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Abstract

This paper describes a method for relational algebraic
operations used in Knowledge Base Engine (KEE), wvhich is a
hardwvare attached to a knovledge base machine, PFPFJ. PHi stores
large numbers of facts as relations and translates queries
expressed in Horn clauses to a sequence of relational algebraic
commands. Then the relaticnal database management =system
within PHi executes the commands. The major task of KBE is
comparing various tuples. KBE gives arelationan index made of
superimposed codes in order to executle algebraic operations
effectively. A method for relational =algesbraic operations
using superimposed code is presented, and the performance

evaluated.



1. Introduction

To realize high-level knowledge processing, it is necessary
to develop a technology to manage a large amount of shared
knowledge, In the Fifth Generation Computer BSystems (FGCS)
project, an experimental distributed knowledge base system,
PHI, is being developed, in which some knowledge base systems
are connectzd by a network [Itch 86). The system can provide a
user interface that seems to be a single knovledge base system

logically.

Each site of PHI system contains a relational database
management system (XKDEM3) as a kernel, vhichmanages knowvledge
as relations. The RDEMS has special purpose hardware called
knowledge base engine (KBE), to execute relational algebraic

commands.,

This paper describes the performance evaluation of the
superinposed code scheme for relational operations as well as
how to realize relaticonal algebra in KBEE, Section 2 give= an
outline of PHT zsy=stem and ¥BE. Section 3 explains processing of
retrieval in KRBE. Section 4 gives an evaluation of this method

from the viewpoint of processing steps and disk read time.

2. PHY system

PHI system conszists of cne or more knowladge base machine
PHi's linked by Ethernet-bazed LAN., Ths system and a host
inference mochine (FSI) are alse linked by the LA, We

introduced a Horn clause interface betwzen Pl and host machinn



or among FHL machines. FH1 machine i3 implemented on FSI, in
which KBE is optional. KBE is special hardwvare 1o exacute
relational algebraic commands for knovledge information

processing quickly.

2.1. PHi machine

The knowledge base control and management technology is
being developed incrementally, based on the database
management techneology. In this approach, PHi machine has a
deductive database in its kernel, which is a relational
database management system with a deductive mechanizm. The
software of PHi machine consistz of the knowledge baze manager
and the distributed environment manager, which 1links knowledde
tase managers and provides a user interface that appears to be a
single knowledge base system. The knowledge base manager has
two layers, a knowledge management layer and a relational
database management layer. The relational database management
layer is a relational database management system, and the
knowledge management layer has a deductive mechanism. The
knowledge base manager provides the Hern clause interface

(Figure 1).

The knowledge management layer deduces a query represented
in the form of a Horn clause, and translates it into relational
algebralc commands that can be executed in  the relational
database manadament layer, where the optlional RBEE can axacutes

thess commands effectively.



2.2. Knovledge Base Engine (KBE)

In PHi machine, it is assumed that about tens of thousands of
tuples will be stored as a relation. In the relational database
management layer, the algebraic commands should be executed
quickly. The knovledge management layer produces al gebraic
command sequences comparing tuples or attributes in tuples,
and sends them to the relatiocnal database management layer.
Decause of a recursive guery, command segquences may contain

retrieval operation, set operation, and unique processing.

In KBE each relation has an index table. The index is used to
reduce the number of tuples to be processed in later steps. An
index table iz a set of index records, each of Wwhich corresponds
to a tuple. An index record has twe entries. One entry stores an
index value called a superimposed ceode word (SCW). The other
entry stores a pointer to the corresponding tuple. The index
value is derived from the corresponding tuple's key

attributes.

KBEE executes an algebraic command in two phases. The firest
phase extracts candidates from a relation. The second phase

processes commands for these tuples.

Figure 2 presents a logical structure of KBE. The controller
is a processor that controls the behavior of KBE. The

accelerator is dedicated hardware that compares index values

quickly.



3. Retrieval using superimposed code

This chapter explains how to make an index, demonsirates

retrieval withit, and discusses the optimum index parameters.

3.1. Index creation

To retrieve large amounts of text data, a method using the
superimposed code was proposed [Roberts 74]. This method
assigns index records with superimposed code words {5CWs) toa
record file that has multiple key words, The method can provide

powerful partial matchretrieval.

For quick tuple retrieval, an index with SCW was introduced

in KBE. An index value iz derived az follows:

Suppose a relation, R, consists of N tuples; R = {Ty, Tz, .., Tn}-
The relation R has r® key attributes. To compute an 1lndex
value, a hash function is defined to map attribute values to
codes called binary code words (bew) according to data type.
For a given tuple Ti the index value is produced as fellows:

(1) The value of each key's attribute of Tl iz transformed 1o
the baw.,

{2) All bews derived are ORed together.

The result of the OR operation is a superimposed code word, an
index of Ti, The index table of R 15 produced by palring lndex
values and a pointer to the corresponding tuple for all tuples

of B. Figure 3 15 an example of the index table.



3.2. Ietrievel using an index

As explained in 2. 2., an index table isused for retrieval. In
retrieval query g , r? key attribute values are specified as a
retrieval condition. The first rphase, PHASZL, eXiracls
candidate tuples that satisfy the retrieval condition
comparing index values with a binary value, called a query
mask. The PHASEZ examines the contents of each candidate to

take out the tuples satisfying theretrieval conditicon.

In more detail, query mask, Q, is computed from the set, S, of
atribute values specified 4n the retrieval conditien,
analogous to the way in which index value is derived. Firsi,
hash function maps each element in Sg inte a bew. The query mask

is derived from OR'ing together the rdbcws.

If @ and any index value S5i daoesn't satisfy the following

expression (¥), the tuple corresponding to the index record

can not satisfy the query.

As the result of the FHASEL, a collection w of tuples vhose

index value Si =matisfy the expression (®) is extracted. The
PHASEZ examines 7 so that the tuples which satisfy the

retrieval condition can be picked up.

3.3. Design of index parameters

An index value is assumed to have uniform distribution. Then



plarops) which is defined by equation (#):

p{drops)
~ (the number of ¥ elements /the nunber of all tuples in R) = ()

b
=3 (b, k, 9 x) plb, Xk, rk, x)

%=l
X rl
(b, k, v x) = (-1)*pCx Z (~131 «Ci (iCk ~ bCk)
{=0
X _ rk
p(b,k, rf x) = T (-1)* xCi (p-iCk/ bCk)
1=0

p(drops) can be computed using parameters b, k, rf, r? [Roberts
¥8], where r? i3 the number of key attributes in the relation, r
is key attributes specified at retrieval condition, b is the
length of bewand k is the weight of bew. This section discusses

optimal value of k. b and k are parameters that specify index

nature,

As shown in Figure 4, when b and r® are fixed the transition of
p(drops) according to k's value is ezamined. The result is that
the more r9 increases, the more p(drops) decrecases. Hence, the
more the number of key attributes specified in a query, the
fewer tuples that satisfy the gquery. The number of tuples
satisfying the query is maximal when r9=1., Thus, the
optimization of value k is most important design criterion. As
can be seen in Figure 4, this optimal value of k does not change

in other curves.

Maext, as shown in Figdure 5, the transition of pldicps) in the

cass of ri9=1 accordint to k's valus vhen b is fixed ig sxaminca.



The result is that p(drops) increases in proporticn te rf. Hence,
if the number of key attributes specified in a retrieval
condition is increased, the number of tuples which do not

satisfy queries is expected to growv.

Mext, the value of b is set in preportion to rf. Figure 6
illustrates the transition of p(drops) in the casze of
b=r®«16, 24, 32 and rf=2, 8. The value of k that minimizes p(drops)

is in this range. It is clear that if r9 15 a constant, then the

transition is very small, within

1/, = to/rhy e x e @, 5% (bR).

Therefore, k should be set in this range.

4. Estimated processing time
This chapter estimates the cost of retrieval processing in

KBE, and compares it with the costs using the hash table or

B'tree. In KBE, the retrieval operation 1s the operation
executed most often. The relational algebraic command sequence
is optimized by selection-first strategy in FH1 machine.
Therefore, the execution cost of retrieval command affecis the

entire execution c¢ast of PHiI machine.

Here, a retrieval is executed to select all tuples satisfying
a retrieval condition, and in the condition, some attribute

values are specified and ANDed. When a retrieval command is

aoplied to a relation that has a hash table or B iree index of

&



key attributes, it 1s done in two phases as in the SCW method.
The first phase, PHASE1l, selects tuples that match one key
value specified in the retrieval condition, called candidate
tuples. The second phase, PHASEZ, tests the candidates and
determines tuples satisfying the retrieval condition

completely.

4.1, Comparison time

This section estimates the comparison time to select
ecandidate tuples, and evaluates the effect on retrieval. All
index records must be tested in the SCWmethod regardless of the

nunber of tuples inarelation.

When retrieval is performed for N tuple relation, the FHASEL
should test index records N times. The number of comparison
steps to select all candidates is HN. When retrieval 1is
performed for the relation that has hash tables, only one
access after hashing is reqired to select all candidates. One
comparison step is reqired to select all eandidates. For the

R'tree, the number of comparison steps to select all candidates

{2 Constant * logeM (B = number of branches).

Therefsre, the number of comparison steps of each methed is

estimated.
«50W index method : M
sHaszh table methed = 1

el tree index mothod : Consztant® logaM (Bzmunber of brancheos)

Obyisuzsly, the 2CW method fivaes the largzot munber of stepo.



The following values are assumed to estimate the order of

comparison time.

Parameters

Number of tuples (N) y 2lf

Frequency of comparing one index value (r): 1710

Compariscn time : 10 " 107 nsec

Here, £ is set to be 1 to 10, since the limitations of the

register size of the accelerator forces to compare an index
value several time occasionally. The order of eachmethed is

0(SCW index method) =101 - 10 msec

O(hash tablemethod) =10 ~10° nsec

O(RB'tree indexmethod) = 107! ~ 10 usec.

The total comparison time with the hash table or B'tiree is
negligible to the disk access time which is in the order of
milliseconds. Because total comparison time with SCW index is
larger than other methad, an accelerater is used toreallze the

high-speed index processing in KBE.

4. 2. Estimated disk access time

This section estimates the time to read candidate tuples from

disk hardwvare in the PHASEZ.

The felloving parameters are used:

12

: Averade seek time {msec)

r: Rotational latency (msec)
d: Disk transfer time (mssc)
P: Page size (Byte)

H: Mumner of tuples Inarelation

LB
™,
-



n : Number of tuples satisfying a query

In the SCW method, when p(drops)« 1, the same number of pages as

candidate tuples will be read. Candidate reading time Tuple for

disk acce=zz is estimated as tollows:
Tuwple = N ¥ pdrops) * ( s+ r+ P/d)

in the expression, N * pldrops) = Ne 1s the expected number of

candidates in the FHAEEL.

Figure 7 shows the disk read time. In this figure, the axis of
+he abscissa is the rate of n 1o N. Here, the following values

are assumed:

eDizk
=+ 1 = 2B msec
d = 1KBytes/msec
F = 4 KBytes

oNumber of tuples inarelation: 2%

sIndex value length: 16, 24, 32 bits per atiribute

For b/r® = 24, 32, .. the disk access time toread candidates is
represented by curve Lo. For b/rt = 16 and x =1, di sk access
1ime 1s constant up to a certaln polnt as shown in Ly and Lz. For

r?3 2, diskread time is represented by curve Lp.

When tuples are retrieved with the hash table or the B'tree
index, candidate tuples are selected by using them for a single
attribute. Hext, the candidates are tested to see whether they

satisfy the query. Candidate hit ratio PHIT is defined as

follows,

i1



PHIT = (nuwnber of tuple satisfying query /
number of candidate tuples)

With PHI7, the expected reading time, Tupre, for candidates

can be calculated as follows:
T!‘.uples'“ n*{s+r+ FAd ) o~ PHIq.

According to this expression, Figure 7 explains the disk

access time for PHIT = 171, 1/2, 174, 1/8, 1/16.

In SCW method, for r? : 2 the disk access time follows Lo. In
other methods, PHIj is expected to decrease as rf increases. If
the number of the tuples satisfying a query exceeds a certaln
threshold then the SCW method is better than the other metheds

in terms of disk access time to read candidates. As FHIy

decreases, the threshold value decreases. In other words, the
performance of retrieval by SCWmethod is expected to be better
than other methods as the number of key attributes specified in

the retrieval condition inereases,

5. Conclusion

This paper described an outline of KBE and a method of
relational algebraic operations. KBE is special hardwvare for
executing operations in PHi machine. An index scheme based on
superimposed codes 15 adopted, with which the rapid execution
for those operations is porformed effectively. An index table
is a collection of index records, and one index record
corresponds to one tuple. Tha index record has an index value of

one superimposed code word., The following constralnts should



be satisfied for designing the index scheme.

(1) The length of the index value b should be set in
proportion to the number of key attributes r® in the

corresponding relation (b=b" " rf ).

(2) The weight of bew k for the index valus p(drops) should
ke set in the range of

1/ (b/rR) £k ¢ 2/ q" (b/1R)

+o optimize the performance.

The cost of the index comparison time in our methed is higher
than other schemes, (hash tables, B*tree). However, the
retrieval is expected to execute more effectively if the

number of key attributes specified in the retrieval condition

is larger.

The parallel processing approach may solve the comparison

time problem. This wil be a topic for further research.
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Appendix Execution schemes of other operat ions

This appendix describes how to realize relational algebraic
operations in KBE. These cperations are frequently used to

process arecursive gquery.
1) Unigque operation

Here, the operation that deletes duplicated tuples in a
relation is considered. The operation is executed in two
phases. The first phase divids the ralation into several groups
so that duplicate tuples exist only within the same group. The
second phase compares tuples in each group, and deletes

duplicates,

Figure A-1 lllustrates the grouping of a relation. Here,
tuples are grouped so that the tuples that have the same IndeX
value are in the same group, Because two tuples that have
different index values are different, 1t is enough 1o compare

tuples in each group.

2) Set operationand implication check

It is necessary to detect duplicated tuples betwesn tve

J4



relations when set operations or an implication check betwveen
relations are to be executed. The opsrations are executed in
two phases. The first phase is common for these operations. The
first phase groups tuples according to the colresponding 1ndex
value, as in the unique operatlon. Hext, twvo groups that have
the same index value are paired as illustrated inFlgure A-2. To
detect Aduplicates 1n two relations, 1t 15 enough to compare

tuples petween palred groups.
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Figure 7 disk access time
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