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Abstract

A parallel database wanagement system (DBMS) callod
fappa-F has been developed in order Lo provide ef-
ficient database management facilities lor knowledge
information PrOCESEING applit'alimu: i e ,_lapa,nrﬁ:'
FOOS project. The data moclel of Kappa-P is based
on & nested velational mode] for treating complex data
structurea, and has some new data (vpes. lappa-1* has
features of bhoth & parallel DBMS on a Lightle-roupled
multiprocessor and a distribuled DBMS ou a loosely-
coupled multiprecessor, I this paper, we descrile the
overview of Rappa-P.

1 Introduction

In the Japanese FGCS (Filth Geperation Compuler
Svstem) project. manv knowledge information process-
ing svslems [KI1PSs) have been designed and developed
under the framework of logic and parallelism. Amoug
them. & of databases and knowledge-bases[ 1] aims
at an integrated knowledge-base manageent sys-
ke (RBMS) under a fraanework of deductive object-
oriented databases (DOODs). Nappe ' is a database
maagemenl system (DBMS) located in the lowey layer
and is alse a name of the preject. The chjective is to
provide database management facilities for many KIPSs
and support efficient processing of the FGCS prototype
svstem as the dalabase engine. In the Kappa project.
we have developed a sequential DEMS, Nappa-1T and a
parallel DBMS. Aappa-F. Both systems adopt a nested
relational model.

Kappa-11. which is a research resull of the intennedi-
ate slage. is written in ESP. and works on sequential
inference machines PSI and its opersting system SIM-
POS. The system showed us thal our approaches hased

'Knowledge Application-Oriented Advanced Database Alan-

ageieanl Sysiem

Tel: +2]-J67--16-3665

Fax: +81-467-41- 9264

o the uested relational model are sufticient for KHMSs
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machines by various KIPSs. for instance natural lan-
giage processing svstems with electronic dictiouaries.
proof checking systems with mathematical knowledge.
anil gﬂlPLi-."infannaliun processing svstems with molec-
ular biological data.

A parallel DBMS project called Kappa-P[7] was ini-
tinted al the beginning of the final stage. happa-P is
based on Kappa-11 from a logical point of view. and its
configuration and guery processing have been extended
for the parallel eovironment., Kappa-1" s written in
RLD amd works on the enviromument of PIM machines
and their operating svstem PIMOS. The smallest con-
figuration ol happa-P is alimest the same as happa-11
Comnpared both svstens oo the same machine, Kappa-
P works with almost the same efficiency as lappa-11
Kappa-F is expecied Lo work on PIM more efliciently
than Kappa-lL as their environments are dillerent.

We describe the design policies in Section 2 and
the features in Section 3. We explain the I'Pn:lm'n':l of
Lappa’s nested relational model that are dilferent from
others in Section 4. Then. we describe an overview
of the Kappa-I* systenu: data placement in Section 3,
management of global information in Section 6. guery
precessing in Section 7. and implementation issues of
element DBMSz in Section 8.

2 Design Policies

There are various data and kuowledge with complex
elata struetire in our envitomment. For example. molec-
ular hiological data treated by genetic infonivation
processing svstems includes various kinds of informa-
tion and huge amounts of sequence data. The Gen-
Bank/H(G:IR database[3] has a collection of wurleic
acids sequences. the phvsical mapping data. and re-
lated bibliographic information. Amount of data has



leen increxsing exponentially. Furthermore, the lengt
of values is extremely vardable. lor example. 1he
length of sequence data ranges from a few characters
to 200.000 characters and becomes longer for genome
data. Conventional relational model is not sufficient for
eflicient data representation and efficient grery process-
ing. Since the data is increasing rapidly. more process-
ing power aud more secondary memory will be reguired
Lo manage it. Such situations reguive us to have a data
model which can efficiently treal complex struelured
elata and huge amount of data.

Parallel processing enables us 1o improve through-
put, availability, and reliability, PIM-p is & hyloid
MIMD multi-processor machine which has (wo  as-
pects, a tightly-coupled multi- processor with a shared
memory, called a clusfer, and a looselyv-coupled multi-
processor connected by conmmunication netwerks. Disks
can be connected 1o each cluster directly. The archi-
tecture can be that of typical PIMs. Both applications
and happa-P are executed on the same machine. Boih
RBAMSs and KIPSs need a lot of processing power 1o
improve Lheir response, so Kappa-1 should be desigied
to improve the throughpnt. The svstem should use re-
sources effectively, and be adapted for the envivonment.

For the above requiremsents. 1l svstenn s desiged
as [odlows:

o D order to treat complek structured data el
ficiently, a nested relational model s adopted.
The model i nearly the same as Kappa-11's data
model, which shows us efficient handling of comn-
plex structured data. New data types and new
indexed atiributes should be added to handle huge
amounts of data efficiently.

o The system should use sysiem resources effectively
‘o improve throughput. System vesources are pro-
cesging elements, shaved memories. disks. and come
munication networks,

— The systemn  should  wse  hvbrid  wuelti

processors effectively.

— Main memery database facilities should e
provided for effective utilization of (shared}
main memories, Because the data structure of
the nested relation with variable occurrenves
and strings is complex. such a struclure can
be handled more efficiently on main memory
than secondary memory.

— The system should provide pavalle]l disk ac-
cess Lo reduce disk access overhieads.

— The system should actively control eommuni-

cation among clusters in order to reduce com-
munication overheads in query processing.
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should L Hdapu-ﬂ for  the  en-
Thengh  happs-P may e
to database wachives|t] the difference Lerween
Wappa-P and database machines is that both ap-
plications and a TYEAS work together oo 1he sane
machine.

o The Avsiem

viroumenl . similar

= The svstem should provide Tunctions 1o e
duce conmmunication overbeads betweon appli-
cations and the svstem, because they worls
“together on the same machine, The funetions
execule parl of applications at clusters which
praduce mpat data.

— The svstemn should provide s mechanisin o
process some queries inoan application. e
cause inlernal processing ol an application is
parallel. and some queries can veeur i paral-
el

The svstem wses (he PIRCS [Hle svstiean. a
part of which is designed for Kappa-1. The
fle svsienn provides eficient aceess 1o |argu1
files. mpirrored disks, and the svoe mechansm
[ vaels file.

3 Features

Aveording 1w the policies pwationed 0 the previons
seclion, Rappa-1* has besy implemented. The svstem
las 1he Tollowing leatures:

o MNested Relational Maodel

Alvesdy mentioned, conventional relational mede]l is
not appropriate inoour environment, In order 1o treat
complex structured data efficiently. a wested relational
model 15 adopted. The nested velational model with a
sel constructor and hieracchical attvibules can repne-
sent complex data naturally, and can avold unnecessary
division of relations. The model is nearly e sanw as
Bhappa-ts data mwdel. which shows ws officient Tan-
dling of complex struetured data, Because Kappa-1* is
also the database engine Tur Lhe WBMS of ihe FOCS
project. the semantics of pested relations matehes the
kunowledge vepresentation language. Quryvore[10] of the
KBS,

Term is added as a3 data tepe to store various knewl
edge, The charserer code of the PIA machine is s
on 2-hyte code, but the code wastes seconclary memory
space. b order 1o store a huge amount of data. such as
a genwome database in the pear Titure. new data 1vpes
and vew jndesed atiribntes ave added.

s Conliguration

The configuration of kappa-P corresponds 10 the
architecture of the PIM machine, and distinguishes
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inter-cluster pacallelism from intra-cluster parallelisi.
Ikappa-P i8 constructed of a collection of efenend
DBMS: located in clusters. These element DBEMSs co-
operate to process each other’s gueries,

F'IEHI:‘P 1 shows the overall v:u-uﬂguralinn of happa-
P. The global map of relalions is managed Ly some
element DBMSs called server DBEMSs. Sever DHMSs
wanage uot only global map but ako ordinary rela-
tions. Element DBMSs, with the exception ol server
DBMSs, are called local DBAMSs. Infesface proce sses are
created to mediate application programs and Kappa-P.
ael veceive queries as messages,

Figure |: Configuration

# Data Placement

The placement of relations also corresponds to par-
allelism: inter element DBMS placement and intra ele-
ment DBMS placement. )

In order to use inter-cluster parallelism. relations can
be located in some element DBMSs. The simple case
is the distoibution of relations like disiributed DEBMSs,
When a relation needs & lot of processing power aud
higher bandwidth of disk access. the relation can be
declustered as a horizontally partitioned relation and
can be located in some element DBMSs. When a rela-
tion 18 frequently accessed in any gquery, some replicas
al the relation can he made and can be located in some

elewment DBMSs. However, in the current implenwnla
tion. the replivated relation can be used for the global
map ouly. that is. for server DBMSs. ’

Relations can be located in main memory or sec
ondary memory in an element DBMS. Relalions in
main memory are temporary relations with no corre-
spondent data in secondary memory. This meaus rela-
tion distribution in an element DBMS. A guasi main
memory database. which guarantees to reflect those
modifications 16 secondary memory. contains a rela-
tion in secondary memory and & replica of the relation
N A mEemnory,

e Query Processing

There are two kinds of connnands for quers process-
ing: primitiee commands and KQL. a guery language
brased on extended relational algrhm. |‘,|'i1|1'11,in' O
mands are the lowesl operations for relalions. and can
Lreat relations r‘"it'it‘ll!lb. The hQL is s¥nlact ira”_'r like
KLI. New operations can be defined temporarily in a
(uery.

A guery iu KOQL is translated mto sub-queries 1 in-
termediate operations for extended relational algebra.
and is submitied 1o relevant element DBMSs, A query
in primitive commmands is submitied to relevant ele-
ment DBAMSs. The query s processed as a distributed
trausaction among relevant element DBMSs. and is fin-
ishetd under 1he control of two phase conunitment pro-
tocol,

s Parallel Procvessing

Paratlel processing of Kappa-P corvesponds to the
architecture of the PIM machine: inter-cluster paral-
lelism mmong element [JBMSs and intra-cluster paral-
lelisin in an elenient DEBMS, The trade-off is processing
]Juwr“r HII(! T'{II'I.HIII.I!'ILI,'HI]U“ ui‘Pr!lF\ﬂ.dﬂ.

.JII'I'F'TE" are [wo k.i.ll'l.'iﬁ UE |mt‘nl|¥r| prﬂl:f"&‘ﬁl]ﬁ {Ii"l){"’l'lfl-
I'tlg'f.m data ]thn"lrmﬂ. Distribution of welations ail
horizental partition of relations give us inter-cluster
parallelism. Iu this case. a guerv is translated into
sub-queries for sone element DBMSs. Replication of
a relation decentralizes access to the relation and im-
proves availability.,

s Compatibility to Kappa-I1

The PIM machine is used via PSI machives acting
as frout-end processors. ln order to use prograns de-
veloped on P51 machines. such as terminal interfaces or
application programs on Kappa-11, Kappa-P provides
a program interface compatible Lo Kappa-11's primitive
conuands,



4 Nested Relational Model

A nested relational model is well known to reduce the
number of relations in the case of multi-value depen-
dency and to represent complex data structures more
naturally than conventional velational model. However.
there have been some nested relational models[2. 4. 2]
since the proposal in 1978[6). That is. even if thev are
svitactically the same, their semantics are not neces-
sarily the same. In Kappa, ene of the major problems
is which semantics is appropriate for the many appli-
cathons in our envivonment. Another problem is which
part of Quirers should be supported Ly Rappa as
a database engine because enriched representation is
a trade-off .in efficient processing. In this section, we
explain the semantics of the Kappa model.

Intuitively, a nested relation is defined as a subset of
a Cartesian product of domains or other nested rela-
Lions:

NR © Ex...-xE,

E; := D |EN

where [ is & set of atomic values *. That is. the re-
lation may have a hierarchical structure and a set of
other relations as a value, It corresponds Lo introducing
tuple and sel constructors as in comples objects, C'or-
responeling to syvntactical and semantical restirictions.
there are various subclasses. in each of which extended
relational algebra is defined.

In Kappa's nested relation. a sel constructor is kel
ouly as an abbreviation for a se of normal relations as
follows:

{i'[r: =ﬂ-.fg= {bl: 0o .!il., }”’
- {J’“lf1= a.ly= 5-.].- v r[f, =y, fy= Ir,,l]-

The operation of "=" corvesponds to an wiwest o
eration. while “<=" corvesponds to a wesl or gronp-by
aperation. "<=". however. 15 not aecessarily congruem
for the application sequence of nest or group-ha oper-
ations. That is. in Kappa. the semantics of a nested
relation is the same as the eorresponding relation with-
out sel constructors. The peason why we take such
semantics is to retain the first order semantics lor effi-
cient processing and to remain compatible with widslv
useed relational model. Tet & nested velation

NR={nty.---. 0]}
where ni; = {{n. g} fori= 1. .

then e semantics of VA is {fy. 0 Fgesees Tugeees
tai ). Extenced relaticoal algebra 1o this nested re-
lational database is defined i Kappa and produces

*The term “atomic” does net carry its usual meaning For
exantple, when an atoioie value has a tvpe forn, the egualiiy
wsk be based on unification or matcling.
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results according 1o 1lee above semantics. whicl Elar-
amtees 1o produes Hhe same vesull 1o e {':.rj"|w-':i|‘;u||l:]i||g
relational datalase. excepl treatment of aitribute hie-
archy.

As s relation amiong lacts in a database s conjune-
Tive [rom o prool-leoretic point of view, we consider s
guery as The fist oeder langeage: that s, o the [
of vubes, The semantics of & e constrocted by nested
vuples with the above semantics is cether siinple, For
example. the fullowing rule

vlh =X o= {a boe}
= E,]!, JJ[;:5=]- ;4_-_-- ld,i }..lr__i.= EI. h“'_

can be transforined inlo Uhe following set of rnles with-
out sel conskructors,
=X lh=a| =
E_;J[13=}'.34—'d.f5=2']. r"|13,= Y=t ly= 2|. .
r[i,:."f. fo=b] =
B.rlla=Y.l =d. ly= Z]. r"!f_-dE V.= h=Z|. H.
rlh=X. ly=v¢] =
B_r"[!_-!=}-_ ,|'_|_= i f; - Z].I'r[-f_'g =V, L.Tl.‘. .I’;_:Z]. .

That ts. each rule can also be unnested into a ser of
riles without a set constructor. The point of eflicient
processing of Iappa relations = how W redoce e
pumber of unnest and nest operations. that s how Lo
process sets divect |y

Uialer the senrntivs, guery provessing 1o nested pe-
tations b dilferont Trom conventional provedumes. For
example. consider o simple database consisting ol wnly
ane Lupsbe:

ity = {w. b} b = {c}).

For a query 2y = X.4 = X we can ger N = {b},
that ds. an intesection of {a 8] and (b}, That s
a concepl of unification should Le estended. Tnovrder
to generalize such o procedure, we st introdies 1w
ceseepts o Uhe proceducal semantios[ | 1]

Ly Hesidue s
Consider the following progran and a query:

lf=) < B.
ofi=5].

0 SM S G wol s empty et during unification
between off = 5] and o[f = 5. siew subgoals are
r'|F= SYNLED That s, a residue subgos| r'[l' =
SO0 N i generated i S Sy ool an ety sel
0 herwise, 1hae vniiication [ails, Note that 1 here
might L vesishie subgoals o7 there arc inuliple set
vitlmes,

Hewding vs Conslinind

[ E=Y

Cesnsdaler e l'u|.|u1.1.'i||g dlatalimse aned a IRy
|'|I|r] = ."".|].

|'1[J'.1 = Myl
Tl =X oralle= X,
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Mthough we can get X = 5 by unilicalion L
tween o[l = N and sl = 5] and o owew subgonl
ralfe = =]t suceevding nnifivation resulis n
rolly =5y N4) and g cesidue subgoal ey = 545
Such a procedure s wrong. because we shonld
have an answer N = 5,00 5. lo oeder 1o avond
such a situation. the bindiog inlornmation s -
JHarary an |:|]'r|_'|.'5 the role of the constrainls to b
teladied.

The procedural semantios ol extended relational alge
|J'I'E| IHI: f!l"rilli‘(l |JE|.!'H"I.'| LK1 1-']1.' ﬁh(}"l'l.'" l'ﬂl]l'l"l:ll!i. .Ill['mﬂIiIlE
to the semantics. a Kappa datalase i allowed nol o
essarilv wo be pormalized also in the sense ol pested
relational model, i principle: that s 00 i unmecessaey
[or vsers Lo e conscions ol row pest stroctore. Oy U
allier haud. in order to develop deductive dalabases on
Iappa. a logie programming language. called CRIL 1]
15 :|e'1'{'|up|m| oi the sensantics and is Turther extemded
in Quervers [10),

There remains one problem sweh that wobgue vepre

septation of a gested relation = ool necessarily decided
it Lhe Iappa medel. as aleeady mentionsd, In order io
dewicle a wnigue vepresentalion. sach nested relation has
aseguence of altribules to be nested in Kappa.

Consider some examples ol differences among sone
musiels, First, asswmne a relabion r oconsisting of 1wo
Lupales:

ii"[Il = "Jz — {EI [H
ol = ol = {e.d}])

By applving a row-nesl operation on f o 1, we gel
Lo paassible pelations:

{J'[h = {I. -'Ig
{rlh = e.ly

{b.c.dy)}
[{he} {ed} ]

Accurding 1o the semantics of Rappa and YVersol8], we

gl the st relation. while, Hl.':'or:l'mg 1o one ol 1hYs-
I}HHIHJ awtnel .-'LIM-I’[‘!.]. wer el e second.

Secondly, vonsider ool ler relation © consisting ol
ulll_';' LRI 1'II|.||1"}-"

[Pl = ly= [ by b= e )

By applviog selovtion operations o e, and moa,, . wis
ael The Tolhewiog Vao relalions, respectively:

[ = wdy = Iydy = {eyoea} ]}
Ll =ody = (M) ly = {'t]jl

11
i

W owe apply a noion operation o e above Twe rela
Vions, we gel bwo possible relations, Avcording 1o the
semanlics of Verso, we get Lhe ullowing fornginal] rela-
tian:

1:’[!, = .y = {hl,ﬁz}.f;t= 1e-|.r'1}]|.

That is. although 1he combination of {; = a. f, = by
il g = ey s ol weleeted alter twio seleetions, il ammes
Back (o lile by the result of the anion. On the olber
haned. according o the semantics of happa. we have
ane of The Tollowing:

= e s =t b= e e
Py = wdy = dy =0y} or

1FTh = 0.ty = {by.by). by = 4],
r"||’| = u.ﬂ'-; = lr.l'r. F_g = {'g-:}

Which relation s selected dt"l.‘bt‘hdﬁ ot nesled sequence
efined w4 he seliema,

Aveording 1o the above semantics. the happa nwodel
guarantess more efflicient processing by veducing the
paninber o Guples amd relations, and more ellicient regp-
resentation by the comples construction than relativnal
rl]ﬂ){ll'].

5 Data Placement

In crder to oldain larger processiug poscer using inler
cluster paralledism. relations should e bocated D dillie
ent element DBAMSs. Kappa-P provides theee kinds of
data placement: digtribution. horizontal pariition. and
replication.

o Distribogtion

Digtribution of relations is a simple case like dis-
tributed DBMSs. When relations are distributed in
soine element DBMSs larger processing power can be
obtained. but comnmunication overheads may Le gener-
abed at the sane Hime, A database designer shonld be
responsible for distribution ol relations. because how 1o
distrbute relativns relates to relationships anong rela-
tions amd Kinds of 1_'L']J.ir.'a] gueries to the databage, In

Lvpieal quevies. strongly related velations shoule T in

Lhe same element DEAR. aned Toosely melated velal o
niglat lees don clilferent element 1134015,

Aoguery fo aceess Chese refalioons s divided ino sole
queries ler sonee cdensent DEALSs by oan jnterlace pre
cess [Figee T aml each sulegnery s gwocessasd = a
dlist rilmtand Trasaetion,

® Horizontal Partition

A horizontally partitioned  relation = a kind of
dechostered relation. 1 s logically one eelation, Tan
consists ol some sulsrelations containing cisteilmied
1|:|p|1'9- according to sone declustering eriteria, 5 hon-
zonlally partitionsd relation is effective when e rela-
tian neweds a lol of processing power and higher land-
wieth ol disk aceess. For example, it s effective in s
case ol s oinolecular biological datalase which nelndes
seeuence data which requires homology search b oa



patiern called motif. A database designer is also pe
sponsible for horigonial partition of relations. hecanse
horfzontal partition does nol alwayvs guarantees eflicient
processing i it does not satisfy declustering criteria,

A query to access honzontally partitioned relations is
vomverled Jnlo sub-guenes to aceess each sl relation.
Eacl sub-guery is processed o parallel in oo dillereni
clusters with sul-relations. Especially, when e guery
%o unary operalion or a binarv operation suitable
lor the declustering criteria, cach suleguery can e
processed independently and comupmmication overheads
anwig closters can be 1,|'|b|u=ga.1'|;]a=g|. I otlier cases, ax
vommmpicalion overheads amneng chisters can’t be dis
regardvd anud i1 ks necessary Lo convert e gueries Lo
reelnee The overhends,

. Jh!pliual juan

Replication of a relation in sone elenent DM S
enables ws o decentralize to access the relation. amd
wo ineprove avablalilivy, Culy the global wmap held i
server IMAMSs & replicated with a voting protocel in
the current implementation of Kappa-1. The replica-
tion avoids centralizing access for seever DBMSs. and
even il some server DBMSs would stop. server facilities
can work on.

6 Management of Global Infor
mation '

Metadata of Kappa-P is divided into two kind of infor-
mation: global information and local formation. e
global inforimation cossists of logical nfermation. such
as the database name and relalion names. and phyvsical
mlormation alaoul element DBASs. such as start-up in-
ferination, carrenl status. and stream 1o commupicale,
The lowcal information also consists of legical inlorma-
tion, such as the local database name and sebena. aml
physieal information. such as file names and physical
stractwres of relations. Fach element DIIAS Hianages
loval information. and server DBAMSs inanage global -
formation in addition ordinary relations. The role of
server DBMSs s management of global infornnation.
eapectallv. management of relation panws for guery
processing and establishment of communication patl
between an inlerface process sl elanent [MHASs,

o Alanagement of Relation Names

It s pevessary 1o guaranlee Lhe onigoeness ol vels-
L mannes, The simplest way s that o velation tanee
forcos o contain the relevant element 1JBAS ane.
Sucle s name is ool suitable for Rappa-®, becanse
buanppa-1* treal logically one database. Server 1333055
manage viedation pames centrallv. and provide lecatio
;IIE]1‘|H'IIE:|!'II1. relation wames. The information consists
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avent DALY watee 10
inlarmaticn is reloreed
i order 1o liod relevant elogent AN T velation

ul a relation oamee and anoeh

which e redation exists, 11

mames al Lhe begimming ol guery processing. When a
relation s created. o mwssage 1o register e relation
matne lernation is =semt Trom the Temmsaetion, Wien
a relation s et a LT O U e thie relantiom
paie i lovation is sent Frame The Drapsiae ion.

(i leskaal niilierpsgal i is I!*p”lhll'd i wicler 1o dleven-
tralize asvesses to server DHALSs. |ii'|:ii1'$||iu|l al e
wnformuation is Dpletented by wsing o voting protocal,
I ool v avcese server PSS, s distrilinted @ ransace
ey nses Lw phisae cemmmitinent protoacal.

s Manageinen) ol Plosical Infernation

Server THEMS vsmage plivsival inlocation. such as

start-uge ielormativn. currenl statns, sl strean o
commmicate,  Sever EASs warch the state ol el
genel DIHEMSs. a0 il I.H"!{‘IIIIII'IIH ul’ CLCTY Iroressing, i
server | JAMS comecis anonrlerlace praacess 1o rebivamni
element 1A NS,

7 Query Processing

7.1 Query Language

There are twa Linds ol lsguage for query processing:
|"'.QL. BTy ]H.llmlhgt' gz one extended  relational
algelva, md pringivive eonmaneds. A query in laak
primitive commands aml WL s in the Toro of @ mes-
sage to an interface provess. and the esolt s eetaemed
thrngh e tupede stremm which dose me lave cngsors

as B0,

L] HQl.ﬂ]{iun Qm'r_\. |.-i'1li':_"lliIHl"|

ROL s svotactically sioilar o KLL Operalions of
exbenehl relational algebra are written fike predicaies.
attl vew wperations can be defined tenpacarilv, which
take relations only as their arguments, Figare 2 slows
a guery in kL.

& Pricaitive Conneaonals

Primitive comads are the lowost operation T
tssteel pelativue amd o ealleetion of vnary aperalors

lor o mested melation. Figure 3 shows ao example
[t ve conmiiels,

7.2 Query Processing

Aequery e WGHL b preocessesl b Uhe fallow g s1epas.

o (onery Translation
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go{Result: :resultl, Temp: :resultl) :- true |
selection(table2, **(from = “icot"), Temp},
difference(tablel, tablel, EmptyTable),
transitive_closure(tablel , EmptyTable,
tablel, Resulz),

transitive_closure{Delta, In, R, Out} ;-
empty (Dalta) |
In = Qut.
transitive_closure{Delta, In, R, Out) ;- trua |
join(In, In, *'(to = from), Int},
projactien{Ini, {*1.frem’, '2.ta'},
In2::{from, to}),
unien(In2, K, NextIn),
difference (NextIn, In, Deltal,
transitive_closure(Delta, NextIn, &, Out)

Figure 2: Query in KQL

ifp:createipc, off, IFF, Statusl),

IFF = [openf[l, Statusi),
begin_transaction([tablel{read)], (], Statued),
create_format(tablel, “°(s), FMT, Statusd),
read,_record(tablel FNT,rid, TupleStroamd, 34

| IFP1],

TupleStream( = [Bufferl | TupleStreami],

%% Bufferl = [Tuplel,...Tuplel]

TupleStrieaml = [Buffer2 | TupleStream2],

i Buffer2 = [Tuplell,...Tuple2i)]

[ end_transaction{StatusE},
close(Statuss)] .

IFP1 =

Figure 3: Primitive Conumands

A query in KQL is translated into sub-queries. which
iz called intermediote operations (shortly, epemalions in
the following procedures) for extended relational alge-
bra, by an interface process of Kappa-P.

1) Get relation names by parsing a query, and get lo-
cation information of the relations from randomly

selected server DBMSs.

2] Get schemata and supplementary information of
the relations from relevant element DBMSs. In
case of horizontally partitioned relations and
guasi main memory relations, information of sub-
relations is assembled into one. Supplementary in-
formation is fellowings:

o List of indexed attributes
The algorithm of query proceszing is depen-
dent on whether an attribute iz indexed or
not,

» Uniqueness of attribute value
The slgorithm is dependent on whether an
attribuie value is unique or not.

o Kinds of attribute values and the number of
attribute values

The information is used to estimate amounts
of intermediate results. and reduce commmuni-
cation costs.

s The number of tuples and thé average size of
tuples
The mformation s also used
amounts of intermediate results,

o estimate

3] Replace an operation for a horizontally partitioned
relation with some operations for sub-relations and
add merge operations. In case of a quasi nain
memaory relation, replace an update operation with
operations both the secondary memory relation
and the temporary relation. Replace a non-update
operation with an operation for the temporary re-
lation.

1) The executing order of operation in the guery is
extracted from the query, and operations to com-
trol executing order are embedding in the query.
Sinee the query can include update operations. it
is impossible to contral the data flaw graph oalv.

Using basic optimization techniques by supplemen-
tary information of relations, the guery is trans-
lated. and an algorithm for processing extended re-
lational algebra is determined. In this phase. some
execution plans are produced.

o

G) According to the location information of relations,
the candidates are divided into sub-sequences
to minimize the communication costs estimated
by the supplementary information. Sub-sequences
with the least communication cost are chosen, and
operations to transfer tuples are embedded in the
sub-gequences,

7) Each sub-sequence is translated into KL1 program
with procedures calling intermediate operations.

e (Juery Execution

Each sub-sequence 15 semt to the related element
DBMS. and processed. Each sub-sequence is executed
as a distributed transaction with two phase commit-
ment protocel.  Although processing in an element
DBMS is based on tuple streams. data in other element
DBMSs are accessed via transfer operations embedded
in the query translatlon phase.

7.3 TUszer Process in Element DBMS

Becanse both Kappa-P and application programs work
together on the same machine, the system cannot
only provide higher communication bandwidth between
them. but can also reduce communication overheads
between them by allocating them in the same cluster,



In primitive commands, a tuple filter are taken as
the argument of a read operation. The read operation
invocates the filter in the same cluster in which a re-
lation exists. If the relation is horizontally partitioned.
filters for each sub-relation is invocated. and the oui-
puts of all filters are merged into one.

In KQL, & filter is specified as one of the new opera-
tions.

8 Element DBMS

An element DBMS contains full database managenrent
facilities, and accepls intermediate operations for ex-
tended relational algebra and primitive commands, We
are not concerned with communication overheads in el-
ement DBMSs. Kappa-P uses parallel processing on a
shared memory only. but doesn™t uze parallel opera-
tiong for secondarvy memory in element DBMSs. in the

current implementation.

» Parallel Processing by Tuple Stream

Stream programming is a very typical programming
style in KL1. In general. a query can be expressed as
a graph, which consists of some nodes corresponding
Lo the operations and arcs corresponding to relation-
ships among operations. In KL1, the graph corresponds
to the processing structure of the gquery. The nodes
become processes. and arce become streams through
which tuples are sent. In KLL. the number of tuples
in the streams does not only depend on the amount af
intermediate results, but also the number of processes
to be scheduled, So. it is verv important to control the
number of tuples. and to drive the streams on demand
with double buffering.

Figure 4 shows an example for parallel processing by
Lup]e stream: Tabled = I[E_HTEHE 1t Table 2,

# Parallel Processing of Primitive Commands

Primitive commands process various operations in
parallel for nested relations. for instance. operations
set for and index operations of temporary relations.

A set is a collection of tuple identifiers. and is ob-
tained by restriction operatioms. In order to parallelize
set operations, a set is partitioned according to the
range of tuple identifiers,

Index structure of temporary relations is T-tree[3],
which is more sufficient in main memory than B-tree,
Range retrieval operations. we are processed in paral-
lel. In general, leaf nodes are connected in order like
Bf-tree to trace suceeeding leaf node directory, Inm our
experiments. such a structure can’t work efficientiy in
KL1. Range retrieving on a tree, whose leaf nodes are
connected. is done following steps: finding the mini-
mum value of the range, and then. tracing through the
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Figure 4 Paralle! Processing by Tuple Stream

conpection until the maximum value is found. These
steps ave almos! processed sequentially, Assuming that
H is the height of the tree. and K is the number of leat
nodes between the range. the number of comparison of
values is H + K. On the other hand. range retrieving
on a tree whose leaf nodes are not connected is done
following steps: finding a minimum value of the range.
finding a maximum value of the range. and collecting
values between them. These steps are almost processed
in parallel. The number of comparson is 2H. The
latter has advantages about parallelismi. wide range re-
trieving. and efficient implementation in KL1.

o Aain Memory Database Facilities

Each cluster of PIM has hundreds of mega butes
of main memory. In order to use such a large mem-
ory effectively. Kappa-P provides temporary relations
and quasi main memory database facilities, Because tu-
ples of nested relations with variable occurrences and
strings are complex. such a structure can be handled
more efficiently in main memory than in secondary
memony,

Temporary relations exist only in main memory hav-
ing no corvespondent dats in secondary memory. so
modifications to the temporary relations are nob re-
flected to secondarvy memory. But. temporary relations
are useful for application programs which create many
intermediate relations such as deductive databases. The
temporary relations have the same interface as sec-
ondary memory relations. -

A quasi main memory database. which guarantees to
reflect those modifications to secondary memeory. is not
a pure main memory database. but parallel process-
ing enables the quasi main memory database to work
with nearly the same throughput as a main memory
database. A quasi main memory relation is a kind of
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replivated relations consisting of & pair of & secondary
wemory celation and a lemporary relation. lappa-F
guaranless thal both relations have the same logical
structure. such as tuples, indexed attributes. and the
saie Luphe identiliers. eveu if the relation is updated,
Operalions except for update operations can be exe
cuted by the temporary velalion. because the teingpo-
rary relation i processed [aster than the secondary
menwry relation. Vpdate operations should e exe-
cuted by relations o parallel and asynchrononsly, and
aviehranization s achieved by two plase commitment
protocol, which guarantees the equivalence of 1heir con-
Lenis.

9 Conclusions

in this paper. we described a parallel DBALS Kappa-P.

In order to provide KIEASs and KIPSs with eHicien
database management facilities. the svsiom adopts a
nested relational model. and is designed 1o use parallel
resgurces efficientdy by using various paraliel process
ing. The smallest couliguration of Kappa-1 is alinst
the same as Kappa-1L Compared bl svstems on 1he
st msachine, Wappa-1* works with almust sane elfi-
cieney as Wappa-11 Wappa-1® s expecied 1o work on
PIAL tnore efficientiy than Fappasl We will inakae var-
i experinen s lor elliciont wiilization of parallel roe
sturces, and show that e svsiem preovicles IEA A=
anl WIS with efficient databiase managenent Tacili-
Piess fon Uhe IF0A0S el Ve svslen,
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