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ABSTRACT

A multiprocsssor-based relational data-
bage machine is proposed in this paper. The
proposed system is regarded as a database
server, which can process multiple queries in
parallel, im & computer network. And this
machine can mitigate the resource contention
in the system by partitioning whole database
into a finite set of functionally independent
databases. The total processing time of
gueries is reduced by applying datafllow
concept to the processing of gueries. The
functional behavior of the proposed systam
iz simulated, and its performance is evaluated.

1 IRTRODUCTION

There have been twoe important approaches
in the development of the database machines,
which is defined as any spacial purpose hard-
warae/software combination that iz specially
intended to make the database system go
faster[1]. One is called the associative
disk system,; and the other is called the
back-end system. RAP[2], CASSM([3Z], and DBC[4]
are the examples of the former, and IDMS ;
MADMAN, and K5U are the examples of the latter
I51.

Many multiprocessor-based database
machines have been proposed in order to
increase the processing speed as the advance-
ment of VLSI technologies. Direct[&-8], which
processes the multiple gueries under the
dataflow concept, is one of the typical
examples in this approach. A ring network-
based relational dataflow database machine
was proposed by Bic and Herendeen([9].
Tanakal[10] has proposed a database machine
that processes relations in the form of
gtreams of an attribute and uses spacial
purpose hardware for database operations.

and the database machine may also serve
the information retrieval in computer networks.
The database machine, which serves guaries
from multiple hosts in & computer network, is
called a database server[16]. IDM[1l] is the
first commerical product under this concept.
Erd it provides the efficient usage of a
back=-end systam without restricting the user
interface to a particular data manipulation

language.

e e e e S B ————

In this paper, a new multiprocessor-based
databases machine is proposed. The concept of
dataflow computer [(12-14] is employed for
parallel processing of gueries. It is basically
a distributed database system which treats
ralations in tha form of streams. Each of
tha streams consists of a finite number of
ingtances of an attribute in srder to avoid
the eongestion at the interconnection network
of processors. The instruction set called
base language instruction for the proposed
system iz designed.

It is called Hierarchical Ring-based
Relaticnal Dataflow Database Machine (HRDM) .
pefore introducing HEDM, some assuiiptions
arg mada as follows;

(1) HEDM serves database operations on a
large database which is shared by multiple
hosts through a back-end controller.

{2} The Database in HEDM is partiticned into
a finite set of smaller databases, which
are functionally independent each other.

{3) The data needed by a guary is usually
stored in the same database. This
property is defined as locality of
reference.

Additionelly, it would not address such
igsues as the aggregate functieons, updates,
concurrency control, recovery, etc.; such
functions belong to the domain of conventional
database management systems. The hosts are
responsible for parsing and gptimizing queries,
and they must produce guery packets which can
be understood by HRDM without any language
translation process.

2 QUERY PROCESSING OF HEDM

Dataflow architectures are well suited
for parallel processing of a large scale
numerical computation. The erder ef tuples
in & relation does not have significance in
the relstignal daota model. So the dataflow
concept would inerease the parallelism on
processing many relational database operations.

% Ha is now in residence at Gold Star Tele-
electric Research Institute, Anyang, Korems.-
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ql:
(p.pg} where
(p.pname =
“memory” ]

(2) Subgueries of query q.

Arrange
ip

retrieve
spp Arrange

§

i) Translation subqueries into basic operations.

Fig.l. Detatchment process of gquery g

2.1 Query Processing Strategy
Asgume that there are three relations
SUPPLIER (s#, sname, status, city), PRRTS(p#,
pname, oolor, weight, gty), and SHIPMENT (=#,
pf, gty) in HRDM. Consider a gquery g, which
is to get & list of suppliers who supply a

art named "mmr!a-"'. it can be exﬁaasad
suel-l.i.lcﬂl'l?ulal ata language as followings;

q: range of (g,p,s8p) is (SUPPLIER, PARTS,
SHIPHENT)
retrieve (s5.sname)
whare p.pname = “"memory™
and s.sl = sp.s#
and sp.p# = p.p#

At the host, detachment process of Quel
optimization in Ingras([19] is applied to gq.
The result is presented in the form of a
directed graph az shown in Fig.l{a). HNext
step in the guery processing, shown Fig.l(b),
is a translation of sach of the subgueries
into a set of basic database operations defined
in HRDM. This process can easily be imple-
mented as follows;

retrieve

Arrange

st

(c) base language instruction graph

{1} Calssify a subguery into one- or two-
variahle type. One-variable typa is
defined as a subguery which has only
ene variable in its where clausa.
Another type has two variables in its
perdicate.

{2) A one-variable type subguery is
translated into sequential cperations
of Restriction and Retrieve as 4, in
Fig.1(b}.

(3) A two-variable type subguery is intar-
prated as  Join opsration.

After these processes, their results are
merged while considering the data dependancies
among subgquaries.

Consider a relation 5 as an example, which
is to be modified twice by subqueries g first
and then g . Initially, 5 is not expli ity
addressed e arranged by g . So additional
Arrange cperation, which selsCts the tuples of
a relation that satisfy the given condition
by certain database operations, e.g., Join
and Restriction, is inserted to the graph of
q, to support consistant database operations.
Arrange oparation will be explained later in
detail.



Such a ralation that calls for Arrange
cperation is easily detected. If a relation
ig used as an operand of Join but not arranged
in the subguery, which calls for Join
cperation, it becomes a candidate. When one
of the candidates is referenced by another
subgquery, it is necessary to insert an Arrange
operation node below the Join node. The node
B in Fig.1l{c) is one of such nodes.

A guery is parsed and decomposed into a
set of subgueries. Each subgueries are
translated and merged with the data dependency
among subgueries. The resulting form of guery
processing at the host is a bass language
instruction guery graph, and its logieal
representation is shown in Fig.lic).

In node 11 and 5 of the guery graph
shewn in Fig.l(e), relation SP is referenced.
But occurrences of the relation 5P at node
11 and those of at node 5 wmust be different
from each other begause of Join operation in
node 10. So Arrange operation in node 7
is applied to the relatien SP to maintain
consistant database operation. Rrrange
cperation in node 7 accepts the information
called Arrange token frem Join in node 10
which contains a bit-stream indicating tuples
which satisfy the Join predicate, and selects
the gatisfied tuples.

For example, assume that the instances

. of s.88 are (111,112,113,114,115) and those
of EE.S. are {121;111;245;114!1154'315} at
the initial state. Two arrange tokens from
Join of node 10 have bit-streams (10011) and
(010110}, respoctively. The former will be
consumed by Arrange operation in node B
and the letter by node 7.

Each data stream and the basic database
cperation have their own tags for distributed
control mechanism. The tag of data stream
consists of thres fields and they are
represented as {@,I,Fy.., @ iz the number of
the query directed to the data stream, and
I represents the node which absorbs this
stream as its operand. Most database
operations defined inm HRDM have one input
port, but some operations like Join regquire
twe input ports. P is to denote a port
number of the cperation which will consume
the data stream. The operations in the node
T must have the information to identify its
operands and the next operstion node in the
form of ¢{0,I,N%. ¥ denotes the list of the
next operation nodes which will consume the
partial results from the operation in the
noda I.

2.2 cascaded Processing of Join

HEDM performs the Join operation in
linear time, under a cascaded mechanism of
processing. In other words, the processing
time of Join is linearly increased as the
nurber of data is increased. First, a Join
operation is unfolded inte a number of
elementary Join operations as shown in Fig.Z.
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Fig. 2. Unfolding a Join operation

Each elementary Join operation has two
input ports, pd and pl. The p0 is used for
the reception of the first operand, which
decides the actual number of the elementary
Join operations. &nd the pl is used to
receive the counterpart operand, which enables
the elementary Join operations. When the data
straam X is accepted through pd, the first
data element of a8 CAR x in LISP[15] repre-
sentatlon, is captured by an elementary Join
operation as long as it has not been allocated
by the other data element yet. After this
allocation process, the rest of data elements
af X ise,, COR %1151, are sent to the next
elementary Join operations. The counterpart
operant ¥ enables the allocated elementary
Join operation as being copied. " Then, ¥
iz sent to the next elemantary Join operaticn
by the enabled elementary Join operation. The
pnabled elementary Join operation procasses
the allocsted element of X with all the
elements of ¥, and generates Arrange token
untll End-Of-Stream-Token (BOST) of the stream
¥ is detected. All these procedures are
summarized in Fig. 4,

Each EODM has a special purpose hardware
called J-ring for Join operatiem. If it can
process n alementary join cperations in
cascaded manner with n processing elemsnts,
its processing time of Join would be decreased
1/n times than that uwsing a single processor.
Implementation and operating mechanism of a
J-ring will be presented in the next section.
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3 THE SYSTEM ARCHITECTURE OF HROM

HRDM consists of 3 levels of a hierarchy.
Overview of HRDM is shown in Fig.3.

The Back End Controller (BEC) is an
interface between HRDM and the host which
would isswe gueries to HRDM. It accepts
packets of gueries, which may consist of an
arbitrary number of gueries reguesting the
data in a certain Elementary Database Machine
(ED¥) or the data stored in several EOM's.

S-ring

I 1 I

ED M EDM - s
_____ ———EDM
|
| L-ring
| | -
| F P F P
!
l MU MU

Fig.3. The overview of HEDHM

The S-ring is a main interconnection path
in HEDM. On S-ring, thera are usually some
packets of gueries from BEC, data streams
produced by EDM's, or partial results produced
by EDM's and t0 be processed by other
EDM's in the S-ring. In each EDM, there is
a Query Processor(QPF) that poses an interface
to S-ring. QF is a bidirectional interface
that absorbs the packets of queries and
outputs results produced by EDM. QF absorbs
the packets on the S-ring to test for suit-
ability for processing in the EDM, QP sends
the selected packeta to File Processor
(FP)'s or J-ring through L~ring. The results
from the EDM are sent to other EDM's or the
hosts via S-ring through gP.

There are three kinds of tokens en L-ring.
The first type of token is.a token of the base
language instruction, which is the mnemonie
representation of basic database operation in
the relational algebra[20] supported by HEDM.
The list of base language instructions, their
formats, and functlons are given in Table 1.
The second type of token is a data stream of
attributes. And the third type of token is
an Arrange token, it is transmitted by
FE or Je-ring through the L-ring.

When a guery issued by the host needs
mora than one databases, the processing units
in an EDM must process the data streams or

Arrange tokens generated by other EDM's. Both
final results and partial results of gueries
in an EDM are sent to the S-ring through QF.
The final results of guerias are sent to the
host by BEC, and the partial results are
absorbed by the other EDM's in order to get
the final results.

FP's have two classes of memery units,
One of them is ' a local memory for working
data and the other is .a secondary memory
device for stored database. The secondary
memory devices, demoted by Memory Units(Mo)
in Fig.3 are used to store the relakions
of database in the EDM. MU may be made of
CCO or Magnetic Bubble memory for fast
ratrieval of data. The local memory, which
is called Working Area, is for managing
temporary relations while precessing hasic
operations in a query. Working Area is RAM
in FP.

Four major data cperations performed by an
FP are filtering of data in relations, a simpla
retrieval of data streams, an Arrange operation
©n relations, and managing of temporary
relations. Filtering ocperation selects data
which satisfy the given conditicn in the input
data stream. BRST in the base language
instruction of WRDM is an example. A simple
retrieval of data streams is denoted as RET
in HRDM. Arrange cperation implemented as
ARR constructs a new version of specified
ralation in Working Area using the Arrange
tokens from the previous Join or filtering
operations. The last operation of an FP is
to provide fresh data for the current database
operation, which relocates all the cccurrences
of required attributes of a relation regquired
by the current guery frem MU to Working Area.
In the bage language instructicns, MARE iz used
for this operation.

J=ring is a special purpose hardware for
the Join ¢peraticns. Join Processor(JdP) is
an interface betwsen L-ring and J-ring. The
base language instruction tokens of JOIN and
its operands are captured by JP. If cne of
them iz received Ly JP, JP examines whether
its counterparts reside in the queus. When
they are in the gqueus, that is twe data
streams and JOIN instruction token with tags
£4,1,p0y,4a,i,pl » andeq,i,ny, respectively,
are identical, Allocation is performed. Then
JF unfolds the JOIN instruction into a set of
elementary Join operations each of which is
allocated to an Elementary Join Processor (EJF)
by Allocation. Each elementary Join operation
is performed by an EJP in J-ring. The allocated
elementary Join operations are executed in
cascaded fashion as the counterpart operand
passes by EJP's. The generated Arrange tokens
are gathered, refined, and issued by JP. The
cooperative processing mechanism of JP and
EJP's is briefly described ia Fig.d.
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| Allocate Cam(pO)

and inskructibn

gelect relations for
which Arrange tokens

are generated.

and instruct ifn

of data and instructions at
a JP.

* p0 and pl dencte data stre-
ams from port O and port 1,
raspectively.

!

Join until BOST{(pl) i

debtected.

l

generate Arrange token

and frea EJP.

(b} Elementary join operaticns
at an EJF.

Fig.4. The cooparative processing mechanism of JP and EJF

4 EXPERIMERTS

Tha functional behavior of HRODH was

simalated.

The simulation has been performed

in VAX 11/780 running UNIX 4.1 BSD, and the

program was written in C.
of HEDM is measured by the operational analysis

[21).

And the performance

4.1 The Simulation of HEDM
The simulation model of HEDM consists of

two EDM's,each of which consists of a QF,

fourteen FP's,

and & J-ring.

In this section,

two sample gueries written in puel like data

language Will

be shown.

The base language
instruction program for these gueries and their

graphical representations are also presented.
A sample database foxr these queries consists
of thres relations, CLSi{subj, c#, prof), 5T
{st#, name, class}, and LEC(ck, st#).

range of s is 5T
retrieve (s.namej
where =.class = "Ph.D"

RST
ARR
RET

MARK s.class name

s.class="Ph.D"
5
5. name

{1} guery 1

: Betrieve the names of students

who are Fh.B candidates.

Pig.5. Query graph of Query 1
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First, the Restriction operation should be
forced on s.cléss. And the Arrange token
for S.name is generated by the Restrickion
operation. With the Arrange token, tha Arrange
cperation on s.name is performed.

{2) Query 2 : Retrieve the names of the students @

who are Ph.D candidates and credited by
professor "J.W. Cho".

range of (s,l,c) is (ST.LEC,CLS)
retrieve (g.nama)
where s.class = "Fh.p"

ard s.gtll = 1.st#

and c.cf = 1.o#

and c.prof = "J.W.Cho"

In relation ST, the s.st# is restricted
by Arrange token from the cccrurrences of
s.class whose value is Ph.D. Between the
relations CLS and LEC, a Join operation is
performed to retrieve the id.ounher of students
who were taught by professor "J.W.Cho". Since
these two operations are functionally inde—
pendant each other, they are processed in
parallal.

4.2 Tha Performance of HRDM

Using the parameters from the simmlatieon,
the logical time of processing gueries in
HRDM is measurad using Buzen's algorithm[21].

Consider an L-ring which is a main
interconnection network in an EDM. There are
thres types of processing wnits in an L-ring,
QP, FP's, and J-ring. QP sends instruction
tokens to J-ring and &ll FP's. FP generates
data streams to J-ring and QF, and makes
Arrange tokens to be consumed by itself.
Fig.7 contains such a relationship among
QP, FP, and J=-ring. The dotted lime implies
the movement within an FP. Regarding the
volume of data which are woving on the
interconnection network, the visit ratio[21]
is caleculated.

it is assumed that the speeds of all
procassing elements on I-ring are egual. The
calculated visit ratio and the assumed
processing speed of processing elements
bacome the input parameters of Buzen's
alrorithm{21] .

The experiment showed followings: as
the number of gueries issved from hosts are
increased, the processing time increases.

And the system is saturated when the number
of different queries are over 20. The
porformance of MRDM is dencted as the solid
line of Fig.8 which indicates the processing
time per a guery.

Rdditionally, the representation of
relationa, that showld be transferred among
the processing elements in HRDM, is congidered.

The gquantities of moving data on the
interconnéction netowrk hawve a great influence
on the performance of the system. As the

©

s ,prof

HARK ¢

@
RSET . @
rofa"Jiw.Che"

©
©

class="FLh,p"

ARR
C

JO
® lpO;[h

2,156,13/0 HARK s.class.st#,name
2,15,8/0 MARK l.ch,st#
2,14,12/6 MARK c.c¥.prof.
2:13,11/0 RST s.class="Ph.D"
2,12,i0/0 RST c.prof="J.W.Cho"
2,11,9/0 AERR g

2,10,7/0 ARR ¢

2,9,3/0 RET sg.st#

2,8,6/0 RET 1l.c#

2,7.6/1 RET e.c#

2,6,5/0 JOIN l.c#=c.ch,pl
2.5,4/0 ARR 1

2,4,3/1 RET l.sth

2,3,2/0 JOIN s.sté=1l.stcH,p0d
2,2,1/0 MRE 5

2,1,0/0 RET s.name

Fig.6 Query graph of Query 2

quantities of data en L-ring becomes larger,
the processing time of queries becomed longer.
The comparison of two representation methods
of moving data is presented in Fig.8. It

shows that the attributien-based representation
mathod has the definite advantage in terms of
the processing time over relation-based
representation mathod.
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Fig.8. The performance of HRDM

Instruction format

Function

MARK rl,al,aZ;..,ai

RET rl,al

RST rl,al,pred

ARR rl

JOIN pl,pl,pred,prté

Relocates the values of the att=-
ributes rl.al, a2, ..., &
from MU to Working Area in FP.

Retrieves the data stream of an
attribute rl.al and sends it to
the next operation.

Restricts rl.al and generates
the Arrange tokens without a
data stream.

Arranges the occurences in rl
stored in Working Area as des-
cribed in the bit-streams of
Arrange tokens which have
already captured by FP's.

Joing rl.al and r2.a2 received
from p0 and pl, respectively
under the predicate and
generates the Arrange tokens to
the next operations.

The objective relations of the
Arrange tokens are determined
by the value of prté.

They are rl, r2, and both
when the value of prt# are 0,
ly, and 2, respectively.

Table 1 . The base language instructions of HRDM
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5 COMCLUSIONS
HRDM {(Hierarchical Ring based Relatiomal
Dataflow Database Machine) distributes whole
datohase into a set of functionally independent

databases. The partition of database partly
solves the degradation problem of system
performance caused by the contention for
resources. The hierarchical ring structurs
of HROM is motivated by this.

HEDM serves as a database server in a
computer network. All hoests in the computer
natwork may send packets of gqueries to HEDM
in the form of a base instruction languace
guery graph.

HROM executes the Join operations in the
linear time using a special purpose device,
called J-ying. In processing queries, all
basic cperations in gueries are performed
using the dataflow concept.

And the flow of data between the eperations
iz implemented in the form of stream, whosze
elements are instances of an attribute in a
relation. An experiment to measure the
processing time of HEDM shows that the
attribute-based representatien method can
reduce total processing time of gueries bhan
the relation-based representation method.

All eperational mechanisms previeously
discussed have been simulated in order to test
the funetional behavior of them. The
perfomance of the proposed gystem was
maasured. And HRDM is being implemented.
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