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. Introduction

In the framework ot the fifth generation computer project,
the development of software and hardwares tools are planned. Ore
of the most important tools is the seguential inference machine 4
SIM 2. Sl 18 cons.idered as a4 persanal computer and several S5[Ms
are planned to be developed i:n the initial stage of the project.

Since SIM is planned to be used for software resedrch such as
a naturadi] language understanding system and an expert swstem, 1t
1% desirable that SIM can run very fast and process large
grograms. Far this kKind af pUTDOSES, super personal machine
should be approprigte. On the other hand, interacti:ve use af a
computer i s aoften important i the development of wvarious
experimantal programs. Far this- purpose, a me o ium performance
machi ne, which ig relatively cheap and can be copied to share it
by a frw users, 18 mMoOre dppropridate.

in the course of the dewvelopment, twe types aef SIM are
planned. One of them is the personal seguential inference machineg
which is called "PSI"® or “sIM=-PT, Another ane 18 the super
personal mode! of SIM which is called "Super FPEI" or "SIM-C".

P5I 18 designed to be & medium performance personal machine
which supporis the logic programming language KLB which 15 also
called the version B af FGKL (Fifth Generation Kernel Language ).
And PSI is designed +to attain about 2ZE-IB K-LIFS <(Logical
Inference Per Secend 2. On the aother hand, Super PS5 will be
designed to be a high performance machine which is planned to

attain 188K-1M LIPS,

Inm thisg document, functional gspeEsification oFf the machine

architectures { PS] or S[M=F arcghitecture } iz described. As this
document iz 4 tentative report of the machine design., the content
will he changed inm the course of detail design and implementatiaon

Progcesses.,

2. Main Design Characteristics

rt

s PSS! is considered a5 a4 main cemputing tocl in the las

part o F the initial stage and reguested to complete its
experimental hardware in early summer in 1983, ma:in effort is5 T0O
be made for designing its processing unit and memory umnit. Some

functions such as a wvirtual memeory system are now considered as

future sxtensions.
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Functional design of PS] was begun in September 1982 and its
design characteristics are summer;zed as follows.

2.1 Regquirements for Functional Design

~An efficient research tool! to promote software and hardware
resgarch by groviding researchers with A& good pragramming
environment,

A prototype of a4 persconal computer to be used in the this
praoject.

=Efficient support of logic pragramming languages By hardware
and Ffirmuwares.

-Suppart of sophisticated man—machines communications by
providing such devices as a bi:t-map display, a pointing device,
and Japanese character input and output devices.

“Connection with other machines wia local area network tao farm
a distributed computer systsm.

2.2 Main features of PS] architecture

=Firmware implementation of KL@ :ntEerareter and kerne |
functions of operating system.

-Partial architectural support af pToOCEesg switching to
implemsnt a Eingle—us:r mult:i-process System.

=Three machine modes; IHﬂrnc} { supraGC), Supervisor and User
modes.

~Employment of the tag architecturs and microprogram control.

-Partial hardware support of important functions for KL@
interpretation wuc h a5 umification and resalution by special
hardware registerse and stack manipulation mechanisme.

~Employmant of a8 cache to improve memaory eccemss speed.

- logical ta physical address translation mec hanism to
implement multiple virtual stacks im main memory.

“Hardware and fairmware support of interrupt handling and mode
T e Y Ak Faorr = F i o m pesmfprEal afF wESricus fwmpnr meA apTsee

dewrices.

~Employment of a standard bus ¢ [EEE-7P4 bus., o MULTIBUSE J
for peripheral devices.

~Local area network support by ETHER-NETEZEX,
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~Fase of extention for functional units such 48 a arithmetic
unit including floating poinAt cperations, maifn  momOory,

peripheral 4devices and so foarth.

=Such functionrs as & virtual memory system Aand a suppaort o¥f
concurrent prolog ars considered as future exTensione.

-Special hardware and firmware support far coliecting such
statistical data of program's hehavior as average number of
variables appeared in ane unification, mean time for one
recsolution and unsification (it should b2 neEce=ssary To indicate
the processaing spesd hy our rfew uUnit: LIPEZ2 sTatistics of
meEmaruy usage, cackhe miss—hit ratio, and leocality of address

pattern.

Noter
& MULTIGUS is the TH aof [Intel corp.

¥ ETHER-HWNET is the TM of Kerox coarp.

J. Ferformance goal and machine organazatazon

J.1 Performance goal

PSSl i planned as a medium performance persondl machine,

howewvwer, it must fulfil the regquirement for computing powerT and
memory capacity to run small te medium scale programs. To
determine perfarmancs goal of machines, statistaical data on the

behavior of programs are necessary, however, we have very few data
on logic programming languages.

Only data we knew i 5 that Prolaog programs regu::res much
meEmory space especially in their debugging phass because they
usually run wusing the interpreter. Howeswer, if they are once
compiled, the NECESSATrY mMemary Space 15 SATUNKE very much. It is

not likely that the memory becomes full by program codes.
Therefore, some appropriate maximum capac:ty, say MY, may exist

for debugging phase.

For camputing sSpeed, the madximum can be determined by
hardware architecture and component technology rather than tThe
requirement for program’'s execution speecd as far as rrperimental
programs are concerned.

Roughly speaking, we estimated that the first experimental
mode ] af PSI should attain more tham 18 KLIFS in coamputing speed

and have more than 1MW for main memory.
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For the experiments of :ntelligent man—-machine interface dand
interactive use of the machine, it is reguired that such devices
a5 a bit-map display and & pointing device can smoothly be
controlled by KLE programs.

Adding to these conditiaons, short development period was
cong:dered TS determine the performance goal of PSI. As the
current regult of functional design process, performance goal and
main hardwars features are determined as follows.

The machine is designed to atrain Z8-3I@ KLIFS and will bhe
implemented by TTL ICs. It employs the tayg architecture and gach
data gell in main memory consists of § bit tag and 32 bit data
fields. Logical address is specified by 32 bhits. Logical address
space 5 divided into 256 areas by A bits. Each area can be used
&% independent stack or heap area. Max:imum s:xe of The area ig 14
My ¢ 24 Lits ).

As the first interpreter of KL& is degigned to use four
stacks. namely a control stack, a local stack, a glohal stack and
4 trail stack, edach process is to use four areas for the stacks.
Faor the codes of KL programs, it is designed to be able to share
them and thus one area may be commonly used by all the processes.
Then, the maximum number of processes supported by the firmware isg
&4, however, it may be extended by software support made by The
ap=rating SuUstem.

The KL8 Jlanguage includes saveral primataives ta handle

interrupts, excepltions, process creatian, deletian ane
Eynocronizaton. Fartial hardware and firmwares supports are
provided to implement these praimitives efficaently. These

supports are expected te be useful for implementing a concurrent
erolag interpreter a2 well as the control of fast man=-machine
interactions.

J.2 Machine organization

Generally spraking, PS5[ consiasts of three hardware modules,

nameld y, - processor madwle, a meEmory maodule and an inmput and
output interface module. These modules are now considered for the
first expsrimantal mode ] of PSI. Thus, the processor module

includes some redundant circu:its 4s room to accept new ideas in
firmware and software implementations. Extengsion of the modules
dre especially considered in this model.
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1) Processor module

The processor emplouys microprogram contral. Its maicro cucle
is designed less than Z@@ ns and :1ts micro instruction is &4 bit
wide. Its microprogram is uWsually srored in RAM ¢ 15 KW Max. ]
but it has a smal l ROM to store a bootstrap program and cther
small controel programs. Frar the first experimental mode i, a
general purpase microcomputer is attached as a service processor
for hardware debugging and collectiaon of various performance data
af the machine.

The data path tncludes several registers, husses and
functional units. It ig designed for 37 bit data. Somes register
files are 48 bit wide to store 8 bit tag field and 32 bit data.
Some register is specialized to efficiently handle stack frames in
the process of resolution. This register i3z dseful for the call
of a new clause. It alse includes a 4 KW scratchpad file To keep
process descriptaers fer fast proccss switching.

Faor arithmetic and logic operations. a fast J2 bit adder
unit, a mask and shift unit and a multiply arnd divide uni?t are
provided. A Ffloating arithmetic upit 15 considered as one of the
gptignal UMits. An interfdace Tto a fast data bug ¢ FZ2 bit widse 2
mdly be attached &8 one of the gptional units.

2} Memory module

Memory modu e af PSI includes a cache and a
logical-to-physical address translation mechanism. The cache has
two 48 bit-4 KW buffers and enables us to access a data i the
main  memary esvery two micro cycles. The address translation

mechanism employs two lewvel mapping method and 18 deg:gned to
efficiently implement stacks inm main memiry. This mechanigm
observes Tthe sSTtdck top and issues interrupt when the stack top i%
extended pyrer the allocated limit of memory cells.

The main memory can be cxtended upteo 146 M, howswer, it is
expected that it usually has 1=2 M. The memory is divided into 1
Kl pages and dccessed through two address mapping tables.

J) Input and outpurt .nterface module

figm the control of various input and output devices is ans  of
the dimportant task of PSI, two exterﬂal busses are prouvided. One
is a standard bus ¢ IEEE-79& bus or MULTIBUSY 3 and another ig A
high speesd bus. Furthermore, a special bus inter face for a
sPrvice praocesasor ¢ for Lhe experimental model, it is LSI-T1 2 i
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provided.

The standard bus is used to connect such usual devices a8 a
magnetic disk, a pointing device, a floppy disk, and an ETHER-MNet
inter face, A memory module is also attached to this bus for
buffering input and osutput data. F5I micraprogram directly
cantraol the input and output data transfer and thus no DMa
transfer bLetween PSI main memory and the standard bus devices s
provided.

The high speed bus has a J2 bit data path and is8 used for
fast data transfer which is controlled by the microprogram. The
bit-map digplay 13 an examnle of the devices to be artached ta
this bus.

J.3 PSI and a lecal areca network

F5i is designed as an independent personal machine which
grovide its UEETS with a power fu] and versatile computing
facility, however, it gives the uscrs a mare productive
snvironment by being connected to a local area network,

PEl has an ETHER-Net interface and its operating system 4ig

pilanned to support distributed processing. FSI will have the
capability of communicating with other machines such as other
FSls, super=-F,Slg { ar sIm=C2, relational database machines,

LISP-machines.

4, Conclusian

P51 is now under the funcrtional design process. however, we
have airsady found several interesting rescarch subjects
concerning to interpretation methods, caoncurrent processing.
memory management and garbage collection, interrupt and exception
handling, implementation of virtual memory, and so forth.

Making full use of the flexibility of PS] firmware and
harduware, it is expscted that PS] will be a workbench of many new
ideas on software and harduare research.
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