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Ahstroal

The Japan's Fifth Generaton Computer Systemn pro)=et 1s divided imio
three stages. In the first ehfee-year slage. 2 working relational data base
machine i1 developed fur a software developmenl support SvEtem 10 he
wsed in the second snpe and alio for an eapenmental system which
prevides o research tool for the knowiedee bass rmaching.

The paper brefly deseribes the concepls and architestere ef the

wonal dats bawe machane named “Delra™ which 45 currenlly ander
develapment at LCOT.

1. Introduction'!]

The Fifth Generation Compuier System is expected to realize the
knowhedpe information processing systems which provide 3 very kugh level
and fiexible man-maching interface, based on huge volumes of knewledge
dala.

The fenctlisns of the Fifth Genesanon Comgute: System are classifisd
as follows,

{1} Brahlzm-solving and inference.
(3} Knpowledge -base management,
(3} Inelligent man-machine interface.

I is one of the mast imporians research subjects 1o develup & nowl
edpe base machine which stores and manages 3 large amount of knowiedgs
data with high performance.

In the Fifth Generation Computs: System. the knawledge-base
machine js expested;

o hold a large amount of knowledge data which are siruciueed well
for aceesuns each knowledpe ieem effectively,

(2% 1o geareh gnd rerrieve knowledes fems effectively and hand them 1o
trie Inferense maghing which roguires them,
{3) 1o compile and integrate knowledge daia, wiich are sent from the

infesence machine, o the knowieogs base.

At ICOT, the knowledge base machine is developed i thies siBEes.
In the furst stage, 8 data base machine is developed based on a conveniisnal
{von Meumann] multiprocesior architectiure with certain enbancements
by specialized hardwares. Next, the knowledge base machine is developed
based on & highly parallel (non ¥on Meumann) machue architeciure,
Finally, in the third stape, the knowiedps base mashine isinieprated with
the parallel nference machine mio the ICOT's proiotype of ‘e Filth
Generation Computer Syitem.
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As shown in Fig. 1, the dacz base machine, pamed "Deita”, deveioped
in tie first aiage is copnecied with muliple sequential inference mazhines
(5IMs] via a local atea asvwork (LAM)and a shared comnon memory on a
multibus. Delta plavs the role of an extermal data baws machine for each
weeuential snference machine. Relational migdel was chosen as the data
base model for Delta hecause of its affinity to lope programemung languases
such s Prolog and 100 T s Fifth Generation Kernel Language, that 15 31M's
machine language. Deita provides a high level command set based on
reiational zigebra such as umen, inlersestion, projection and join.

The mawn objectives of developing Delta are,

to farm & sofiware develOpMENT SUPPOIL S¥s1EM 10 he ysed in the mid-
die sesearch and development stage of the filth peperation compuier
TVELAM,

to eoliect expesimentat data for cvaluation on the interface berwesn
the sequontial inference machune and the relational daia bass machine,
lo provide a research tesh for integration of knowledge base and
inference mechanisms mie the knowledpe base machine,

[} 1o provids = rescarch ool for g distribures relationgl data base syseem.
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Fig. 1. Safrware Development Supnort System

1. Architectum: Overview!
The basic Delia’s conceprt are.,

i1 High-level intecface based on relztion:] rgebra applicable
1o logic programmung classes of [anguages
fi1 EfMicien: guery procesung capability by wse of dedicated relational
dals Duse operation engane hardwares
) larpe Capacny hierarchicul sructured MEMOrY.

Pelta 1z a fencusnably distribused multiprocessar system which 12



composcd of three main subsystems as shown in Fig. 2.

{11 Control Processor (CF)
(2} Relatenal Data Base Enpine (RDBE)
{3) Hieraschizal Memory (HM).

Other subsystems provided o [oem Dielta are.

Interface Processor, o froni-nd processor which inteefaces Deltaton
LAN envurgrument.

Wainienance Processor, 3 SUPSrVISOTY procesal which monitors ather
sulrsyilems.

(3} Multibus Interface, 2 general-purpost Bus
Dielts znother interface besides LAN.
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Fig. 2. Block Diagram of Delta

3.1 Cantral Processor (CT)

The main role of Control Processor is peneral control of the whole
ROl CF receives o command-tree compesed of a series of RODBM com-
mands structured to a logeal tree which represents a DU tranzaction, then
translates a command-tree into 3 121 of internal suncommands 10 aclivate
ROBE and HM_ which sclually perfarms guery processing. CF's ather
important tale i3 to provide a mutluser enwzonment [or intesactive
use wia LAN. Thiz transaction eoncurrency is one of the most complex
funciions among levels of safltware in CI* to implement a working Lata
Base Machine.

CP's soltware iz divided into two levels of hierarchical struciure: DB
Manapement bevel and Unit-Command Proeess level.

This DB Management level is surubar to that of an existent DEMS
with whics the multi-user ssrvice along with DEMS manipeiating facdities
should be provided,

The CP'2 Unit-Command Process softwars contrals hardware resources
1o complete a command in the RDEM command set whech o3 detezmuned
insonformiry 1o relanonal alpebra.

1.1 RDE Engine (RDBE)

An RDDE j3 3 pisee of dedicgred hardware for exccuting ROBM
commands 1 the lowest level. RDDE has its own enmmand set associated
with the RDDM command se1,

3

The RDBEFE command set not only maiches the higher-level one, but
alto has efficient processing ulgorithm done at the hardware level.

RONE & tightly connected to WM in the sense that a data skream
path is provided belween HDOBE and HM to fow data steem s hath
directions, When a guery is translated in CI" and RDEE receives a com-
mand Trom CP, it waits for acrival of data stream from HM, which also
seesived 3 command specifying a particular data streaming inme ROBE.
Receiving the first daia from HM, RDBE stans the operations on the
Asia stream to compiete most of the command processing oreclapped
with dala transfer. The basic RDBE command processing mechanitm iz
the sorting as the preprocessing and the merging for command executing.
Thie input data stpeam s fitst sorted wing pipeline merge-sorsing algorithm, |
A sorted stream o8 then sent 10 a Relationa Operation Unit (ROLT) whete a
refatinnnl alpsbradice command is executed on @ soried data stream,
The basie processing scheme in ROU s merging of companny an wnput
siream against another data stream siored in bazkirazeable first-in-firs-out
{FIFO) memory and then controliing the resulling output. Heawvy re-
lational algebra operations such as join and projection can be efficient]v
processed il the relation or altrbute i sorted by Lis values.

1.3  Hierarchical Memory (HM)

Hierarchiza! Memory subsystem is to siore the actual database. Ta
provide fasi access.time and large storage space, Dhelia has 3 memory
system with two layers of different-paturad memory dewees, incoOrporating
mechanisis to stage and destags bunches of data.

The lowest level siorage devices are moving-head magnetc disks,
which are still cansidered to be the most appropriate devices for storing a
good amount of data at moderais cost. In setual darabase guery manipu-
latign, the access speed of @ moving-head dusk is too unsatisfactory if every
temporary result goes 1o tie disk and it needs fime-consuming disk acui-
vation every Lme 1o access the temporary resull. A large semisendustor
disk comprised of random accest memory filis this gap. This semicondas:
1o¢ disk warks 35 both cache and buffer, in the sense thal transparent daa
management i3 ¢armied out in caghe part and programmabis conirol can be
accommodated in a buffer parl, therchy OPUMITIng EFEater sysiem per
formance. The control mechanism for cache and bulfer i sell-coniained
in HM. Other subsysierns only need io speeify HM minmum amaunt af
infarmatian or parameter o utilize this facilicy.

To design a dalahsse machine, it i of great imporiance (o defing an
internal schema, or how relations are siored in memory, besause it greatly
influences svatem performance and fexibilty.

We have chosen the grisibure-bassd schema because Dt suited fon our
ROBE hardware in whish an sticibute of relation s processed on-the.
flv to give fust RDB query mampulation, The problem asuciated with
this tehema is tupie feconsiruction, wiich is another imporean Hd
functign. Tupie reconstruenion, that is Lo make up 3 tuple by gathenng
the corresponding attribuls values by thetr tuple-identifier as 2 key, is
needed in the lazer phase of gusry processng. This problem is salved by
the two-level slestening, which it wsed 1o reduce the amouns af data 1o
be reconstructed. The idea i that in the fiesglevel, the elanon it pri-
marilv clustzred by the atiribuie valucs, then the primary ciusiers are
diviced secondarily by the tuple-identifier values 1o furm secondary
clusters which correspond oo the access unils of sloTage.

1.4 Other Subsystemt

lterface Processor [IF) iz responsible [or interfacing between LAN
and Delta. It has faeilities for handiing 1he levels of network protocols,
which make it ezsy Tor Delta to communicate with the ather nodes [SIM's)
connected to LAN 11 also has a port 1o HM, this grort acts 3t the main
data path to SiM's. Omnce the resuiting telation i3 calzutated and siored
in HM. CD delepates the [P to transler it 1o the SIM wia LAM which hat
made the query and requiring the resdlt.

The Roles of Manignance Pracessor (MI') are 1o moniles and main-
tain other components and to collect (he evaluation dsul. e Dol
is an expepmental vchicie fo investigate variows chafactensiics in asiual



gpesation, statistical data such as resource contention, cache wsage, and
query processing rate are needed for future improvenent,

Multibus Interface (MBI 15 a subgystem connected oo Enteriace
Processos. The function that this inserface prawdes is o open a general:
purpose interface 1o the cutsids environment. One thing 1o note is the
shared common memory m s aniecface which could be wsed to ex-
periment the effectiveness of faster and closer interlzce with SIM's.

4, Toward Knowledge Rase Machine 12114

Now in the first stage of reseazch on the Gith penerstion compuier
eysterne, the relational daa base machine Delta as the first verwon of a
knowledps base machine, and the sequential inference machine as hat
of an inference mackhine are sepatalely bheing developed as independem

hardwire modubes.
Becauss Delta can be cannected to S1Ms vin LAN and a shared com-

mon mermnory on @ malts bus, it will be vied to form an experimentsl

svitem which prowides a ressarch tonl for whe followog investigation

revward the knowiedge base machane, _

71} A reszarch on haw to imterface bevween logic programmung lar-
guapes and selational data bases.through an eviluation of the com-
piled approach implemented on the software development support

. system. -

{3) A research on the hardware mechanisms to support facilities of
knowledge representation, acquisition ond reconstruction in the
course of implementation of knowledge repressntation languages
and cxpert systems,

(3} A research on how woimplement distnbuted relavonal data base:
and protoodls to handle them

i4) A ressarch on how to integiate some elementary reference macha-
nisms {e.g., variable bindings) inte a relationsl data base machine.

£, Conclusion

This paper describes the concepis and the architeeiure of the (00Ts
relational datn base mackune, which will be implemented by the end of
19£5 a8 the first step toward the knowledge base machune,
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