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The architecture of arn ieplementable
relational DB¥S is discussedy the meta-database
for wnich is organizec in the torr of a set of
text tablese Fethodology for working with text s
shown (including automatic <coding)y as well as
serant ic text controle A schematic example of 23
meta-satabase is showne.

At the start of the 18940%s -~ the time of ¢the development of
COBCL == the neeg to separate data attribute description from the
description of cate proc=2ssing procedures became apparente.

Recently it has become obvious that the nucleus of any database
managemert system (DB¥Z) must be a funoc of system informat ion
concernirg the database [1]e To this fundse in particulars belong the
catabase schemas (conceptualy, internal ano external) anc the
cict ionaries of textual information, which are together callec the
meta-databasee

For a relational DBVSy textual information includges not only the
names of attributess domainsy and relationships accompanied by their
schematic features (and the synonyms of these mnames)y but also the
names of such "non-stancard® entities as the document forms supported
by the ocata 1nput systewsy 1{Interpretable concitions for database
semantic 1integrity [2]y Iinformation on users etce In this regard, a
separate problem arises in organizing storage anc text processing for
constructing the meta-database. A solution to this problem is used in
cgevelopinrg a relational hybrid DBMS [3-51.

Tre idea to separate text information according to storage type
nas alrecacy Dpeen proposeds by way of exawpley for working with
cfctionaries usec tor processing messages ¥n natural Language 1iIn
factograghic {information retrieval systems [€l)ly as well as for
relational DBM3S [713, fin orcer to provide <convenient storaye and
effective rmemory utilization. However the wethcd describec below for
processing text presupposes not only the effective “convolution® of
text wvaluess but also (this has apparently not been previously
proposed) supports the reliacility and sewantics of text data in
implementing a relational DBMS.

Texts in a catabase are organized Iin the form of system name
tablesy 1ie.ee grouped 1into (text) domainse Text valuessy which are
names of schema elements (attributesy domainsey relationsy tests etc.)
are stored ¥n special system tablesy which are called schema tables.
ALl text tables in the database are organizec ¥n the same w2y,
iees identical in constructione However schema tablesy in addition to
their pasic componenty contain additional dinformation on actual
entities from the given tablee. Using such an approachy the
meta-databases as recommended In [1]y §s an integral component part of
the database. Thusy as comparec for example to [8]s the meta~database
is actually used for providing data inteyritye.
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A traditfonal stage in constructingy an information processing
system is still ~ctassificatfon and coding™. The system being
discussea here implements automatic coding of all text values, thereby
making it possible to avoic manual cocinge. For each texty a
three-byte hash coce rancing from 5 to 1577215 (=224 =1y 1is generatede.
The fourth byte serves as the collision descriminator and in this way,
each text is given a unicue four-byte code in fts text table (in its
domain), (hNote that in our hash—function testy there wmere no
collisions in coding domains consisting of 10000 actual texts with a
tength of from 1 to 256 bytese The test utilized documentation texts
for the CBMS being discussed herey which were stcred in direct access
volumesy and set up for editing and printinge) In all user retlations
(and In other <catabase tables) are stored not texts but their
four-byte <codess in so far as all numerical attribute wvalues stored
in the relations also take up a fixed number of bytes, it s clear
that all user relations have identical structure -- Llines of constant
length.

This kind ot database organizationy teee user relationsy iIs wvery

convenient for executing any operation on the database. This
simplicity is attained because of the “complex"™ organfzation of
meta-database text tables. The records of these tables are of

varfable Llengths which is determined by the length of a text value,
the number of declared synonyms, and other information.

Self-containea text storage makes it pcssible to "explatn® to the
system the semantic equivalence of syntactically different text
valuesy 1.e. intrcouce the ccncept of syncnymse Examples of these
values include "yarko-zelenyi’ ([®"bright-green®3l, *yarkozelenyi®
[L"brightgreen*ly and *yark/zel" U["br/gr*l. This tyope of text
variation 1Js natural {n dinputting information from actual (and not
specially set-up tor punchinc) cdcocumentsa Thus all semantically
equivalert but syntactically non-fdentical text wvatues must be
represented uniquely in the database =-- by some kind of reference
Letatlonnyil wvaluee. Cn the other hanay ir order to inform the system
ot the complete set of walues equivalent to the given valuey, certain
special facilities are essentfal -- a synonyeic apparatus. Terms that
are convenient and natural for the actual user are used as synonyis.
A sufficient number of synonyms (up to 254) are allowed for each
reference texte. ‘

The system cescribec here for processing ano storing text wvalues
has macde 1t possible to maintain semantic integrity of text domairs,
including database security in the event of errors in the textse For
this reasony before (ocading the 1{information (for exampley from
documents) the wuser relations must be 9independently filled with
relevant text domains by reference text values and their appropriate
synonyms. Dynamic modification and augmentation of these domains 1is
likewise subsequently executed incependentiye. Thus 4t is assumed that
all newly entered texts (the first time being the only time) must be
visually checked.
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Text domain support in actual oractice is a respcensibitity cf the
administrator for the actual application; for this purposey, he has at
his disposal special utilities and forms for infcrmation input.

Any text attriobute value entered into the database is checkeac by
the system for its existence (in the form of a reference Letalcnl or
synonym) in the relevant domain for the given attributes A text not
found 1iIn the domain is considered to be an error. Upon finding the
text Iin the comaing the synonynmic apparatus 3always Llocalizes the
reference text anc its system cocee It is the actual code that is the
representat ive of the whote set of semantically equivalent values in

relational DBMS operations that interpret the calculation of the
relationse.

As 2 ruley it is only possible to get a reference value fros the
databasee. Howevery if necessaryy one of the synonyms may be declargd
to be a "verbal name” which way be given insteao of the references by
special requeste For exampley the reference "Latvian SSR* may have
the synonyms ®"Latvijas PSR"s *Latvias L3SSR"y and the wverbal name
"tatvian Soviet Socialist Republic®". 1If tor each reference value a
verbal name s given in another natural languages then the entire
system may work equally well in two Languages.

It should be noted that in the [BMS described herey the concept
of comain §s used only in connection with the organization of storage
ang text processing. Domains are treated as named abstrsct
{(fnterpreted) data types (compare with [S1y for example) and in the
meta—-database for each domain, all information describing the ocomain
is storece. It ¥s possible to give the range for numerical Lase typesy
for exampley complete divisibility for the base type "integer®™ etce.
Thus dcmains with completely corresponding characteristics Gtut
cifferent names are treated as cifferently interpretec cata types (a
traditioral example are the types "height® and "weight®: base type
"integer"y range 1-250)y which makes it possible to reject
semantically 1llcgical operations on relaticrnse.

With the meta-database organization as described herey it is
possible to automatically test data entered 1into the system for
correspondence tc all characteristics of the relevant domainse. In

this ways stored cgata is dynamically matched with its description in
the meta-catabasee.

Yo fllustrate the architecture described herey 2an example diagranm
is giver (cfe drawing), in which the technical details are omitted,
with hash-code text value (only for illustrative purposes) considered
to be the hash-code'’s first three symbolse. (Actual hash codes :zre
assigned in the following way. Prior tc¢ hashings the text 1is
normalizedy 1d1eees all semantically valueless gaps are removed from the
text. Then the text is decomposed into three-byte flelasy which are
treated as integer numbers. These numbers are summed upy to which is
added the tength of the texte The result is divided by the 1{integer

-21-



nurber closest to 224-1 which is the prcduct of two prime numberse.
The remaincer from the civisior is the hash coce.) In atll the text
tables for the reference value ("e")y a List ¢cf synonyms is shown if
they existe as well as incicaetion of a3 reference for the synonym
{"s")e The inverse List of relations,y to the schema of which belorgs
the givenr domain, is shcwn in the domain tabley and the List ot
attributes and their corresponcing domains that belong to the schema
ot the given relation s shown In the relation tablee. (fFor
fllustrative opurposeses it s assumed that the names of attributes
correspord to the names of their domains; this 1s gererally not so.)
Cther schera flelcs in tne system tables are ncot shown 1n the example
so as not to overload the diagram (such as a List of documents from
which the actual relations may be filled; a8 Llist of paraweters
cescribirg tne domain as an abstract (interpretable) cata type etcede.

The catabase schema iIncluces:

dorains:
year reccrd ®as set take integer values (base type Ts)
number ot student card

type of sport
stadium take text values (base type T)
student surname

retations:
SPORTING ACTIVITIES (number of student cards stucdent surnames type of
sporte stadium);

RECORD KCLDER (type ot sports year of record sety student surname,
number of student card).

Basic table organization and organization of dinformation {nput
from documents is discussed in more detail in [44 S]Je In the proposed
relational DBMS architecturesy system tables, Yeee domain description
tablessy relation description tablesy text attribute walue tables,
inverse tables etc.y are the actual meta-database. With this kind of
organizations 1t §s comparatively easy to modify schewma information on
the database (which is unavoidable)y meanwhile preserving application
software indepencence from the data as recaommenced 1n [1J. (In
particulare automatic "tuning® of document {nput prograes (41 1is
provided for changes in schema characteristics related to the relevant
domains and relations.)

-22-



Meta-database

Domain table

------------
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—{TYPEQ| £ |TYPE OF SPORT|---|2|ACTo|RECO]-+- [T
YEARG| E | YEAR RECORD SET[o-- 1|RECg ==~ |Ts
'NOOG| S| H | Numg |
NUM, | E [STUDENT CARD NUMBER|NOOg|STUg| -« [1|ACTg|«-+|Ts
STA | E|sTADIUM]- - [1[ACT, .- |7
STUg | S |STUDCARD [NUM,
—ISURN | E {STUDENT SURNAME[FI10[--[2]ACTg[RECG|+-- [T
F10q | S|F10[SURNg
ACTq |E |SPORTING ACTIVITY |4 |NUM|SURN, | TYPE | STA |+«
REC, |E [RECORDHOLDERS |4|TYPE | YEAR | SURN, INUM |- -
Text value tables
l TYPE, ISTAO SURN,
SKA [ | skaTInG | DAUQ |E | DAUGAUA IUAg |E | IVANENKO
EQUo |E | EQUEST. SPORT[EQSy| [OINg |E | DINAMO IUA1 |E | IVANOV
EQSy [ s | £s|EQup] IPPy |E | IPPODROM | [KONg |E | KONNIKOVA
TRAQ |E | TRACK AND FIELD SIDg |E | SIDOROV
SKIg |€ | sk1ing] STAg |S | STARDSTA |YANSQ
YANS |E | YANSON|STA,
Database (user relations)
ACT, REC,
7901] TUA, | TRag [ DIN, SKAg 1976 | TUAq |7615
7902| TUAQ| NULL | NULL EQUg J1979 [YANCG [7905
7903] S1%)] SKI, | DAUg TRA, 1970 | SKAg |7047
7904 1Ay | SKA, | DAU, SKIp {1973 | 1UAg {7328
7905 YANS0 EQU0 IPP0 ...........




It is obvious that the architecture described here is not bound
to an actual ogphysical organization of reccrds on <cirect access
cevicess It 1s only required that access to records be possible
sequent ially as well as bty key.

The software implementation of this hybrid relational 0OBMS [3-3]
uses the architecture gescribed hereine Data are physically stored in
a “"dynamic page space”™ [21y organized on the B tree gprinciple. This
kind ¢f physical organization 1s currently recognizec to b2 wvery
convenient and efficient [101.

The approach aescribed heres providing a uniforw organization of
all retational DBMS meta-database system tables and making allowances
for date semanticsy is probably a new onei this completes a
non-trivial development stage for relational DBFSe The meta-database
architecture discussed here is for the most gart implemented in PL/1.
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