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ABSTRACT

The Fifth Generation Computer Sye-
tems (FGCS) preject adopts a logic pro-
gramming language 23 its keroel lapguage.
It zpecifies the general framework of beth
software and hardware systems: ol target
computer :ystems. Thusz, & new tool, that s,
a new computer system is needed to provide
researchers with an efficient programming
environment for logic pregramming,

Thizs new cemputer gystem is called a
sequential inference machine (5TM) becanse
it has a high level machine language, called
Kernel Language version 0 {(KLO). It is
bazed on logic programming and execules
KLO sequentially.

A subproject is made to develop a SIM
system and is called the SIM project. This
project includes the development of both
bardware and seftware systems, such as a
personal sequential infereace machine, P3I[;
a leeal area network svatem, JCOT-Net;
and a programiming and operating syatem,
SIMPOS,

This paper desceribes the progress of
the SIM project, mainiy, the development
of 1tg architecture and hardware sysiem.
However, iis sofware system, jocludiog
SIMFPOS apd its system description laao-
guage, ESP, are closely related to the ar-
ehiteeture. Therefare, they often require
and will require the modifcstion and exten-
sicn of the KLO funstion, as well as of the

architecture and hardware system.

This paper bricdy deseribes this feed-
back from the soltware system to the KLO
funetions and hardware system. It also in-
cludes a2 RED plan for the intermediate
stape.

1 INTRODUCTION
1.1 Motivation

The FGCS project adopted logic pro-
gramming as its basic language because the
language is considered to be the interface
between the software system and hardware
system of the project’s tarpet computer sys-
tems. It was also chosen as it is considered
the meost appropriate base from which to
implement a sophisticated sofiware system
for 2 knowledge information processing sys-
tem and a powerful hardware system using
highly parallel architectures and VL5I tech-

polugy,

To carry out the research apd devel-
opment, certain tools were considered very
important. In particular, an efficient pro-
gramming eovironment is essential. Thus, a
subproject to develop & mew computer sys-
tem which supports logie programiming was
planned.

This computer s¥siem was nawed a se-
quential ioference machipe, #|M, apd the
subprojest is called the SIM project. The
SIM project was clzssified as one of the maost



important subprojects in the initial stage of
the ten-year FGCS project, Its gaal is to de-
velop hardware and software systems which
can provide researchers with an efficient pro-
gramming environment and also make 2 lot
of software experiments possible.

1.2 Requirements

The SIM system was and is required
to have sufficient processing power and
memory space Tor the hardware system, as
well as eficient and easy-to-use program-
ming facilities for the sollware system.

For processing power and Imemory
space, it was estimated that the hardware
evitem should attain at least the same level
of processing power as DEC-10 Proleg, the
world's fastest software processor running
on the DEC 2060, A fzster hardware proces-
sor was also hoped for by some software re-
scarchers to cope with larger seale software
experiments.

These basic requirements were con-
sidered to be best realized by a super per-
sonal computer equipped with saphisticated
wan-machine interface devices. [Its soft-
ware system should have many new features
to make programming more productive and
reliable. These features are realized by such
snftware subsysiems as a multi-window sys-
temm with » mouse, an efficient editor, an
easy-te-use debugger, a librarian for soft-
ware modules and a coordinator (or sessien
manager).

A personal computer should also have
a local area network system to exchange
wessages, programs and o forth, Iis sofi-
ware system shouald, thus, include & network
subeystem to enabie uscrs to access remote
files and processes of olther computers.

To implement these sophisticated sofi-
ware :yitems summarized as a programming
and operating system, a powerful system
description language is required. Programs

written in this language ars compiled in the
machine language and executed.

All of these requirements for both the
enftware and hardware systems were inves
tirated and an outline of the R & D plan
waz made before the FGCS project actually
started in June 1983,

1.3 RED Sehedule

Az the SIM system should be used as
a project's siandard tocl and be available
in the intermediate stage, R & D of the
both seftware and bardware system should
be completed in the first three years of the
project, namely, the initisl stage. This
means that the hardware system had to be
built as soon as possible, namely, in a year
or less, so that the fipal phase of sofiware
development could be done on the actual
hardware system.

After the FGCS project started and
ICOT began its R & D activities, a detailed
plan of the SIM project” was made, In
this plan, we decided to build two types of
hardware systems, which were named " basic
hardware system”™ and "extended hardware
system™. The basic bardware system bad
to be built within a year so that it could
he used for sofiware development. The ex-
tended hardware system was allowed a litile
more time, two years. [Towever, it had to
attain faster speed than the basic one.

1.4 Organization of SIM System

From the project management view-
point, the 5IM project can be divided into
such components as the following:

(1) SIM hardware system
» Dasic hardware sysicin

This sysiem consists of a persomal se-
quential inference machine, FSI, and a lo-
cal area network system, 1COT-Net. This
also includes PST's firmware development



ard al:o its development support system.
s Extended hardware system

The main part of this system is a high-
speed processor system which is designed as
to be the backend hardware processor of Lthe
PS5l Seme specialized 1/O equipment such
as a picture input and ouipul device was
also included in this system.

{2) SIM sefiware system

5IM's total sofiware system is named
SIMPOS, ie. SIM Programmicg apd Oper-
ating System.

= Kernel operating system

The kernel operating system provides
functions for managing processor, memory
and I/Q devices; for formulating abstract
resources such as process, pool, stream; and
for providing sophisticated I/O [unctions
such 23 a multi-window system, file system
and network sysiem.

« Programming system

The programming system has such
functions for programming as language
processors for the system description lan-
gusze, ESP, and other modules as an editor,
an debugger, and an coordinator.

2 PROGRESSOF R ED
2.1 Machine Language Design

The design of the SIM system began
with the design of Kernel Language, version
0 (KLO). The basic design philosophy deter-
mined that KLO should be based on logie
programming, However, existing logic pro-
gramming languages such as DEC-10 Prolag
of Edinburgh {Bowen, et zl. 1283) and
Prolog-11 of Marseille {Van Caneghem 1982)
were not designed as for machine language
or system description lapguages.

Therefore, we had to reconsider tbc
control structure, the data type and low

fevel built-in predicate: so thal we could
write the kernel opersting system and the
expected application programs,

For oxtension of the control mecha-
nism, we did not think that the simple cut
operatien in DEC-10 Prolog was sufficient to
implement the interpreter, debugger, errer
bandler and so on. We also added a mulii-
leve! eut operation. Furthermore, we added
& bipd-book operation and an exception-
hook cperation like the [reeze operation of
P.T:'-".'I.‘.IE-I.'[.

For extension of the data type, we dis-
custed the necessity of zuch dala types as
strings and vectors. We added these data
types and alsa built-in predicates to handle
these data types. These data types, espe-
cially vectors, are often uzed to implement
a variety of cperating system control tables.

For the low-level built-in predicates, we
had to add many special built-in predicates
to access and econtrol hardware resources
such as various hardware registers to control
and test the CPU, memory and 1/ O devices.
These special predicates are mainly uted in
the kermel operating s¥stem, namely, the
memory manager and the device handlers.
Adding to these predicates, we included the
usual arithmetiz and legieal cperations, e.g.
integer and fluating-point cperations.

Another dizcuzsion on KLO design was
about the level of the KLO, The level of
the KLO could Lave beer designed to be a:z
kigh as the usual prolog level or as low as
the intermediate code of DEC-10 Froiog, in
which source programs are compiled in the
iotermediate codes which are interpreted by
a virtual software proceszor called the PT.M,
(Warren 1577)

We have :fﬂs]gtm:] the lovel of the KLO
to be 23 bigh as the source program of DEC-
10 Prolog because we expected to have more
room tn imtroduce firmware and hardware
mechanisms to enhance 1he processing speed



of Lhe KLO.

We started the design of the KLO in
July 1982 and the specifications of the KLO
(first drait) were finalized by a team of
three JCOT researchers around the end of
November thal year.

2.2 Design of Main Compenents

The function and performance goals of
the main components were designed depend-
ing on various factors. Some examples are
+he time span to complete the development,
and the technical difficulty of attalning these
roals, the usable man-power, the anticipated
technical skills of the researchers and en-
gineers, and =o forth.

To provide the hardware system Lo selt-
ware people who had to develop the SIM’s
operating system and programming system,
a part of the SIM total system was separated
as the basic hardware system which had to
be develaped as soon as possible. Then we
divided the SIM hardware system ioto two
parts, namely, the basic bhardware s¥ystem
and the extended hardware system.

2.2.1 Basic Hardware System

The basic hardware system was planned
5o that the development would be completed
before the end of 1983, This system includes
the P51 and ICOT-Net.

Thus, a team for designing the PEL cop-
sistiong of six ICOT researchers, was formed
around the end of August 1982, TLis team's
alm was to design both PSI's frmware and
hardware systems. It started its activitiea
with the purpose of making the P51 a super
personal computer equipped with inpovative
I/O equipment like a bit-mapped display
and LAN system. The team also planned for
the PSI to attain the same level of perfor-
mance as DEC-10 Prolog on the DIEC 2080,
however, the available memory space had to
be much iarger than that,

First, the team iried to draw a rough
sketeh of the P51's architecture and hard-
ware orgznization, the KLO interpreta-
tion mechanism being implemented with
firmware, the developmernt suppert system
{including a minicomputer to be used as a
waorkbench), and so forth. The architecture
design began with the design of an internal
renresentation of the KLO, pamely, the data
format in the memory and also the interpre-
tation mechanism.

We had a discussion and found out
that the mechanizms Jor multi-process
suppert cembined with I/O contral and
memory management related to garbage
collection were alse interesting, but very
difficult, research problems. We decided to
praovide some hardware support for shert-
cping process switching, However, we did
pot attach a front-end processor like some
Lisp machines. This was because soft-
ware rescarchers want to keep the chance
to write very low-level control pregrams like
device handlers in the KLO so that they can
evaluate the deseriptive power of the KLO.

For the memory management mecha-
nism, we did pot include the virtual memory
system. This was because we could use
brand new 256K bit memeory chips ond
the 40-bit 16M-word main memery would
oecupy less than ome third of the :single
cabinet. We estimated that the 16M-word
would be sufficient for most application pro-
grams. This made it possible to use the
simple slide compaction type garbage collee-
tion method.

Along with the design of the F3]
the design of the ICOT-Net was done by
apother team. 1COT-Net is an CEMA/CD
type network like the Xerox Ether-net. It
uses a micrecomputer contreiled adapter
called LIA (L AN Interface Adapter) for each
pode cormputer. The LIA handles low-level
rrotocols so that the computer, eg. P3l,
can be freed from such low-level processing



as retrapemission of missing data.

Waork on this design phase was just like
doing a jigsaw puzzle. This is because each
member of the team tried to design some
parts of the PS] while observing its tetal
image and adjusting the boundaries of each
part. The functional specificationz of the
P51 (first draft) were made in December
1982, The final specification of these are
deseribed in the next section.

Atter this, we entered the detall design
phase of the PSI, In this phase, we started
the design of the micro-interpreter, namely,
the microprogram to interpret the KLO,
and the micro-instruction fermat. Along
with this, detailed design of the main hard-
ware maodules like the data path and the
sequencer of the CPU, memory controller,
elc was done, The specifications of the
micre-insiructions (first dralt) were made in
April 1983, From the middie of this stage,
wanulacturers were asked to join the 5IM
project, The final phase of this design was
carried out by a joint team of ICOT mem-
bers and manufacturers.

The design of PSI Srmware, namely,
the KLO micro-interpreter started along
with the hardware desizgn., The first dezign
step was to determine the internal repre-
sentation of the KLO, namely, the machine
instruction format of the KLO apd its ip-
terpretation mechanism. This mechanism
could execute KLO prorrams as fast as pos-
sible and efficiently implement several aug-
mented control predicates such as bind-hook
and muiti-leve! cut aperations.

We made many sampic programs to
verily algorithms fer such basic operations
as unification, execution control and stack
manipulation. Io this design process, we
often referred to the implemeotation of
DEC-10 Prolog, We fipally decided to adopl
the structure sharing aigerithm and uze fonr
stacks.  As we extended the data types,

methods to handle the heap data area werea
little different from those of DEC-10 Prolog,

The other frmware modules we had to
design were mechanizms to support multi-
proceszs control, memery management o
implement multiple virtual stacks, 1/0 con-
trol including interrupt handling, and so
fortk,  Scme ellurt was reguired to har-
monize these low level mechanisms with the
interpretation mechanism of the KLO.

The design of these mechanizms was
deeply related to the hardware design.
Furthermore, the design of the KLO
procesded in parallel with theze desigu
effori. Detailed design of the PS] firmware
systemn was completed around the end of
January 1983. After this, the design of
firmware development staried.

2.2.2 Extended Hardware System

The extended hardware system was
aimed at enhancing the SIM system's
capability to cope with larger sofiware ex-
periments requiring more Drocessing power,
Apother goal was to enhance Input and out-
put capability to handic drawings, pictures
and so forth.

In the conceptual design phase of the
SIM system, we investigated luture needs
for processing power and memaory capacity.
We concluded that some application systems
would require much wore processing power
than the DEC-10 Froieg ope. Thus, we
made plans to develop a faster hardware
processor.

Here we aimed at the development of
the fastest possible processor having the de-
velopment a more research oricoted than
that of the P51, that 18, cne permitting more
risk. However, we hoped that this proces-
sor woutld be applicable to some larger scals
soliware experiments than PSI could not
cope with,



In the conceptual design phase, we had
two types of machine organizations. Cune
was an upward-compatible machine to the
P51 and the other was the backend high-
spend procezsor of PSLL After a series of dis-
cuszions ineluding members of a manufac-
turer we determined that this machine was
the backend processor of the PSI, mainly be-
cause this type of processor could eliminate
quick process switching and input and out-
put control. Thus, the design could be con-
centrated on Lhe speed-up of the processor.

We tried to iptroduce a different ap-
proach from the PSI, namely, a different
interpretation method based on stiructure
copying, a different machine instruction
set, different architecture, and different
device technology. Important differences be-
tween the high-speed processor znd the PSI
were that the interpretation mechanism was
based op structure copying and the level of
machine language was lower than that of the
PSI s that its compiler could make greater
optimization for the speed-up ef program
execution,

In spite of these differences, we devel-
cped the language so that it couid sup-
port a subset of the KLO, including imper-
tant built-in predicates. Hardware oriented
built-in predicates were, of course, different
between the high-speed processor and the
PSI. Thus, most user programs written in
F.SF could be run on this processor by using
its compiier.

For the hardware design, we decided
to use CML [Current Mode Logic) circuits
for the speed-up. In addition, we tried to
introduece pipe-lined local parallelism in the
CPU of the processer.

These had produced several research
problems in functional design and made
production more difficult. Thus we had to
spend several months on functional design

because we needed a detailed design of the.

importaot parts of the interpretation mech-
anisms and hardware modules to verify the
feasibility of the functional specifications.

The functicnal specifications of the
hardware system (first drafl) were made
around the end of November 1983. Aller
that, a detailed design followed and il was
almost completed in May 1984, In these
design phases, most detailed work was done
by the manufacturer.

2.2.3 Software System

Development of S5IM's sofiware zys-
tem began with conceptual design of the
S5IM pregramming and eperating sysiem,
SIMPQS. Development was carried out so
as to achieve a persomal operating system
having sophisticated functions for smoothly
performing man-machine interactions as
well as to Tacilitate constructions of a dis-
tributed system by conpeciing many PSl's
via a LAN system {ICOT-Net) in addi-
tion to ordinary functions of recent per-
sonal computer systems. Furthermore, an
efficient programming system had to be built
using these functions including an editor, a
languare processor, a debugmer and many
utility sofiware modules,

Theough the functional goal of SIMPOS
was as high as the inpovative operaling =vs-
tems of super personal computers like LISP
machines, there was ancther risky condi-
tienm, that is, it shounid be written in a com-
pletely new lapguage which had not been
precizely designed. And also it was an-
ticipated that most members of SIMPOS de-
velopment team would pot be familiar with
this language.

Until the end of 1982, most effort made
was in the design of functioual specifications
of important software modules and subsys-
tems such as a window system, fle sys-
tem and editor, apd for designing the
module structure of the kernel operating



system based on the object criented con-
cept, Adding to these desizn efforts, primi-
tive functions to coptrol hardware systems
and implement the kernel operating system
were selected and added as builtin predi-
cates of KLO.

The functional specification of 5IMPOS
were summarized areund the end of March,
1923, The dezign work of this stage was
dopee by a team of less than ten ICOT mem-
bers.

Aloost in parallel with this work,
the design of the zvstem description lap-
guage, ES5P, had begun considering the
specifications of KLO and also requirements
impoesed by SIMPOS's design philosophy.
Ope of the ioteresting puints of discus-
sion was how to introduce modularization
functions in ESP so that S5IMPOS could
be smoothly programmed and debugged,
After a series of discussions, a class system
with a multiple inheritance mechanism was
adopted as the ES["s modularization mech-
anism. The ESP specification {first draft)
were made in July, 18983,

From April, 1883, all the ICOT mem-
bers related to the SIM  project were
gathered o oue section of the ICOT research
center so thal the activities from software
to hardware could be more smaoothly coor-
dinated.

Frem June, 1983, the BIMPOS devel-
optment team was expanded to be about
20 peaple including 7 ICOT members and
detailed design was started. New members
coming from manufaciurers needed to learn
mary new things, nawely, logic program-
ming, object-oriented programming, KLO,
ESF and =o forth, They were somewlat dis-
oriented at first but were able t¢ understand
the rmaterial alter o few months.

They were divided inte several small
groups for the purpose of starting the
detailed design of all the subsystoms of

SIMPOS, As the first versions ef the FSP
compiler and simulator were made on the
DEC 2000 as a cross system in August
apd they were available to actually write
small sample prosrams in ESP. The work
in the detailed design was to actually define
class modules apd determine the inter-
fare specifications required to implement
each subsystems. The detail specifications
af SIMPOS {first drafl) were summarized
arcvnd the end of Novermber, 1083,

2.2 P'roduction of 5IM

2.2.1 Produociion of PSI and LAN

The production of the FSI1 hardware
syslem was partizily started aronnd May,
1983 along with the detailed design of such
paris as memory system and I/O bus in-
terfaze. ‘o enhance maintzinability, HAS
funciions were added to make treuble thaat-
ing easier. The detailed :pecifications of
the hardware system were completed around
the end of June, 1983 and actual produc-
tion staried. Alier thiz, mincr modifications
and upprovements were repested and finally
a first PS5l hardware system including 1/0
devices was Lrought to 1COT just belore
Christmasz, 1983,

Az opne of Lthe development support tools
for P81, a minicomputer, PDP11/23 was in-
troduced as s development support system
and was conpected io the DEC 2080 wia
DECnet. This minicomputer was named
SV (PEI's superviznr processor) and was in-
tended to be used for bardware and firmware
debugging. v wasz |ater uzed [or debugging
the kernel parts of SIMPOS, for example, an
IPL {initial program loading) program.

2.3.2 Firmware Development of T'S1

The f{irst ¥ery impertant task in the
frmware development was to develop an
easy-Lo-use micro assembler and a powerfu!
micro simulator Lo write and debug micro-



programs. It was requested that the micro
astembler could permit high-level lanpuage-
like expression and detect coding errors as
precisely as possible.

It was determined that a geperal pur-
pose micre assembler should be written
in Prolog.  General purpose micro as-
semblers usually lack precise error detec-
tion mechanisms becausc of their inability to
defining the details of constraints unique to
a specific miero architecture. However, for
our assembler, Prolog interpretier could be
regarced as the kernel part of the assembler
processor. Thus the architecture definition
could be written just like a Prolog program.
Then the constrainte could be specified very
precizely. Thus, the result is an assembly
languare of high readability with precize er-
ror detection capability.

For a micro simulater, the main require-
ments were a powerful debugging ability snd
also 2n easy-to-use human interface. The
basic philosophy of the design was that the
simulator’s debugging environment should
be more efficient and comf{ortable thano that
of the real machine with the S5VF. Our sim-
ulator was writlen in PASCAL using about
€000 lines. Its first version became available
on the DEC 2080 at the end of June, 1983,

The detailed design and production of
frmware for the PS5l pamely, a micro-
interpreter of KLU, were carried out in
parallel.

As KLO included more than 100 built-
in predicates, some simple built-ia predi-
cates were quickly desigped and program-
med, however, the kernel parts of the micro-
interpreter, such a: a basic control module
and unification module, required a looger
design time. The specifications of the P51
firmware {first draft) were completed at the
end of August 1983

The coding and debugging of micro-
programs were almost done on the DEC

2060 wsing the micro assembler and sim-
ulator which were improved several times
and had beceme very comflortable and reli-
able tools. The first gmall subset of the
wicroprograms had been debugped on the
cross system, pnamely the DEC 2060, at the
end of November, 1982 and given to the
bardware people of the manulacturer for
testing the hardware eystem of P51 Moest
part of the microprograms, except for some
micropregrams to control process switzhing,
memory control, garbage collection and so
on, had been debugged on the cross system
befere the end of February, 1084,

Atong with the firmware development,
a PS5l hardware monitoring program of
the SVP, which is an firmware debugging
aids on SVP, had been made around the
end of January, 1984. Thus, the firmware
debugging using the real machine started in
February and first subset of microprograms
for SIMPOS debugping was coempleted al
the end of the month. This enabled the op-
erating system people to start debugging of
the IPL program.

Almaost all the microprograms reguired
for SIMPOS development had been com-
pieted around the end of March, 1984, The
total pumber of microprogram steps wWas
about 12K, The firmware development team
consizsted of 12 people at its peak and in-
cluded 3 ICOT member:. However, some
of them were converted fram the hardware
dezign team,

2.3.3 Production of cxtended hardware sys-
tem

The production of the high-speed
proceszor was partially started before May,
1684 and currently is still in progress. The
firmware development of this processor was
etarted in March, 1984, The hardware
production is scheduled to be completed by
the end of 1954



In the development of thir proces-
sor, a VAN11/TED and a VANXI1/730 have
teen used for the development of hardware,
firmware and sciiware svstems. Many de-
velopment support systems have heen devel-
oped. This processor is earrently connected
to the VAXLL/T50 as ils supervisor proces-
sor.  lHardware and firmware development
support systems were mainly written in C-
language and built on the VANX1I/TED =vs-
tem. Software development support systems
are also being buill on this system.

The development of this processor is
scheduled to be completed in March, 1985
and it is expected that the evaluation of its
new features both in firmware and hardware
will preduce many new methods to speed the
execution of logic programming languages.

2.2.4 Production of Sofiware System

Production of SIMFOS began with
sample coding of important modules around
November, 1883 and was accelerated by
the compietion of the detzited zpecifications.
The specifications of ESP and also the eross
software development system on the DEC
2060 had been improved zeveral times ac-

cording to the requirements for handling

fareer elass modules and for enhancing per-
formance,

Around the end of 1983, the design and
coding of the IPL pregram were started fol-
lowed by Hpalization of the specifications of
hardware, firmware and the kernel cperat-
ing system of SIMPPGS. The IPL program
included many modules of the Lernel op-
eratizg system and also run-time suppert
roulines of ESP. Mozt parts needed to be
debupged on the actual I'S5I firmware and
hardware systems, Thus, it was not so large
but was a complex system, and its debug-
ging was completed at the end of April 1984,

After this, using six PSI machines an-
the crozs system on the DEC 2060, the

preduction of SIMPOS proceeded somewhat
smooihly and the window subsystem be-
came operational in July. Az it was the mest
complex subsvstem in the keroel operating
system, realization of the goal wasz in sight.

This system was very impressive and it
was found that the window system could be
used as a kind of test program to measure
the system's total perfermance. At ihe
beginning of July, the respopse time of the
window system was quite siow because some
buiit-in predicates were not implemented in
firmware, thus supported by soltware, and
mapy modules in the kernel operating svs-
temn were pot desipmed to attaln the best
performance.

This result seemed to be natural be-
cause the most attention had been paid o
building SIMPOS safely in a short period
with inexperieoced people. Thus, we tried
to investizate the possibility of improvement
and actually improved some modules of the
firmware aad the kerpel opersting system
in parailel with the production of software
modules of the programming system.

By the modifieation of the kernel oper-
ating system and the addition of firmware
supports, for example, a clause indexing
suppert, the respoose time could be im-
proved greally encugh to be a usable tool.
Threugh thiz investigation and improve-
ment, it was concluded that the KLO should
be extended to ioclude built-in predicates
which support a part of the rup-time sup-
port routines of ESF, namely, routines to
support a method eall and elot access.
Currently we are making this extension and
it i3 expected thal mere improvement will
be attained.

SIMPOS is still under development.
The SIMPOS development team currently
consists of more than 40 members including
£ 1COT members. It is difficult to tell the
gize of SIMPOS, however, the total size is



approaching 90K ESF lines.

3 MAIN COMPONENTS OF SIM
3.1 Basie Hardware System

As the details of PSI's firmware and
hardware systems are described in other
papers, the main features of its architec-
ture and hardware system are summarized.
(Taki, et al. 1984) {Yokota, et al. 1984)

3.1.1 PSI Architecture

{1) Tag architecture: All memory cells are
40 bits consisting of an 8 bit tag and 32
bit data fields.

(2} Microprogrammed contrel: Compiled
internal KLOD codes are to be cxecuted
by a microprogrammed interpretar.

{3} Hardware stack mechapism: Main
memory iz divided inte 256 logically
independent areas, each of which can
be used as stack or heap area and a
demand-based page assignment mecha-
nism 1s provided.

(4) Multiple-process support: Up to €3
bardware-supported processes are avail-
able.

{5} I/O bus: A standard IEEE 796 bus is
uged,

{6) LAN: An CEMA/CD type similar to
the Fther-net. Transmizsion speed 13 10
Mbps.

3.1.2 PST Nardware

(1) Execution speed: about 30K LIPS
(Logical Inference Per Second)

(2) Microprogram store: 64 bits x 1EBK
words

3} Machine cycle time: 200 nano second

{4) Mewory capacity: 40 bits x 16M words,
using 256K bit chips

{5} Cache memory: 40 bitz x4K words x 2
(&) Device technelogy: Maiply TTL for

CPU and NMOS for mmain memaory

3.2 Extended Dardware System

The extended hardware system is still
under development. The main Teatures are
described.

3.2.1 Hizh-speed Processor Module

{1) Machine language: Based on a stack
pricoted insiruction set, the level of
which 15 lower than the one of PSL
{Tick, et al 1524 [t will include
more than 170 buili-in predicates. It iz
designed to be able to support KLO and
ESI.

{2} Interpretation mechanism: Based on
structure copying and uses three stacks,

(3} Tag architecture: All memory cells are
28 bits copsisting of an 4 bit tag and 32
bit data felds or an T hit tag and 29 bit
data fslds,

{4) Microprogram contrel: The wachine
language is interpreted by a miecro-
programmed interpreter.

(5) Memory management: Main memory
is divided into 8 logically independent
areas, each of which can be vzed as stack
ar heap area, and a demand-base page
assiznment mechanism will be provided.

{(6) 1/O: Designed to be connected to FPSI
¥ia lts sUpervisor processor,

(1) Execution speed: about 200K LIPS

(8) Microprogram store: 80 bits x 11K
words

() Machine cycle time: 100 nano sec.

(10) Memory Capacity: 36 bits x 64M words

{11) Cache memeory: 36 bits x 8K wards

{12) Device technology: Mainly CML for
CPU and NMOSE for main memory.

The design of this processor siill in-
cludes many research items to be studied.
Thus, some of these features may pozsibly
be modified because of the experimental na-



ture of this processor, however, it 13 expected
that it will attain more than 200K LIPS,

3.2.2 Specialized 1/O equipment

To provide a facility for hendiing pic-
tures a specialized work station for picture
input and euipul is being developed. This
work station includes a high resolution coler
display and a color printer for picture output
and also a TV camera and 3 FAX for pie-
ture ipput. It iz controlled by micro proces-
sors apd supports graphic functions using a
specialized chips. The work station will be
connected to PSIs 1/0 bus and can be uzed
{or experiments using pictures.

1.3 Software System

The details of SIMPOS and its system
deseription language, ESP, are described in
other papers. [Chikayama, 1984) (Yokai, et
al. 1984) SIMPOS i still under develop-
ment, Thus, a profile of SIMPOS is given.

{1) A persomal operating system with multi-
process support.

(2) Its module structure iz bazed on the ob-
jest oricnted comcept.

(3) Man-machine commupications are made
through the window subsystem which
ineludes input and output of Japanese
character. Thus, in the SIMPOS world,
all characlers are cxpressed in 16 bits.

(4) The netwerk subsystem enables a user
to access remole resources such as
remote processes and fles.

(5) lts programming system includes a
library module including an ESP com-
piler and linker, an interpreter and
debugger, a structured editor, and so
forth.

Al the SIMPOS seftware modules are
written in ESP. ESP will become a standard
lanzuage not coly for system programmers
but alse for SIMPOS users,

4 FUTURE FLAN
4.1 Improvement of SIM

The most important goal cf the SIM
preject is to produce a usable Lool providing
researchers in the FGCS project with a logic
programming environment.

Although some parts of the SIM project
are still in progress, this goal will frst
be attained by the basie hardware sys-
tem, namely, P51 and ICOT-Net | and the
software system SIMPOS. These sysiems
will be released to the researchers in the
intermediate stage. However, even these
systems will require modifications apd ex-
tensions, e.g, extensions of wtility sefiware
packages, addition of /O devices.

The extended hardware system will alse
needs many modifications and extensions so
that it ean be stable and reliable as much as
the basie hardware system. Thus, the elforts
to improve STM system will continue in the
intermediate stage.

4.7 Paraliel Software Development Support

As the most important research prob-
lem in the iplermediate siapge is the de
velopment of parallel precessing systems.
Currently, a parallel logic programming lan-
cuage cailed KL1 is being designed in ICOT.
To implement an experimental language
processor and simulator for the KLL, a
paralle]l hardware system which is stable and
casy-to-use will be needed.

Therefore, 2 small scale multi-processor
system is planned to be developed using the
P51 This system will be consisted of several
tightly coupled PSls, each of wiich sup-
ports the KL1 by extending its frmware.
Asx tine PSIis a sequential machine, a part
of KL1 programs will be sequentially ex-
ecuted, however, some other parts can be
executed in parallel, It is expected that this
svstem will be efective to study a method



tn divide a program into parallel proces-
sable modules, and to estimate communica-
tion cost between parallel processes, and so
forth.

5 CONCLUSION

The SIM project is still in progress,
however, its gozl is now in sight. The basic
hardware system, pamely PSI and ICOT-
Net, and the sofiware system, SIMPOS, will
be avallable =s o usable tool, although they
will need various improvements.

Tlis prajeet has already produced
many [ruitful results. One of the resulls is
the one related to the KLO. Tts base has
bean chapged from DEC-10 Frelog to ESF.
Neew, ESP i the standard languzge of the
FGCS project. Thus, the specifications of
the KLO are extended to support both logic
programming and object-oriented program-
ming concepis.

Mext result is that this project has
answered to such a question like "Ts it pos-
sible to write an operating system in Proleg
1. Although the object-oriented concept
is added Lo the logie programming concept,
TSP is proved to be very effective in writing
the operating system.

Furthermore, for a performancs prob-
lem, this projest has proved that ESP like
languages will provide arckhitestual rescarch-
ors wilh wore room to introduvee uew mecha-
nisms to speed the execution. This research
effort is directly related to jmyprovement of
software productivity and reliability.

These research results will surely en-
courage Tuture A&D of the FGCE project.

ACKNOWLEDGMENTS

The SIM project is carried out in very
tight cooperation betwern JCOT aopd five
manufacturers. The authers express ti
gratitude to all the researcher: 2ol engineers

who join in this project. Furihermore,
they express their thanks to Dr. DH.D.
Warren who establizhed the base of Prolog
implementation and gave us many advices.
They alsa thank to many Japanese and for-
eign rezearchers for their fruitful advices and
comizents,

REFERENCES

Taki, K., et al, Hardware design and im-
plementation of the perzonal sequential 1p-
ference machine (PS1), Proe. of FGCS "84,
Tokyo, Nov. 1984

Yokota, M., et al, A microprogrammed
interpreter for the personal sequential in-
ferenee machine , Proc. of FGCS "84, Tokyo,
MNov. 1954

Chikayama, T., Unigue features of ESF,
Froe, of FGOS B4, Tokye, Nov, 1084

Yokoi, T. et al, Seguential inference
machine: SIM Itz programming and operal-
ing system, Proz. of FGCE "84, Tokyo, Nov.
1984

Bowen, D. L., et al, DECsystem-10
PROLOG User's Manual, Department of
Artificial Iutelligence, Univ. of Edinburgh,
1983

Warren, D. H. D, Implementing Prelog-
Compiling Predicate Logic Program, Vel
1-2, DAL Hesearch Report, No.39-40,
Department of Artificial Intelligence, Univ.
of Ediuburgh, 1877

Tick, E. and Warren, D. H. D., Towards
a pipelined Prolog Processor, Proc. of lot.
Sympo. on Logic Pregramming, Atlantic,
Feb. 1984

Van Caneghem, M., Froleg 11 Manuai
D'Utilisation Groupe Intelligence Artifici-
gile, Froulté des Science des Lumming,
Marseil;~, 1982



