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a. BACKGROUND

&

Japan's Fifth GBeneration Cemputer System (FGCS!) project
is scheduled to bBe a ten—yecar=long dctivity. Knowl =sdge Base
MHachine is one of its expected achiesvements in that research
period. When completed, KBM (Knowledge Base Machime) will
be seen a5 an intelligent Knowledge store, which co-operates
interactively with the inference-based new architecture
computers, to provide users with natural and intelligent

interfaces to the consolidated system.

In our first—-stage thres=year project, the primary
obizct of KBEM (Knowledge Base Machine) GBroup is to provide a
working Relational Database Hachine which serves multipls of
Sequential Inference Machine (5IM) users wvia a local arca
network (LANI. Investigation for the methods to amalgamate
database management system (DEMS) and logic programming
language, represented now by Preolog, is also an important

gubject which we are now greatly interested.
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1. INTRODUCTION

Iin order to naturaliy manipulate knowledge base
information with logie bProgramming languages to form a
knowledge base SYystem,. it is considered necessary to combine

loegic Pregramming langudges with data management systems.

Relational mode! was chosen ag our working database
mode ] for database machine boecause of its affinity ro legic
programming languages such as Prolog and ICOT’'S FGKLC(Fifrh
Generation Kernel Language). In the experimental knowledge
base systems, the databases, or knowledge bases, are not so
large that al] the pragram including the database could be
stored in main mERSFyY, S0 long as applications remain this
small, there would b No needs to positively introduce a
databhasge management system to knowledge base BYystems., Yet
this {c not likely, bhecause in EveEry computer fields, as the
New cConceEpts come §nto reality and become Widely used by a
et of people, the 2iFXe of applications has had the
EVer-growing tendency thar regquirementsg for faster and
larger computer have never hbheen ceased. [=F- number of
applications are going to be implemented in Artificial
Inmtelligence fields, there will arise neecds for a
consolidated data management system which can be shared and
pProvide & non-procedural Uutilities far data handling. This
was the history in the fields of business system computer
applications and will remain true Fimilarly in the naxt
generation computer esra. S50 researches to combine database

BEystems and new cancept languages as. Prolog or FGKL, are
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considered impartant for future computer app l ications. To
begin with, it is considered useful to combine relational
database and logic programming languages because baoth of
them adopts predicate calculus as their basis. Some

researches Are being carried out to naturally combine logic

programming language dnd relaticnel database. e think thart
regearch towards Knowledge Base Hechanism and, sventual ly,
Knowledge Base Machine implementation 15 in the right

direction with the logic programming language and relational
DEM*s as starting points. The aim of this brie¥ paper is to
degscribe the concepts and to give an overview of the ICOT s

Database Machine named "Delta".

Z. ARCHITECTURE OUERUIEW

As described in the first chapter, [COT's RCEM “Delta®
is projected ta be ceompleted to actually serve the

researchers in three yrars, so not only considerations for

the novel RDBM architecture which s extensible and
compatible with future ULSI technologies but also
realizability utilizing the current technologies i8S

important to determine the architecture of the RDBM. Though
the incorporation of future extensibility and paralleclism
applicable to WLSI's should be considered to define & new
architecture, number of trade-offs to implement }t in this
gshart pericd of time be made to fulfill first ob ective. Ir
some part af this architecture seemed to be rather

conservative, this could be the effect of the above

realigtic standpoints. Vet we belicve that Delta could be
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the firsr life=gire working RDABM adopting the proposed

effective RDB manipulating mechanisms.

2.1 RDBM CONWCEPTS

The basic ROBM concepts are :

1} High-leve!l interface based an Relational Algebra
applicable to logie programming class of languages
iid Efficient guery Processing capability by the use of
dedicated relational OB cperation engins hardwares

i1i) large capacity Hierarchical-structured Memory.

The RDBM provides a high—lewvel command or insatruction
=2t based on relational algebra in order to gerve SIM's at a
higher and noen-proceduyral] cancept, therewith it reduces SIM
s0ftware Joads and translatian everheads, The RDBM engine
performs camminds close to the intearface commands af whaole
RDBM. This high-level architecture is aleo useful to reduce
software loads in CP ag is RDBM to 5IM*s. Command execution

mechaniasm ig based on sorting and merging the attributes of

relations transferred on-the-fly from the Hierarchical
Memary Subsystem. RDE engine will have ne  particular
indexing mechanisam. It scans the set of whole transferred

attr:butes and produces results as the attributes flows
through the RDB engine, Both the Contrel Processor and
Hierarchical Memory are responsible for reducing the total
rumber of tuples te be scanned by RDBM engine using a kind
ef indexing and clustering technigue. Hierarchical Memory

pProvides the means of storing bulky database in the RDEM and

1
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actually stores roclations and directory~dictionary

infoarmation, As the name indicates. the subs ystem ig
hierarchically structured, to keep good average access Time

with low ACCERE casts utilizing the sophisticated

Etaging~sdestaging mechanism among =ach hierarchy.

Several functional ly independent subsys tems are
necessary to compose an RDAM. Az shown in fig.1, the RDEM

is composed of Three main subsystems!

i} Coantrol Processor ¢CP}
ii) RDB Eng:ine (RDBE)

111} Hierarchical Memory tHM),
Other subsystems provided to form a working RDBM are:

vil) Interface Processor, a front-end processor which
interfaces Delta to LAN environment and
“! Maintenance Frocessor, a supervisory processaor which

monitars other subsystems.

A brief descriptions of the listed subsystems are giwven

in the following chapters.
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LOCAL AREA NETWORK

INTERFACE
PROCESSOR  ——

CONTROL
PROCESSOR
ROB HIERARCHICAL
ENGINE MEMORY

FIG.1 Delta Block Diagram

2.2 CONTROL PROCESEDR

Control Processor’s main rele is te generally centrol
the whele ROBM. CP receives a command-trees composed of
sEries of RDBM commands structured te a logical tree which
represents @ DB transaction, *hen translates it te a set of
internal subcommands to activate the hardware resgurces,
namely RDB engine and HM, which actuelly performs query

Brocessing., CP's another important rale in te praoavide a

multi-user enviraonment for inTeractive use wia LAM. This
transaction c@ncurrency is, we think, one of the most
comp | ex functions among levels of software in CP T

implement a working Database Machine.

o . : . .. i . . a
et = Sl buo Fy- il gewu 4 Rr o [T ke W s -

hierarchical structure 2% Jisted below.
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i) DB Management lewvel

iil) Unit-Command Process level

The upper D8 Management level is s:milar to an esxicstent
DEms in that muelti-users”’ service along with DBMS
manipulating utilitiss should be provided. The difference
from current DBMS is the interface to the lewer Unit-Command
Process level aof software, which, if implemented in
conventional wvon Meumann type computer, usually accommodates
complax access method handling whers various navigational
strategies are employed. In this RDEM, MACTOBCOpRIC
navigation method is implemented in the CP software whercas
microscopic tuple-level navigation is performed in hardware
gattribute scanning mechanism thereby eliminating the
software <costs and complexity. CP s Unit-Cammand Process
software controls hardware resources to complete a unit DB
operatiaon command in the command set which is determined in
conformity to Relational Algebra. The implementation of CF
can be a dedicated architecture 08BM Ceontrolling FProcessor,
which will be efficient in handling queries and contreolling
rROEM, yet it will ne=d & certain amount of time and effart
to design and build from scratch. 50 it meems practical and

natural to use a conventional mini—-caomputer for our

purposes.

2.3 RDE Engine

RDB Engine (RDBE) is a piece of dedicated hardware for

executing RDB commands at the lowest level. RDBE has its

own command set associated with the RDH command set. As ROB
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cemmand set has followed Relational Algebra and RDBE should
efficiently execute that command set et the data
manipulation level, RDBE command has been determined to
naturally support the higher level RCBM command set.
Furthermore, RDBE command set not only matches higher-level
ane, but also has efficient processing algorithm done at the

hardware level, which wil]l be digecussed later.

RDBE is tightly connected to Hisrarchical Memory CHM)
in the secnse that data stream path is provided between them
te flow data stream in bhoth directions. b by 4 query is
translated in CP and ROBE receives a command fraom CP, {t
waits for arrival ef data stream from HM, which alsa
received a command epecifying a particular data ETroaming
into RDBE. Upan arrival of first data fraom HM, RDBE
operates on  the date stream on-the-fly to complete most of
the command oleriapped with data trang fer. The basic ROBE
command processing mechanism is preprocess sorting and
command executing merging. Input data stream is first
gsorted on-the-fly wusing pipeline merge-sorting algerithm.
Sorted stream is then sent to a Relational Operation Unit
CROU) where Relational Algebra-like command is executed on
sorted date stream. Bamic processing scheme in  ROU is
merging on comparing inpUt stream against another data
stream stored in backtraceable first—in-first-out ¢FIFO) angd
then cantralling the result output. Heavy relational
Caguuld YEriatiuis skch &5 join awd piGrevcawa wuwd Le
efficiently processed if the relation ar attribute im sorted

by its walues. Restriction requires linear order af
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processing time to the cardinality of a relation, still
sorting reduces the constant coefficient of processing time
and provides a waly te execute multiple-conditioned
restriction in one scCdn. Although on-the-flu scanning of
relation is simple and, if properly hardware=supported, fast
i many cases, it would be tao Time—Cconsuming tao Ecan a
whole relation every time. Tae eliminate the number of
tuples im a relation te be scanned by RDE Engine, two=leve !
clustering Eechnigue is employed in the RDBM system. This

clustering technigque i described in a later chapter.

£.4 Hierarchical Memory (HM2

Higrarchical Memory subsystem is the actual darabase
store. Ta provide fast access time and large storage space
18 always the ultimate goal of =very large capacitly sftorage
EYsTEm. Te achiewve this goal, 1t is widely accepted that to
construct a memory system with layers of different-natured
memory dewvices, incorgerating mechanisms te stage and
destage bunch of data. This is a most general approdch to
givre a memory system whose accesa Time is5 closer To the
fastest but expensive dewvices {usually semiconductor Ram s
and cost is tao the cheapest devices. Cagche i 5 now
considered to he the most popular and wviable technigue to
efficiently realize the aforesaid goal. if proper
replacement algorithm ig applied in the cache control part.
Howewer, to manipulate & large capacity memory systeom, cache
alone would not be able to fully support & really efficient

processing., because there doers exist a class of data which
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i5 alwaye needed in the processing. This kind of data
reqgquires E] L T-2 8 predefineg treatment in the context of
global RDBM control. Another reagon why cache aleane could
not optimally manage & memory sustem is that cache sometimes
degrades system performance by replacing a part of logically
associated data cluster, one such example isg
H:Etinnaryfdxrecrury information. In order to eliminats
thiz kind of non-intelligent behavior associated with simple
Cache, same kind of cxplicit upper-jeve] caontrol mechaniam
should be provided in HIM, That is to sau, it seems helpful
to assign buffer space in HM, where cache replacement
algorithm can mnot affect, Of course, there should be an
explicit cantrol mechanism to handle thig, which could be a

cause of overhead unless dppropridtely reconciled.

The lowsrmost storage device will be moving—head
maghnetic disk, which are stil] considered to be the most
dppropriate device far storing a good amount of data with
moderate cogt. In actual] databage query manipulation, the
dCcess Speed of  moving-head dick is apparently too
Unsatisfactory if EVETY tempprary result wi]!l go to disk and
nesds time—consuming digk 'acrivataan crery time the
Temporary result s accessed. Large semiconducter disk
comprisecd of random access memory is considered to Fill this
gap. This semiconducter disk Wworks as bath cache and
buffer, in the sense that transparent data management is
T oAy tyes

4

Crrmmim= sl in CACHE wITY AN mro TInrERls smAaneea

accomodated in buffer part, thereby cptimizresg EYEteEm

FErformance. The contral mechanism for cache and buffer ig
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sel f-contained in HM. Other subsystems have only To spécify
HM mimnimum amount af information or parameter Tto utilizrze

this facility.

Angther important HM function i tuple recognstruction.
As is explained in a later chapter, Delta stores relations
dttribute= or domain=based, Fo0 tuple reconatruction, that is
to Eal, to make uUp & tuple by gathering the corresponding
attribute values by their .ruplr—jdcntjfitr as 4 key, is
needed in the later phase of guery processing. Thig problem
is salved by the two-level clustering. which s used to
reduce the number of attributes to be reconstructed. The
actual recognstruction is carried out in HM such that
attributes te b= recanstructed are stuck wertically in
memory, sorted by their tuple=1i4, and than read aut
horizontally to make & tuple-wise concabenation. Uniess
This function (s provided in HM, the tuple reconstructian

cost would be too high to tolerate.
2.3 INTERFACE PROCESSOR

The Interface Processor is responsihle for inter facing
LAam .aﬂd ROEM. It has facilities for handling levels of
network protocols, which make it easy far ROBM to
communicate the other nodes (SiM's) connected ta LAN. Te do
this, [F has a4 certain amount of buffer memory to interactT
with RDBM and LAN, where packing and unpacking of packets
should be carried out. It also has & port te HM, this part
acts a4 the main data path to network connected SIM =. Once

result relation i8 calculated and stored in HM, CF delegates



Page 12

the IrP ta transfer it to the SIM wvia LAN which made the

query and reguiring the result.
2.6 MAINTENANCE PROCESSOR

Maintenance Processor (MP} plays & similar raole in RDEM
45 the SUupervisory processears provided in todau's large
computer systems. It monitors other sUubsystems and
maintaing them. If nece=ssary, local test procedure is
invoked by MP and it diagnoses a concerned SubsSysTem. There
is another important role which should be done by MP. That
is a set of data collection functions. Since Delta is an
cxperimental vehicles ta inrestigate Various characteristics
in actuasl operation, statistical data such as resource
contention, cachs USage.:, gquery praocessing rates and s on are
needed  for future improvement. Unless data collection
function is considersd in the first design stage, sometimes
it would be very hard to collect necessary information even
i¥f EXpERSive hardwars monitor sguipment is applied at a

later time.
J. INTERNAL SCHEMA

Te design a database machine, it is of great importance
to define an intermal schema or how relations are stored in
memory, becauses it grearly influences system performarcs and
flexibility. There are twa principal class aof ;ntérnal
schemas for storing rei:tl;ns for database machines. Mamely
ome i tuple-based intearnal gchema and the other is

attribute- or domain-based schema. B-tree tupe schema i &
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ugeful in implementing relational databases on conventional
computers. We think. however, that Relatienal Algebra is
naturally mapped on 4&an internal schema closer ta its
conceptual schema angd that manipulating pointers amd tuples
mingled togerther withimn storage is not suited for ocur
hardware algorithm. It would be possible to construct a
database machine which s:mulates by hardware The bhandling of
B-trees in conrentional computers. This arc hitecture,
however, would be strictly associated with a Specific
implementation technigue and therefore have little room for

flexible and extensible improvements.

Among the two candidates for Delta's internal schema,
we hawvs= chosen attribute—~based one. Tuple—-based schema I[§
appropriate for those machines which have general class af
prac=ssor and buffer by which relations are processed. I'n
this cage, on-the-fly processing is difficult, because the
relation to be processed has first to be staged up to the
buffer and then processed by the gensral —purpose processor
by its programs and finally destaged back to relation store.
Furthermore, even if clustering is applied, tuples with
Unnecessary attributes have to be read out, which could

result in the undesirable increase in processing time.

For these reasans, we have chasen the attribute—based
schema which iz assumed to be guited for our ROH Engine
hardware :n which an attribute of relation is processed
on=the=fly to give fast RDE query manipulation. The problem

dssociated with thia schema is tuple recanstruction, which
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has been briefly described in HM chapter.

To overcome this problem, we adopted two—]=we]
clustering to efficiently execute tuple reconstruction. The
idea is that in first-level, the relatien is primarily
clustered by the attribute values, then the primary clusters
are divided secondarily by the tuple-identifier wvalues ta
form a secondary clusters which correspond to & storage

wmit,

By doing this, only small amount of storage is required
te be scanned to reconstruct a tuple. And usually all the
attributes are not needed to form output tuples :n a sguery,
unnecessary attributes don’t have teo bhe even staged. There
cauld be other clustering technigques to cptimally reduce l-0
counts to Ssecondary memory, we think *hat by adopting the
two-level clustering with large scmiconductor disk in  HM

BubsyETem, sufficient process specd can be achieved.

4. CONCLUSION

I'm previous chapters, brief descriptions of the [COT's
databage machine Delta are presented. Mac hine
implementation in operational faorm is an primary target with
considerations to cambine ROB and legie programming
language. We have addressed the importance of efficiency,
which will be achicved by the use of hardware support of HM
and RDBE contralled by CP, In this class of rRDBM,
attribute-based internal schema is considered more efficient

than tuple-based ane. ¥Yet the verification and evaluation
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of these idedas should be pUrsye=d in the course of our

research, with the investigation of implementation details.




