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Abstract .COXEDEAHKE , Streszczenie

In this paper the following problem is considered: Givem n
"local® information systems BiresesBpy with corresponding query
languages L1....,Ln. Find an answer to the query in a "ceniral"
language L = UL; as a function of local answers (i.e. ansvers of
locel systems), Store organization related to this problem is also
briefly discussed.

PacupeeJeHHHe UHLOpMALMQHHHE CHCTEMH

B paGoTe paccMaTDMBAETCA Hpodiema, KaliM 06pa3oM HAHRTA OLrOT
B pacIpefefieHHHX HHIODMAIFIOHHHX CHCTEMAX HA OCHOBE NOMyHEILLL
QACTAYHHX OTBETOB U3 JOKAJBHHX CACTeM., KDAaTKO OOCyxNacees opra-

ausampA DaMATH, CBA3AHA ¢ 9TO# NPOCJeMOl.

Rozproszone sysiemy informacyjne

W pracy rozwaia sig problem, w jaki sposéb znales é odpowieds
w rozproszonych systemach informacyjnych na podstawie uzyskiwenia
odpowiedzi czegéclowych z systeméw lokalnych. Dyskutowana jent
xrétko réwniez organizacja pamigci zwigzama z tym problemem.




We shall deal in this note with the following problea:

Vle are given n local information systems 51,82,...,Sn.
With each system 3; there is associated an information lan-
guage LSi (or shortly I;). The language 1; is uged to
agk queries about some inforuwations contained in the system
Si. If t 1is a query in Li' then the angwer to this query
will be denoted by b_si(t) (or simply by 63(t)).

Wevmay combine systems 51,32,...,8 in one systenm,

n
which we shall denote by S, and call global information
gystem. A global information system S consisting of local
gystems Si may be assumed to be for example a net of the
systems Si' With the global gystem S we may agsociate 2
global language ILg {or in short L). The global language
L may be viewed as a certain combinafion of the languages
ii {local languages).

, The question arises whether we can obtain an answer to
the query in global language (global query), by means of com~
bining the local answers to local queries, that is whether

‘the answer to the query t may be presented in the forn

Egtt) = F(65 (69)sene, 65 (8))sere, 65 (1)),

where ti is a "projection” of the query t on the lan-

guage Li.

1)

The paper has been presented on the geminar led by
prof, H. J. Schneider in Technische Universitit Berlin
on Merch 6, 1979, ,
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That is tc mean that in order to answer & global query t
we replace the query % by some queries t1,t2,...,t n? re-
ferring to corresponding local systems, and afterwords we
form the gloﬁal answer from the local answers obtained in

this waye. For example, let us assume that we have information

gystems owned by insurance company , medical care, service bank

office, police elce In each such a system Wwe may answey specl-—

fic gqueries related %o the needs of the owner of the system,
1ike "list all persons with the seving account greater than
10 000 g" or " list all persons which bad a car accident in
1977" etc. Each such a query is related to specific -informa=
tion system, in which the relevant informatiore are stored.
However; 5t may happen that some system user may be algo in-
terested in obtaining informations from geveral various B8y-
stems, for example he may ask"whether there are persons who
have caused a car accident while being treated with some
drugs". This kind of queries cannot be answered by searching
files in only one information sysiem. This information is
distributed st least in two gystems: medical care system and
insurance cempany gystem (or police system). Thus in order to
get an answer to such a query we have to search for some in-
formation in more than one sysieme. of course the query langu-
age  of each local system does addmit such general queries as
given in the recent example..So we must also have an appro=
priate query language tailored properly to admit general
queriese.

The problem stated above 18 connected with anpther one:
whether every local user is allowed to ask general queries

or, in other words, whether any local user has access to
]

,
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informations stored in another system. If not and ihis is

widely used practice the question is how =~ restrics =ccess
to protected informations against an unauthorised ussr. This
problem will not be considered here, however we shall make
gome remarks concerning this subject.

Similar problem was also investigafed by Marek [j] s
however there are some essential differences in our approach.
We are mainly aiming at a logical analysis of distributed sy=-
stems and their languages, whereas Marek s paper was devoted
mainly to the problem of organizing"the data base machine".

We shall use standard mathematical notation throughout

the paper.

We shall use the basic notions concerning information
system after Lz].

1. Information system

In this paper we shall use the notion of an information
éystem introduced in [2]. Although the relevant definition
is rather simple and does not cover some interesting cases of
information gystem, howgver it expresses the most fundamental
features of <information systems and allows %o investigate

many basic properties of such systems.

By an information system we shall mean a 4=tuple

s = <X, A-V’ g:> Y

where
X - ig a finite set of objects,
A - ig a finite set of atiributes,

V= UA Vv, is the domain of attribute a (or the set of
ae

values at attribute ale




We assume that each atiribute has at least two valuese.

g - is an information function from I x A into V , such

that g(x,a)e v, for every xeX and every ael;

v, = {.ve Vo \,/: %(X,a)=vg.

Any pair (a,v), a€4, veV, will be called a descriptor

of attribute 8.
For any x€X, DY gx we denote a function from A
into V such that Qx(a) = g(x,a). Thisg function will

be called the information about X in Se. (Information about

x in .S may be also called the document about X in S

or data about x in Sle
For a given information system we introduce two binary

relations : “Y» Y defined as follows:
}
x ¥ iff g(x,a) = Q(y,a)

x ’SU y iff gng’.

One can simply check that both ~ and fg-f are equivalence

relations on X 8&nd

~ -7,

ael

where n is a product of partitions (equivalence relations)
defined in the usual Waye
. The relation fg’ will be alsc denoted by f}’. Similare
1y, for any A‘cA, 77 is to mean m ’%Vi .
aie,A
The family of equivalence classes x/fg’ will be denoted

by Eg (when X 1is fixed) and the equivalence classes will

-9 -

be called elementary sets in S {or, when S5 is fixed, =~

elementary setg).

Similarly, for any 8 €&, EA ig to mesn the family of

equivalence classes of the relation Y

Empty set ¢ and evéry set being an union of some slemeniary

sets in S will be called describable set in S. The class o

H,

an describable sets in S will be denoted by Dge.

2. Attributes -

Let a,beA be two attributes 1n an information system
S = <X., A, v, %7. .
Actribute b 18 said to be dependent on a (a = b) 11f
>~ c v
Attributes a,b are saia to Dbe equivalent (a =~ b)) irf
7= %" _
Attributes a,b are called independent iff neither 7% & "E’

nor ¢ O ’g’ holds.

Similarly we introduce the relations B = a, 3 = B,
B =3 C, where B, C are subsets of A.

Attribute a is said to be depenuent on the set of at-
tributes B CA, B =£b1,b2,...,bn7x 1t & o Y, end

B a?
a = B iff ~ < "1‘3‘. In general we may write B = C
g 3 < T

Tne meaning of tne "dependipg" relation B = C 1is
obvious. It simply means that values of the left hand side
attributes determine values of the right hand side attributes.

That is to say, if B = C, then there exists exactly
one function

f : ‘_‘ Vb—}cDC ‘Tc

beB

——————————
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gsuch that

(@ (%20 ) g = £ (Cplxiolyen)

In other words there exigts exactly one set of functions

(fo)ceo? such that

(N ec? € mee) = 2l JENINEE

and
Q(x,c) - £ %(x,b)beB)

iff
Zor glx;e) 2 %, 0 (x,by) n %, Q(x,bz)ﬂ
e N Xy, Q("ba)' for all xeX,

where

Xc’ra {xel: gx(c)=v} .

Begides the functions fc, ceC we shall also use

functions fg, with the following domains and codomains

i mEb-—.eEc

b€B

defined as follows:

X, g(x,c) = fg((xb,e)(x,b))bw)

iff
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g(x’c) = fc( g(x,b)beB)’

for all xeX.

3. REDUCED SYSTEMS

As we have stated in the previous gsection, same attributes
in the information system may be superfluous, in this sence
that their values can be“';’ré;zz;ivad"' from the values of other
attributes in the system. A natural question, arises whe ther
we can remove all dependent attributes from the system and what
properties has the system obtained in this way. Such a system
@#ill be called a reduced information system. In this paper we
shall only give a definition of a reduced system; some basgic
properties of reduced systems will be published alsewhere.

Tet S= £ X4, 7, g) be an information system.

A subset B & A is called independent in__§ iff,
for every B'§= B 3 ;"i’ .

If B CA is independent in S, then for every B’cB
and every aeB-B'B#:;a.
A gubset B <€ A is gaid to be dependent in s iff there

: ’ ~ .
exists a subset B $B such that ‘g B °
It B is dependent in S then there exists B < B and
a B - B’ such that B=pa.
The set A is said to be derivable from A it ATc A
and G = G-
1# A“c A and A is derivable from A° in S then

A= A -1°%
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A set Ac A will be called a reduct of A iff ¥ = 77

A A
and there does not exiet a proper saubset B of A’ such that

55 -

The corresponding system S.= X,A, v, g’? will be called

a reduced system ( g’ ig the restriction at the function S

to the set X XA). o
Naturally, a given system may have more than one reduct.
In the sequel we shall consider only reduced information

asystem, unless stated to the contrarye.

4. SUBSYSTEMS AND APPROXIMATIONS

let S= L XA, V,Q> and s*=¢x%,4% V', €'7
be two information systems.
We say that S° 1is a subsystem of S (s°«¢s) if
x"cx, A°%c A, V'cV, and

8= /x’xa°.

If S« Sand X° = X we shall say that s’ is an

sttribute restricted subsystiem of S (in short a.r. system).

L4

It 8°<S and A" =4, V=V, and

e’ = e /3% a°

then S’ will be refered to és an object restricted subsystem

of (in short o.r. system).

If S°< S and S’ is a.r. system then ¢ O §

If 8°< S and S° is o.r. system then

~ o~ N x9?
S s

- 313 -

or, in other words, for any e € Es’ there exists e ¢ Es
such that e’ = en (X%,

et S= <X, A, v,g> and s°= ¢ X,A',v’,g’>
be two information systems and let 5% be a.r. subgystem of 3.
Let Y e DS and 2 e DS" Thus Y and 2 are sums.of somé

elementary sets in S and S', regpectively.

.Z will be called an upper approximation of Y in s’
if Yc<z. ’

If 2 1is an approximation of Y in S'_and there does

not exist a proper subset 72°c 2 such that Y ¢ Z', z° e Ds',

then 2 will be called the :bast upper approximation (b.u.a.)
of Y in s’ : :

If Z is the biueas of Y in S° we shall write

%
Z = |Yl S’ ¢

It is easy to prove the folléwing property:

Let 5= & XAV,0> " and 87 = <x,A’,v;%' >
be two information systems, and let S' be an atfribute‘fes-
tricted subsystem of S. Then for every Y € bs there exists

exactly one beuea.s Z of Y in S', namely,

% k-
2= x| = U £,

where
k
Y = LJ Yi, Yi 3 ES’
i=1l

and

f!:Es’%E'.
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is such that for any e € Egy e’ e Eg/ Fle) = ¢,
iff eCe’e '

Tne proof is by jnduction on the number of elementary
gets in Y.
We shall also need the notion of the best lower approximation
(beleas) of Y by 2 in s’

let S = <X,A,V,%7 and S” = <& X7,A,V, Q'>

be information systems, and let 3’ be object restricted

subsystem of S. Iet Y € Dg and 7 € Ds . Z will be called

the besgt lower approximation of Y in s’ iff Y>> 2 and

there ddes not exist 2'D 2 such that z” e Dy and 72°c Y.

The beleas 2% of Y in §° will be denoted as
Z = ‘Y‘ !S'.

The following property is valid:

Let S = £ X,A,V,g) and S = XJ 4, V, gl>
be two information systems, and let s’ be object restricted
subsystem of S. Then to every Y € Ds there exist exactly

one ble@ae 2 of Y 1in S', and
7= Y] o = U &%),

where

h .
Y = 1U1 Y., Y, € Eg

and

& : By —> Es,u{¢}

ig defined as follows:

::‘:
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g(e) = e n (x1)?
The proof is also by induction on the number of elementary

. 4
sets in Y.

.

5, JOIN OF INFORMATION SYSTEMS

If 31182,690’Sk are information systems, we can define
a "common" information system S such that S1,52,...,Sh are
subsystems of S. The system kS will be called join eof Si
and will be denoted as S = 521 S;s Sy = < Xi’Ai’vi’ejf>-

The join S of Si ig defined in the following way:

S= L % A v’g>,
where
k
i=1
k
A= U 4
i=1
k
V= U "J‘
i=1
©/z xn, = 81 L= Tyenesk
k
or Q,x= .}__A gix’ for all xeX-

The join S of 8; 1is well defined if the following two

~conditions are satigfied:
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1% (i/,\j)(xif\ I ¢ @ and Ay N A F G —>

/(% n xy) xlag A xy)] -

/[ n X xtay nap],

and
0. | z/e\x ) (ex = }!1 Qix is defined for sn’ a&A.
The first condition is obvious and the second need some
explanati?ns. '

Let Sy be a system with only one attribute,. say colour
and S, a system also with one attribute for example length
and asgume that X4 A xé = ¢ . The condition 2° pays that
we are not allowed to define join S of 54 and 82 because
we do not have any information about lengths of objects in S1
and about colours of objects in 82 . Thus we are unable to
defipe for all x X the information gx'about colour and length
of X. In other words, we are .not able to define the function

for the join S = S1 v 52

This seems to have netural Justiflcatlon in reallife
systems. 1f we have two information systems, say first concérn-—
ing insurance and the second medical care with differen§ sets
of population (for example one in London and the second in
Warsaw), then combining these two gystems into one joint system
ig justified only in the case when we have insurance data in
medical system and converselye Otherwime we are unable to de=
fine for all xeX the information Q"I. about insurance and
medical care and, gongequently, according to our definition

the join of these two gystems in hot an information sysiem.

-17 -

k
Evidently if s = {J Sy » then
i=1

Moreover, every -Si is a suba&stem of S.

We shall distinguish two kinds of joins S.

In the first case we assume that every subsystem Si of
the system S 1is attribute restricted and such a joint éystem

will be called an attribute joined system (or an attribute join
of S1,ono,sn).

The second case refers to the system S in which every
si is object restricted subsystem of S. This kind of system

we will refer to as an object joined system (61- an object join

of .S.l,-..,Sn).

k
Thus in an attribute joined S = \UJ S,
o imt

S ' 4 onoV0Q>

we have the subsystems

S; = < LA, 05> ’,

k
and in the obaect joined system S = U1 G
. i=

S = L XAV, g>

as subsystems we have

Sy = <L x;,A,_v,gi D> .
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6. QUERY LANGUAéE OF INFORMATION SYSTEM

_ With every information system S we associate a query langu-
age Ig which will be used for asking queries about. informations
contained in the system Se For the sake of gimplicity we con-
gider a very simple language, which is apart of 8 query 1va,nguage
defined in .

| The query language congidered in this paper, will consist
only of terms, which are logicsal combinations of descriptorse.
That is to say a " term (e query)in the considered language
is a ~descri’.pto.r, or any expression built up from descriptore b¥
means of logical connectives wor", "and", "not%.

So the alphabet of Ig consista of the following symb@ls:

1© 0,1 - constans ) )

2° A,V =~ attributes and values of attributes

3° U,Ns ™~ ~ symbols for logical connectives *orvs
ngnd"®, wnot" reapectively

22 (4)- parenthesese

(o) L4
Terms. (queries) in the language DIg are defined in the foll

ing manneYr
1° 0,1 are terms

2% any pair (a,v), achy ¥ € 4 is a term

( U ) (t f\t )’t
3 1f t,t are terms, ga are (o d (t), tut )y
L]

The meaning of 8 term. t {an answer to ‘the query t) is
e

a function

bs ¢ Ts —7 ’P‘(X),

where:

- 19 =

s's - is the set of all texms in the language LS'

The meaning is defined in the following way:
1° églo) = g ., o&glt) =X

?0» 63(8,1‘) = {xex s ex(a) = v} ’
3 dghvt) = X~ &glt)

sglt Ut = &g(t) v b5t
dglt At =« dgl8) n gt .

2 term % will be called an elementary term if it is of the

form

t = (ay Vi1) n (aa,viz) N eea N (an,vin),

A = {a1,32,..., an'S s vij [ Vaj .

If Te ja the set of all elementary terme in Dy then

P (At e Tpisgle) n bgleT) = )

2° U a1 =1
te S
TE
Thus the set of all slementary terms generates a partition of
the set X {i.e, defines an equivalence relation on X}

1t i8 easy to 8ee that this equivalence relation coincides

with relation rg’ .
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Namely, if és(t) is not empty, then 6S(t) is jus%
an equivalence class of the relation .—; . Thus elementary terms
may be considered as unigue names with nonempiy values {in the
language Lg) of elementary sets, (i.e. if e,e’ are two dif-
ferent elementary sets in S ‘then the corresponding elexpentary

terme are different two)e

A term t is in normal form if it is-a sum of some elemen=

tary terms, iee
t =ty U $5 U eee (VT

where ti -~ are elementary terms .
The following is true:

igta t° h that
For every term t in ILg there exiats t € I‘S suc

t* is in normsl form and

bglt) = & S('c‘).

The subset Y cX 1is called describable in LS iff

there exists a term t in I‘S such that

63“;) =Y
FProm the normal form property we can deduce that all non-

i ' ions of some elementary
empiy describable sets in Lg are unlo

ts in S That means the set of all describable gsets in Dg
se .

i i ntroduced in the first
jg identical with the sel DS(X) intr

paragraph of this pepere 4 '
. 1¢ S° < S, then ®e ghall say thet the languege Dg
?

je a sublanguage of Ts*

If S’ is ettribute restricted subsysiem of S, then

LS' will be called syntactically restricted sublanguage {(8eTed. ]
of Lso

If Lg* 18 8 Sere8s Of Lg, then for every term t in Lg,
there exists a term +° in I’S' such that

%
[ 4
o5tt) = |ogm)| . .
S
It S° is object restricied subsystem of S, then both languages
Lg and Lg are jdentical, but the meanings of terms 1 in

these languages are different. (Because both systems' have dife-

ferent sets of objects).

Namely, for any term t in Lg {or in LS)
63 (t) tad \6 s(t)l* s’ .

If S is an attribute join of systems Si,, then each
sublanguage Lsi is naturally a syntactical restriction of the
1angua‘ge I‘S'

The language I’S corresponding to the join S of systems

S; will be called the join of languages ILg and denoted by
, 1

"

The join of languages LS i3 obtained simply by admitting in
i
the definition of the languages Lg an attributes and values

from all sublanguages I“S .
i

In an object joined system S all sublahguages LS- are
; _ 5

the same and the language Lg = LS.'

1
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in this case the syntax of each language LS_ ig exactly the
i
game, but the meaning of two identical terms belonging to

different languages is differente.

7. DISTRIBUTED TNFORMATION SYSTEMS

Now we shall return to our original problem gtated at the
beginning of this papeTe

Assume we are given gome information gystems 31'52""’Sk’
together with the languages Ls1;L52,...,Lsn aggociated with
them. ,

We may think of this gystems es separated units,Anot con=
nected together, and used independently.

We can assume however that that there is a kind of link
petween those systems 80 that they form one distributed infor-
mation system, which may be viewed ag a join- of individusl sy~
gtems S;» The language 'LS of the join system S5 may be

also considered as 8 join of all sublanguages. Lg o
i

So we may come vack now to the original question:
. How to find anp answer to the query in the language I’S

by retrieving informstions in subsystems Si.

We shall consider in this peper two basic types of information
gsystems. '
S will be called s language distributed system if
s = < X,A,V, g> ,

and

where

- 23 -

gi’ g /XXAi

and
c A, ’ . R L) o= -
Ao Ay # L) -égl/Xx(AlnAJ) eJ/XX(Ai{\Ij)
S will be called data digtributed system if
S = & XAV, % >
and x
S = S.
iL;)a -
.Si- <Ii,A ,V,@i7 ’
ei = g /IixA
and -

I, NI 8 ¢ > Q_i/(xi”xj)“" ei/(x.ln LRy

8. LANGUAGE OF DISTRIBUTED SYSTEM

Let S = < %4,V 9)) be a languagse digtribuicd aystemy
io€e
4
s U s,
iml ©
and

S; = L oAy V50057
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If tekg (ieee t is an elementary term in LS), then by
t/Ai we shall mean the elementary term t'eIB obtained from

+ after removing all descriptors which do not belong to LS.
i
(if after this removal no descripiors remain, then we- assume
that t/Ai = T)e A

Then the value of any term t in Ig can be represent

ag follows

n k
= 6 (t~/A") ?
3 %) 3.191 s, (5574

where

tyvt,U oo Ut is a normal form of ¢,

Obviously we have & Si(tj/Ai) = ‘6 s(t:j )r;i

This property means simply that in order to find an answer to
the query + in the language LS, we must first translate it
into a normal form t1 V] tzlJ ) thn. Then for any
1414k and any 1< j<n, Weremove from each elementary
term all descriptors which do not belong to the language Lsi,
j.e. for each 1 < i< n we replace all elementary terms by

" terms of the form tj/Ai - tg belonging to the languages Lsi.

Afterwards we have to figd the best upper epproximation
* ' r
t. = A {t.)
) ] Si Si b R

for each term tj in every subsystem Si. Then the intersec-—

tion of all approximations corresponding to a fixed elementary

term tj constitutes the proper answer to this term.

-25 -

In order to obtain the whole answer o the query +t "we
have to "add" the answers to all elementary terms occuring in

the normal form of t.

The situation mdy be dePicted as shown in figure 1.

Pig. 1e

So we have in this case two kinds of users: local and
global (central) ones. Local users are attached to local systems
use local languages Li’ and have access only to informations
in local systems. The global user can ask queries in the global
language 1 and he has access to the informations in all local
systemse.

This kind of organization of distributed system has one
serious disadvantage. In order to find the answer to a global
query, one has to search for the best upper approximations of

elementary terms in local system and take the intersection of
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all approximationse. The intersection operation is very uneffie-

cient, because it requires access to many disc memories in or=

der to retrieve the besi upper approximations of elementary te
put only small part of thus obtained data will occur in the
intersection of all approximations.

Thus another solution of this kind of systems seem3 to be

more efficient. This golution is depicted in fige. 2e

©)
® ®
®

Fige 20

There is only one central gsystems and each user uses its ovwn
language Li which can be any sublanguage of LS. Because,
in this case there is only one partition 1; generated by the
global system S +the answer to any query in global language
or any sublanguage of the global language may be obtained di-

rms,

rectly from the central memory as a sum of some elementary sets

in Se. Thus in this case there is no intersection operation,

which considerably slows down the retrieval processe.
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e shall call the first type of language disiributed sy-

stems - local memory systems. The second kind of systems con=

gidered in this paragraph will be referred io as central memce

ry systems.

9, DATA DISTRIBUTED SYSTEMS

In this paragraph we shall deal with the case when the
gubsystems Si of the system S have the same languages LS,
but different sets of objecis.

Let S be & data distributed gystem i,e. let

S = <_K,A,V,g‘> be a gystem

121 i
where
Si = < Xi,A,’J, 5-.17 ,
gl = Q /Xlx A,
and

LN xj ¢¢ - Qi/(:{in Xj)xé =

= @j/(xi” T,) % A,

=3
3

If S 1is a data distributed system then for every herm

t in L
S K

2581 = 31 PECIIN
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Obviously, W€ have

65.(t) = \2) S(t)\ xsi

1

where the normal form of t is

t = 't1 ¥} teu geeey Utn »

From this property it follows that in order to find the answer
to the querry t in Lg we have to £ind  partisl answers
6i(t) in all subsystems of S. This partial answers are sums
the best lower approximations for t in ell subsystems of the
gystem Se The answer 1O tne querry * jg the sum of all partial

snswers. The operation is very simple to jmplement and is much

faster then computing the intersection of upper approximations
in the previous case.

Yie can also distinguish two kind of memoIy organizations:
local mMemoOry systems and central memory gystems.

The jmplementation in all cases jg similar and it is

rather simple.
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