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HexoToprie acriekTsl OpraHudalMM MacCHBOB H CTpaTerud
noucka B GOAbWHX HHGOPMAUKOHHEIX CHCTEMax

B pafore paccMaTpHBAKTCA MeToAb OPTraHH3AlHH GONLUIKX HHbOD—
MAUIHOHHEIX CHCTeM. CneunanbHoe BHHMAHHE YOeNAeTCH OPraHH3ALHH Mace—
cHBOB., bBonee moapoBuo paccmartpBaeTcs ajanTmpylmascs CTPyKTypa
maccupa, [lanHas MerooMKa NaeT BO3MOXHOCTE OPraHH30BATh CTPYKTYDY
MaccHpa TakEM o6pa3aoM, YTOGH NP yBeMHWeHHH o6bemMa MACCHBA MH—
HAMH3HPOBATE BpPEMS OTBETAa.

B cBE3K C 3THM paccMaTpEBAeTCS CTpPATerHs NOHCKA, HCHOMLIYIOWAS
YaCTOTH [AECKPHNTOPOB H YACTOTH AP OECKPHNTOPOB A/l NPOrHOSHPO—
BAHAH YHCJA PeJIeBAHTHHIX AOKYMEHTOB,

Ha 6ase sTHX MeTONOB cosaaHb MPOrpaMMEl, KOTOPHE HCIIONBL3YIOTCA
B UTIC OH aH.

PaGora pHnonsena B JlaGopaTophd BLIMHCHHTEALHON TeXHHKH H
aBTomara3anmn OUSIU,

MNpenpurt O6LeANREeHHOro EHCTATYTA AACPHMX Eccaegonannil, NyGua 1977

Arnaudov D.D., Govorun N.N. E10 - 10551

Some Aspects of File Organization and
Retrieval Strategy in Large .Data-Bases

The methods of organizing a big information ret-
rieval system are described. A special attention is
praid to the file organization. An adapting file struc-
ture is described in more detail. The discussed method
gives one the opportunity to organize large files in
such a way that the response time of the system can be
minimized, when the file is increasing.

In connection with the retrieval strategy a
method is proposed, which uses the frequencies of the
descriptors and the couples of the descriptors to
prognose the expected number of the relevant documents.

Programmes are made, on the base of these methods,
which are used in the information retrieval systems
of JINR.

Preprint of the Joint Institute for Nuclear Research.Dubna 1977

© 1977 O6vedunennsii uncCRURYR 20ePHMX uccaedoeanuli Jy6na

The problems of the organization of Information Retrieval Systems
( IRS ) are complex problems,which are connected with the retrieval
of various information ( not only scientific one,but economical,
military,medical as well). In connection with this fact one can
find a great deal of questions, related to storage,retrieval and
transfer of informatin.In the process of solving these problems, we
must keep in mind,that they are characterized by a big volume of
information,and at the same time,by frequent accesses to the external
devices.In this case the response time of the svstem is determined
mainly by the access time.

We shall discuss two main problems,which are of great importance
to the realization of the IRS.

The first problem concerns the file organization,and is especially
important when a file is so big that it is impossible,or at least not
economical,to retrieve each element of the file for checking the needed
correspondence.This is the most difficult aspect of the problem,which
causes the difficulties,connected with the coordination of the memory

space and the response time.It is necessary for the practical solutionm



of this problem to organize such a structure of the file,which will
satisfy the specific needs of the retriev&l,which comprises such
aspects as response time, query logic,type of the external memory
device and so on.

In connection with this appears the second problem,which is re-
lated to an efficient retrieval strategy.Here we must note the
questions of a preretrieval prognose of the number of relevant docu-

ments,methods of archive strategy, etec,

We have already noted,that the problem of a file organization
comes imto view, when it is difficult to coordinate the memory space
on the external devices and the response time.These difficulties may
be solved on the base of constructing a selfadapting structure,where
the levels of a hierarchy of the file's directory and the size of the
segment (zona ) can be dynamically changed in the process of file
increasing according to a special criteria.Then the ratio between

the time ,needed for retrieval of an element of the file,and the
volume of the needed memory can be regulated.In the work /2/ we
have shown, that improvement of the time characteristicsof IRS may
be achieved on the base of combination the characteristics of the

inverted and the multilist structures.In this case a partially inver-

ted multilevel hicrarchical organization can be built,

In this parer we shall discuss the main features of this method,

the opportunity to create an adapting structure of a file

by means of adapting two parametres of the structure; the size of the

segment { zona ) and the number of the hierarchical levels of the

fiie directory.
y

In fig.I a partially inverted structure of the file is shown,
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The dick memory of files OMPOD,HZD,OHD is divided into logical par-
titions , called "zonas".In particular,the list nodes in OMPOS file,
for instance,are positioned in such partitions.It means,that each
list is localized in such partitions,i.e.,in zonas.The directory of
the file ( files OMD and 17D ) has hierarchical three leveled structure.
In the MZD file are mathcred the list heads of the OMPOD file,and in
the OMD file are collected the list heads of the MZD file,This file
structure is well described in the work / § /,éo we shall discuss the
exprecsions,needed for a calculation of the response time,connected
with the access time of the structure,For the better explanation of
this fact a table is given ( Table I ),where the main characteristics
of the file,connected with the query,computer and the file itself

arc represented.

The average rcotrieval time of a file structure with one level
of the directory ( a pure multilist structure ),two levels, and three

levels,can be calculated according to expressions ( I - 3),

7:,£/=4/Zn+fta) ; /1)
Tty = Comn T2y + Qomrop Ceomeon 125 5 (2)
Ttz = Cuomp 72, * Omzn Cucrezp T2, +
+ Qomepn Cx omrop 71’.3 . (3)
Parametre TZ expresses the access time of a zona.

In fig.2 the function L = f ( Nr ) is shown,

In fig.3 1is shown the variation of the size of the sona ( Z),

Table I

N — Nurmber_of a’escméolors (Keys) /in Voca!u/ar'z
Z—Size Segment (zona) in physical recotds
V — NumbBer of distinct descriptors /n file
Ny — NumBer “of Records (docurnent s) in’System
Ny — NumBer ?" Heys/ Record (AV)
L — pverage List length(=Hzfl«)
Cnomp — 17 OM, Z
Ci = Zona//reg(z X =7 szpféﬁ )
Cx omPoD - 117 OMPOD frle
137 — Numéer of Zonas per Query ( = ,’i‘g¢ o )
134 onPOD
Ng — Number of Terms im a single Quéry (Av)
Np — NumBer of Nonnegated Terrns in a
single (?uerzy [AV)
Ls — Shortest 1ist Length in Ruery
§ — Ralio of Query Response ro Ls (RV)

p — Ratio of ave/'cge number of zonas in
Response per Query /rn OMPOD f1fe {0 (uxomp

(= =%222)

5= 13¢ MzD

Qono Ratio of average Number of Query
a jamzp }- Zonas /n Response Io Cx

Qoreop 23 - 'Zggom)
(0 oMD = %’ > AnzD™ T;%,:Tm; Qonron Cxoreron
A — NurmBer of Fite Record Addresses
per DASD

 [tp—Randorn Access time of DASD
ts ={t,— Rotalion time of DASD
tmp— Transfer Rale of DASD
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when the average length of the list is increasing.The point L* ex-
presses the maximal length of the list ( respectively the file ),“hen
Zmax is achleved.In practice,when a certain computer is concerned
always there is a moment,due to the memory space,when one cannot in-
crease 2 anymore.Then thne charactiristic/D ig getting to be very

-2

small ( IO - IO'3 ).In this case a file structure with ome level

more must be created.

All these problems are analyzed in the work /2/.We have experimen-
ted such structures,using the INIS database on CDC 6500,and we have
determined the optimal sizes of the zonas and the number of the le-
vels of the hierarchy.The file was situated on the 84I CDC disc de-~
vice. The experiments showed that a three level structure is good

for files with more than 300000 documents.

Next question which we would like to discuss concerns the opti-
mization of a retrieval strategy in large data-bases.We shall des-
cribe a method which gives the opportunity to prognose the number »f
the expected relevant documents in IRS,without procecding the actual
search.This enables the user to reformulate his query,if he is not

satisfied with the number of the answers he 1s expected to receive,

Let D stands for a definite set »f documents ( quantity of docu-
ments - K ),which are used to serve ( nueries,Documents are indexed
by descriptors from the vocabulary ,which ize is N.The clements ¢
are any strings of elcment: from the set N,connected by conjunction,
disjunction and negation.

Let R stands for a function with values in B (wvhere ED means a set
of all subsets D ). Then each query q € D 1is put in correspondence
with an element from ED s, which is called an answer to the query a.

Keeping in mind all that,an IRS can be formally formulated as a

set of a definite set of documents D,descriptor's vocabulary N, fun-



ction KR,and a quer; lancuare Q.4n information retrieval system is
vortially erranc-rd,if in the set § z transitive and unsymetrical

rolation ¥  is :etermined., In this case,if q€Q and S € Q,then
n& S, if oAS = g. Such relations are valid for the set 2P too.

*e say,that an information retrieval system is including,if
function R for o &S sives R( q ) > R(S),where ( q,5 ) € Q.It means,
that a characteristic "inclusion" guarantees the finding of all do-
cuments for a aucry S,which were found for a ouery q.It means,that
q is equal to S but only the descriwntor included in S, is excluded
in o.

In this case,using a gquery q,more documents may be found,which
vere not found for S; then R(q) is bigger than R(S).

These characteristics of the system were used for the solutiom
of our problem.. ¢ must add two more identifications: R (q) and y
vhere R (q) means the expected number of relevant documents { we
must remind,thst R{a) is the exact number of relevant documents,
found after the actual searching vas done),

Identificator jﬂ stands for a threshold number of the expected
documents,It means, that if as a result of the prognose R (a) do-
cumenls are expected to be found, and i(q) > y sthen reformu-

lation of the cuery ic needed.

In this case the prognose problem may be defined by two unequations:

R() €Y (1"

R >Y 2"

When (1) is true,then a guery is considered to be 'correct",and
it is retrieved by the system.But ,if (2) is true,tﬁen a query must be
reformulated.
We must note,that as a first step in the solution of the problem,

- ”
as an answer R (e([ ),the frequency of the descriptors in the database

10

f( i*) is used.By the way,in a table are gathered only those f(i*),

for wkich the uneauation (3) is true.

f(1%) >¥, (39

If after investigating all of the f(i®) for the descriptors in a
concrete query q,is found,that among them is at least one descriptor,
whose

f(i*) €Y for i*=I.. S ¢ 3%
then a query is considered to be correct, and it must be retrieved by
the system.In this case for f(i*) in{3") the minimal frequency of the
descriptors in the query is used,But if (3") is not true, then all

the possible couples of the descriptors in the query must be investi-

gated.
Our experiments/e/ show, that for cueries,containing about four
descriptors,it i1s enough to use the couples of the descriptors for the
prognose.

Using this method a programme was written for the information

system of JINR,which prognoses the number of relevant documents.
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