7. Conclusion
This paper described the present status of research and development
at ICOT on parallel inference machines and knewledge base machines,
Based on the techaclogies developed through this research,
activities in this paper, this group will develop a prototype of a
hishly parallel computer for knowledge information processing, the

ultimate aim of the proiect.
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