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CONCEPTS YOR MULTIDATABASE MANIPULATIOR LANGUAGES

¥Witold LITWIN
IKRIA - 78153, Ls Chesoay, Prance.

™e database approach is founded on the principle
that data to be manipulated by & user constitute a
datadbase. In fact, many users nesd to manipulate
dats that constitute several datadases. The
databass manipulation languages do not suffice then

anynore. One npeeds =multidatabase manipulation
languages. We present some concepts for suck

languages, for relational databawes.
1. INTRODUCTION.

The main principle of the database approach is that
dats to be managed together constitute a databdase
(DB). A DB im defiped by its conceptusl pthexa
/ARS75/. It coneiste of either a se: of relations
/CODTI/, /C0D79/ or of record types, /BACT7/ er of
entity types /CHET6/ or of components /HAMIS/ etc.
Users manipulate sither the DB or a viev of the DB.
The data mansgement capabilities are provided by the
database mapsgement system (DEMS). 4 DBMS provides
a dats defipition and manipulstion languages, view
definition, concurrency contrel etc. Deta may in
particular be stored oo several sites in which case
the DB ie distributed (DDB). The conceptual schems
is then typically called globel schems /ST077/,
/ADTI78/, /ROTIB/, [LINB1/, /SMIB/,...

As we shov 4p /LIT79/,..,/LIT82/, & probadly
wexpectsd conseguence of the database approach is
that if the copceptual data do not ths constitute »
single (D)DE, but they comstitute several (D)DEs,
then one lacks of systems and even of the principles
for the corresponding management. Since once
cbasrved, this ligitastion appears clearly
unacceptable {see the wexzazples in the sequel), we
have propesed to suitably geperalize the databasze
approach. We called the new approsch mulitdatabase
approach and we studied it in /11me/, . . JiiT63./ .
Workx on related problems is also described in
/LANBZ/, /DAYB3/ and /LYNS3/.

The mair principle that our approach proposes
instead of the one defining the database spproach is
that date to be managed together constitute one or
several DBs. This wmeans in particular that the
ability to manage dats defined through more than oze
conceptual or globel schemas is, for us, one moTe
basic. (slthough forgotten) objective of database
systems. We further consider that DBe to be managed
together should comstitute s multidatabase (MDB).
An XDE is & set of DBs or of XDBs much that :

~ thers ia a dets manipulatien langusge to express
miltidatabase manipulstions (msultidatabase
manipulstion language),

- there is a data definition language to define the
MDE and, eventually, dependencies betvesn DBs or
XDBs (multidatabase definition language).

The idea in the concept of an MDB is that &
collection of DEs 48 an MDE 4iff multidatadase
manipulations may be formulsted. Yor us, this ides
48 a Datural geperalization of the main one in the
concep: of & DB, with respect to earlier ideas oz
collections of files. In particular, ax KDB may be
a relstional MDE that is an MDE constituted from
relstional {(M)DBs. PFor obvious reasons relational
¥Dks are of particular interest.

Below, we describe a vrelationazl multidetabsse
mapnipulation language  that we called MOSo
(MultiDatabase Sublanguage). MDSL is the language
of MRDSM systex /LITS3/, /ABDB3/, /VIGB3/, /WONE3/.
It geperalizes to the multidatsbase environmert the
DSL language of the well kpown MEDS systez, that is
the DBMS of Multics system. It is also a practicsl
spplication o©f the principles of MALPHA language
/11T8%/. Since DSL 4is to large extent SQL
compatible, ¢the proposed concepis should apply to
other SQ1 based languages as well.

The properties of a Telational KDE typically differ

froz the ones of a relational DB. The mair resson
for this is the presence of several conceptusl
schemas that, in eddition, may be independently
defined. In order to shov these properties anc the

nev needs they create we first present a case study.
We then describe MDSL and shov how it fulfille ihe
peeds.

Section 2 presepts the case study. Section 3
presents MDSL. Section 4 i» devoteld to the
copclusions. The diacussion assumes DSl knows, for
instance through /MULB2/. Typographic differences,
4n  particular with respect <o the usage of
upper/lover case letters, should be disregarded.

2.CASE STUDY.

¥e copsider the folloving collection of Die :

DB CIREMAS
¢ (CF , CNAME, STREET, Ti.) Cipemas
X (M¥ , MHAME, KINKD) Movies
P (c#,m#, HOUR, PRICE) Projections

ENDDEB



DB XICHELIKN
R {R¥#, BNAME, STREET, TYPE, STARS, AVPRICE, TEL)
¢ (c#, CNAME)
n (B#,C#, PRICE)

ENDDB

DB KLEBER

REST (RESTY, NAME, STREET,

MEANPRICE)

¢ (C#, CNAME, RCAL)

MEXU (REST#, OF, PRICE)
EXDDB

TYPE, PORKS, T#, OVWNER,

DB GAULT-M
R (R#, RRAME, STREET,
EEM)
¢ (C#, ONAME, KCAL)
M {(R#, C¥, PRICE,)
ENDDE

QUAL, TEL, TYPE, AVPRICE,

DP MY-REST
R (R#, REAME, STREET,
REX)

C (C#, CNAME, NCAL)

¥ (R#, C¥, PRICE)

QUAL, TEL, TYPE, AVFRICE,

ENDDE
The DB CIKEMAS is sssumed to be a public DB that
describes (models) the op-going activities of
cinemas 3ip a city. The DBs NMICHELIN, KLEEER,

CAULT-K are alsc public DBs, created by the famous
french restaurant guides of the same name {the full
game for CAULT-M is Gault-Millau). Pinally, the DB
MY-REST is a personal restaurant guide. A user
stores 4bere the restaurants sslected by himself,
using &8 the model GAUIl~M. In particular, be keeps
4ip XY-REST +4he restaurants that are the best in
GAUL-M ; this allows him to put his own remsrks and
to do not pay for the corresponding access.

restaurant DBs model,
ané menus. The
these DBs, given

The relations in the
respectively, TYestaurants, courses
following properties characterite
the actual guides :

t. A restaurant may be recommended by more than one
guide. However, not all restaurants are recommended
by all the guides.

2. An object may be characterized by several keys
with the same name, but different and even
ipdependent values. This is the case of R#, C# and

3. The measures of a restaurant quality also differ
froz guide to guide. MICHELIN ratez restaurants
from gerc tp three stars (***). KLEEER - from pero
to four “forks". GAULT-M vrating 4» ®m/20 ;
= 0,1,..,20. There 4s no objective sule for the
value ©of one measure given another one.
Nevertheless, one is frequently sure that the guides
tisagres -upen-a-restaurant.

4. By tbe same token, the guides may alsc disagree
upon tbe average price of & meal, ©Or upos &
restaurant type. For instance, a restaurant may be
chinese for one guide and vietnamese for another.
The guides also may disagree upon the telephone
pumber, although 4t im a caniidate key within sach

D3,

5. In contrest, the guides always agree upon &
restaurapt nase and tbe corresponding street nawe.
This property allowe thus usera to recognize all the
descriptions corresponding to the same restaurant.
Similar properties exist with respect to courses and
|snus.

As long as any user is avare of only one of these
DBs, Do one pees a Query o more than ope DE.
Othervise this is 1no more the case. The sxanmples

beslov shov many queries to several DBs that come
then to mind. Especially, to s french one.

only one DB is, ir the seguel, called
monodstabase guery. In cootrast, queries tc several
P85, are called multidatabase gqueries. Database
sanipulation languager &0 not suffice for
formulation of such queriss. As cne may see fron
the case study and from the examples below, the new
vesds that such querier create are at least as
foliows :

A query to

1. One may need tc oper simultanecusly several, may
be very many, DBs. :

2. A manipulation may peed to
which nampe ie¢ no more Jits identifier, since it is
shared by relstions 4in other DEs that the
manipulation concerns. This wmay alac bappen with
respect to & detabase name.

address a relation

3. A gQuery may consist of a manipulation to de
repsatec for some DBe. The corresponding relations
will <typically sbare some attributes. However, a
they will also have attridutes on their own. They
may also differ with respects to the choice of names
for the same mearing, as vell as with respect to the
corresponding data types.

4. Iz particular, there may be several ways to
present the result of 8 retrieval. 4 user may wish
to separate the results corresponding to different
DBs. Sopeone else may wish all the descriptions of
the same real pbject to be merged to ope tuple.
Then, ope may wisk to homogenize some nazes or dats
values etc.

5. The multidatabase gquery may be & retrieval.
lHovever, it may alsoc be an update, & deletion or an
insertion. In particular data may need to flovw not
only from a DB to a temporary relation {(workspace},
tut also between Dbs.

6. Queries may lead to maripulstions of database
nanes themselves.

7. A multidstabase query sbould be expressidle in
posnibly only ope formal statement (commend).

MDSL language is intended to be & Tesponse to at
least these needs. Note incidentally that to
respond to the need similar to (7) for the database
Queries, was one of the main goals of the relational
data model /CODB2/.



3.MDSL LABGUAGE.

3.1 Basic relstionship $o DSL.

MDSL i# by definition a generalizstion of DSL. As
long as one deale witk the database queries, any DSL
rules is thus XDSL rule as well. The imverase is not
true, 1. s, incidentally NDS.. brings Dev
possibilities also for the database queries. These
nex possibilities will appear from what follows.

As for many éatadbase manipulation language, the date
universe comsists for DSL of (i) the the dstabdase
{ii) ope or more tempora relatiops called
workspaces {(¥WS). The purpose of the language is %0
define the data (informetion) flov betveen the DB
and a WS {see fig 1 in /COD71/ illustrating the ides
in s yelations) mublanguage). In contrast, for MDSL
the data universe consists from several DBs. Dats
may flov betweer meveral (X)DB» and ¥Ss, as well as
between (M)DBs.

DSL odjects, i. e. the:dats wtructures tbat one maYy
designate in a query, are attributes or relations.
KDS. objects are, iv addition, PBe and MDEs. The
exazples in the sequel copmider twe KDBs :

FIGHTLIFE = |{CINEMAS, MY-REST]
BEST-G * {MICHELIN, KLEBER, REST-G}

The pame of an MDB ie called multidatabsse name.

of a query the set of (M)DBs that it
addresses. The scope of any DSL query is, by
principle, a DB. MDSL query may involve any nuzber
of (M)DBs. In particular, its scope may be
delimitec only by the set of (M)DBs that are open
while the guery is issued.

We call scope

The general forz of PSL commands is :
CwWTP?P
wvhere @
s & command name,
s a workspace name {temporary relation name ),
B

» targe: list (pelect clause),
s & predicate (where clause).

P e
IO
[ =

T i» a set of names that wve call designators since
they desigoates database objects oT variables. In
occurrence, T designates either a relatios, O some
attributes, or some tuple variables that are defined
4o ap auxiliary RANGE statenente. Together with P,
T defines a relation which attributes are the onss

_ resulting from T.
Tule [COD'H/ renders the tuples ané the pames of the
attributes of W the opes of T. VW and P are
sometimes optional.

The general form of NDSL query is syptactically the
same. However, first, the following minmor
éifferences sxist :

- ons 40 Dot need to prefizx the command name with
“mrds_call® or “dsl $°.

- T™he comnand pame may follov the selection
ezpression, like in LIKUS (apother langusge for
_ queriss to MRDS),

The convention called inheritance

S VW may be in commands otber thac define temp rel.

- database 4deptification indexes cailed
dats_base_index in DS. are not mandatory.

« also like in LIFUS, the clauses may be prelixed
with numerical labels, since Ope may elaborate a
query clause by clause, using & precompiler. The
iabels will be igoored in the examples that follow.

Next, and this is of
moaning of the above
and P may refer to

course a major difference, the
syzbols is enlarged. FYirst, T
pbjects within @ifferent DEs.
Next, they may define sets of relations.
Consegusntly, VW may designate a st of workspaces
ealled in the meguel multiworkspace. Pinally, ¥ may
also designste relations within an {®)DE. The
segquel defines the corresponding details.

3.2 Designstors.

DSL designator forms are X' or X'.X'", where X' is
an attridbute pape and X' is e relstion mpame or s
tuple variable name. The form X'.X'' means that one
designates only X' that aere within X'. MDSL
designator forme are :

(a) Xt , X2.X1 , X3.X2.X% ete
(v) X3..X1 , X4.X3..X1 , X4...X1 , R4..X2.X1 esc

(e} Yo , Yoo o Yeuu otc
(¢) .Y , Y. , Yoo stc
where :

« X1 is the mame of an attribute, or of s relation
or of an (X)DE or of a tuple variable. Or, it

designates a so-called i the sequel BemAntic
varisdle.
- X2 58 the name of & relatiop, or of an (¥)DE or

of a correspondintg variables.

- X3, X4,...
variables.

designate XEDs or the corresponding

- Y is a desigoator of a form within (&) or (v).

The designators (a) deaignate first all objects or
wvariatles pamsd X1, then only X% that are componern:s
of an X2 otc. The designstors (b) demignate all X!
that are compopents of s compopert of an I3 etic.
The forms (¢) mean first that Y desigoates at least
s relation, thern st least a DB etc. Fimally, (a)
means that ope designates only attributes or the
corresponding variables, or only relations etc.

It is obvious thst any DSL
designator. However, whbile 1 DS. any object
designator denotes exactly one object, since
relatior names in a DB are all different, it is Dol
the case of MDSL. Por this reasor MOSL
distinguishes two types of object identifiers :

- unigue identifiers that designate ezactly one
object,

- multiple identifiers that designate more than one
object.

designator is also MDSL

4 unique 3ideptifier may become sultiple when the
scops is enlarged. For instance, ‘R' 3is a unigue
ddentifier within the scope MY-BEST, while 1t is &
multiple ddentifisr for the escope NIGKTLIFE.
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" Nevertheless, since the designator may be of any
length, for any object and any scope one alwaye
dispose of at least one unique identifier.

3.3 Commands.
3.3.1 Maip copmands.

¥DSUL sain coxmands are :

OPEN, CLOSE, LET, RETRIEVE, MODIFY, STORE, DELEIE.
The fore of OPEN command is :

OPEN D1, D2,...

' where D are database or multidatabase designators

(X1 ia ap {M)DE name). One multidatabase pame opens
all underlying DBs, saving thus some work to users.

Yice versa, -CLOSE D1, D2,... closes all the
corresponding Dbs. CLOSE without any D closes
everything.

LET commend acts like RETRIEVE except that it
defines only the dintension in the corresponding
result. It may be useful as & name definitioxn, to

be applied aftervards in the sxtensional commands.

The other commends perfore a retrieval or a
modification of an (X)DB. The multidatabase usage
of these commands is described further. The

monodatabase case is DSL compatidle.

%.3.2 Other commands.

The other cozmands of MDSL sre :

(1) CREATE MB, DESTROY_MB, DISPLAY MB, DISPLAY_ODE,
EXECUTE, BELP M, COKSTRUCT, PROC, QUIT.

(ii) 411 commands of MRDS.

The commands DISPLAY display the compositior of an
MDB or names of DEe that are opsr. The command
EXECUTE allows to invoke any command of the Multics
systex. The last three commands are for 1the
precompiler. The others are self explenstory.

3.4 Multidatabase retrieval.
3.4.1. Elementary gueries.

MDSL query is slementerv if it ip also DSL query or
all designstors are unique identifiers and the
gifferences with reapect 1o DSL query are betwveer
tbde following ones :

~ some Telation mDanmes
names),

=~ ¥ s a dstabase relation,

- some designators consist of an attribute name
only.,

= the equi-joine among key sttributee connected in
an obvious unigue way are implicit, i. eo. are pot
specified.

are prefixed (with (M)DB

An elementary query is multidatabase if, of course,
some of <¢he objects it designstes are in different
DBs. 7?This may concern T, or P, or ¥V with respect to
T or P. Ip particular, if ¥ designates database
relstions, ¢then the dinheritance rule lesds to the
creatiop of edtirely nev relations, regardless the

schemas and tuples that could exist. Note that tne

clear-cut distinction between the notipns of
retrieval and of modificatior that exists din the
database approach, becomes Trelative in  the

multidatadbase one.

Brample 1.

1. Betrieve frop MY-REST and from CINEMAS the names
of the restaurants and of cinsmas that are o2 the
sane street.

OPEN NIGHILIFC

RETRIEVE

=RARGE (X R) (Y CINEMA.C)

«SELECT X.RRAME Y.CHAME

«WHERE {I.STREET * Y.STREET)

2. Copy C of GAULT-M, into MY-REST.

OPEN GAULT-M MY~REST

RETRIEVE MY-REST.C
=SELECT GAULT-KE.C

B.4.2. Hultié le gueries.

Although the concept of an elementary multidatabase
query fulfille the nmeed (2), it does mot fulfill the
reed (3). For this purpose, NDSL proposes the
coocept of a multiple guery. MDSL query is such &
query if 4t involves =multiple identifiers, or
sezantic variables or the choice of implicit joins
43 not unique. Ope multiple query acte like
several, may be very many, elemsntary gqueries.
These Queries are called relevant subgueries. The
result of a multiple query is typically & sei of
relations.

3.4.2.1, Multiple identifiers.

The first way to formulate multiple gueries is to
use multiple identifiers. If & query with such
identifiers does =not use also the semantiic
variables, then it is processed as followvs :

(A1) - We call scope of an identifier ’the
corresponding obdjects. VWe alec call sudquery &
query that results from a multiple gquery when any

multiple Jddexiifier d4s replaced with a unique
identifier o©f sn obdject within its scope and one
choice eof 4mplicit Joins 34 edded. A relevan:

subguery is produced froz a subquery through the
following rules :

~ let T and P be respectively the target list and
the predicate of a subquery. let T' and P' be the
respective parts of the relevant subquery. Then :

(1) = the designators of T' are all these of T that
designate existing objects. If T has no such
designators, then no relevant subquery results from.
The subquery is then called irrelevant.

(i3)= 3ot P'' be the largest predicate referring to
existing objects and such that for some P''', that
might be empty :

Pep\/ P



Then, if P'' ip not empty, them P' = P''. Else the

subquery is again irrelevant.

- The set of 7ralevant sudbgueries is the one that
reaults from all the choices of the wunique
ddentifiers and of the corresponding implicit joina,
if any. Tbis set may be processed in any order.

~ The result of a sudquery may be a workspace. V¥
designstes then the corresponding set that we call
multivorkspace. The name of & workspace within ¥

consists ©f the prefixes that were added to the
multiple ddentifiers, in order to produce the
subguery. The order of the prefixes may be
important.
Example 2.
Retrieve the names, the telephone number and the

reparks, if any, that chearacterize the restaurants
that are chinese for MICHELIN or for GAULT-X.

OFEl: REST-GUIDES

BETRIEVE ~SELECT R.RNAME R.TEL R.REM
~WHERE (K.TYPE » “CHINESE™)

R is a =multiple identifier. (A1) lsads to two
subgueries with, respectively, two sets of unique
identifiers :

MICHELIN.R.RNAME, MICHELIN.R.TE.]

GAULT-M.E.RNAME, GAULT.K.TEL, GAULT-X.REM]
The result is the set of ¢wo relations. HNote that

ope knows fron thia wset not only the specifiedé
attribute values, but alsoc which guide comsiders a
restaurant as chinese (ve recall thet guides may
disagree upon the characterimtice of & restaurant).
Note also that to the same restaurant may correspond

two different telephone numbers.

The above query illustrates an important property of
MDSL queries that we call scope independence. On the

one band, gueries stay valid, 3. e. correctly
exprese the corresponding intension, whezn one
shrinks a multiple ideptifier secope ((A1)

automatically produces then leas subqueries, until
the identifier becomes unigue). Or the other band,
as long as the same object names are used, the scope
may be extendec to any size ((A1) produces then
sutomatically more subgueries, while unique
ddentifiers become gracefully multiple onea). Thus,
the user may drop or add DBe without being foreed to
reformulate his guery.

The concept of & multiple identifier fulfille the
need (3), as long as the corresponding objects share
Dames. Although Dot general, <this case is guite
frequent. People sharing a universe tender indeed
also to ahare scme common vocabulary.

3.4.2.2. Semarntic variables.

We call semantic variable a designator which values
are designators. This concept cozpletes tbe one of
the multiple identifier for the case when the names
_of the corresponding odject differ. The values of

the domain of a semantic variable
declarstion that we call spemactic

are defined by &8
RANGE. Iz

contrast, the usual RANGE is in MDSL called tup:e
RANGE.

The forms of the semantic RANGE are :

i .. ¥k}

{a) ~BARCE-S {Ez] B .. -

(v) -RANGE-S ([zZ] W1 ..

where K are denignstors and Z 4s the npane of the
variabtle. Both K and 2 may be compound. The
corresponding components Bay ther be shared by
severs] semantic RANGEs. ¥ and Z may also be turles
of desigpators. They have then all of the sane
length and sach of them is within parentheses. The
only difference betwsen the forms (a) anéd (b) is
that (b} requires the wvalues of 2 t¢ be generated ir
the indicated order.

The brackets around Z are optional. Without ther,
any Ni selected tc the result keeps its name, i. e.
“Hi®. Else, &ll these names are replaced witk ~2°.
Within {(a), ¥ may 4n particular be & semantic
variable that we call implicit. The domaic of an
iwplicit variable results {roz its name. The reascr
for thet are special characters that one may appiy.
These characters and the cerresponding meatings
are :

“#% (=<> any character string,
*?% (~=> any character at the corresponding
osition,

D} C==> the set of the unique 4ideptifiers of the

objects thet are components of the object(s)
designated by D.
RANGE with ap implicit ¥ is considered as the one

where F is replaced with its domair.

A quéry with the oon;ntic‘varilblcn is considerec as
the set of elementary queries resulting fror the
substitutions of the unique identifiers to both the
variables and the multiple ideatifiers (nmote that &

semantic variable may ip perticular refer 1o &
multiple identifier). The corresponding rules &re
similar to the ones of (A1) and may de found in

/L1183a/.

Exanple 3

1 Retrieve all the restaurants frox REST-GUIDES ths?
a guide considers chinese.

OPEN REST-CUIDES

RETRIEVE
~RANGE-S {X R REST] .
~SELECT X ~WHERE (X.TYPE = “CHINESE")

X is a semantic variadle which values are the names
R and REST. Since REST is a unique identifier, the
correaponding substitutior produces an elementary
Query. In contrast, since R is 8 smultiple
identifier, the corresponding substitution produces
two elementary gueries. The final result is the set
of three velations :



{MICHELIK (R#,..,TEL), KLEEER (REST#,..,MEANPRICE),
GAULT-¥ (R#,..,REM)]

™his set copstitutes the multiworkepace W.
An alternative form for BANGE could alsc be @

-RARGE-S {X B*}

2. BHRetrieve fros KNIGHTLIFE first the restauranis
then the cinemas vhere ope can go for less than
25 tf.

OPER NIGETLIFE

RETRIEVE

%nsz ({z X X# Y) (MY-REST R B¢ M)
P

~SELECT X :

<WHERE (Z.X.X# = 2.Y.3#) & (2.Y.PRICE ¢ 25)

3,  Hetrieve from GAULT-X intc MY-REST all data
nhﬁutomennwn“an"dmnthnﬂﬂ&

(CIREMAS C CF

OPEN GAULT-M, ¥Y-REST

RETRIEVE MY-REST.X

~RANGE-S {X [GAULT-¥]}
-SELECT GAULT-E.X

~WHERE (GAULT~-M.QUAL > 17/20)

The values of X are the names of all relations of
GAULT-¥. The elementary gqueries that result Irox
the substitution have no the clauses corresponding
$0 the 4mplicit Joins. The execution of the query
erases the previous schems and content of MY-REST,
if apy, giver the inheritapce rule. The nev schems
is the ope given in the pection 2. The new content
consists of all the restaurants with QUAL > 17/2¢C,
of the courses corresponding to these restaurants
through the implicit jpin, snd of the relsted menus.
The gueries using semsntic variatles are also acope
independert as long as the additional DEz use the
sape npames. In addition, they keer this property
even if the pnev names differ, as long ae they are
within the domains. Otherwise, it may suffice to
simply adc m new name to a domain.

3.4.2.3 Target list optioms.

DSL target list T ie assuned to refer to sttributes
4¢nat all ezist. There d1s 1no such assumpiion in
MDSL, basically misce the substitution process may
leaéd to a subguery which T and even P are larger
then tbe scope (ex.2). This leads to the problen of
the definitior of the result of s (sub)query which
asks for attributes that might, or might pot, be in
the scops. MDSL spproach to this prodlex conaista
first froz the already d2iscussed rules for the
relevant subqueries. XRext, froz the assumption that
amy attribute designator in XDSL T  bears
requiremssts ocalied options. The options precise
the composition of the result, vhen attridutes may
do not exist or, in contrast, may reveal redundant.

let A bs an attribute desigoator. The default
(implicit) option op A, moted A ", or TA)T, at the
end of a list, means that even if A does mot exist

in the mcope, the tuples without A may still eoter
the result (pote that tkis opticz is DSL compatible
as long &2 all A are in the scope). The other
options are :

“A;> <==> the attribute to which A refers, @irectly
or through substitutions must exist.

*At)A2)..4n!>  <-=> only one of the designatec
attributes is selected. 1f more than one of ther
exist ip a scope, then the priarity is given first
to A1, ther to A2 stc.

~A1:A2° C==> A1 is mot selected without A2.

A subguery is relevant iff, in addition to the
requiremente discussed in the previous sub-sections,
it respects the options (note that this requiremen:

does pot add anything if T bears ooly the implicit
optior). 1o particular, the options may be nestel
and applied each to sublists of designators, put

therefcre 4ip parenthesea. For instance,

defipne the options @

one may

(A11A2; (A3, A4):45)
which meaning ie clear.

Note thet the potion of options may also be appized
to null values.

%.4,3. Dypanic sttributes.

MDSL query wmay refer to to dynamic attributes that
are pazes denoting values dypazicaily defined froc
atiribute values for the purpose of the guery. One

may in this manner instantaneously and subjectively
homogenize heterogeneous data types (need 4).
The declarstion of a dynsmic atiridbute has the
following forms :

«ATTR-2 K
- «FROM T

-INTO T°
where :

~ N designstes the dynamic attribute.

« T vrepresents the Sapping froxz asocme existing

attridbutes.
- T rapresents the inverse BApping.

The clsuse INTO is necessary ooly whel the dypanic
attribute is used for & modificatiorn of a DB, &
sultiple ope in particular, and T' cannot be deduced
froz T automatically (note the interssting research
problen). One may avoid then PRO¥ clause. T (T")
may be a forpula, 3 dynamically defined translatiox
tabdle, a standard function dimvocation or &
ponstandard function  invocation. A nonstandard
functior is declared like DSL ponstandardé funciion.
Details of the corresponding forms for T and 7' may
e found in /VIG84/.

Exsmple 4.

Assuming  (sudjectively) that “~ea#>  pating oOF
MICKELIN corresponds <o GAULT=N.QUAL gronter_thaf
17/20, retrieve from tbese DiEs the *on

restaurants. Present GAULT-X ratings in STAR scale.



OPEN REST-G

~ATTR-D QUAL

~FRO¥ CGAUL-M-STARS{QUAL)

~RANGE-S {[STARS] STARS QUAL}
~SELECT R ~WHERE (R.STARS = “®®¢7)
RETRIEVE

RANGE-5 refers of course to the dynamic attribute
that, in the case of pame conflict, bas slvsys the
priority over an existing ope. GAUL~N-STARS is &
nonstandard function, stored thuz in a segment of
the same name. It could be produced dynamically
through EXECUTE command, invoking any Nultics text
editor, It expresses, in an arbitrary bost
language, the algerithe :
QUAL C=- if QUAL > 17/20 : QUAL = “®%*° opndif;
Note thst QUAL is defined only for the values of
ipnterest i- e. is undefined for ~**° for instance.

3.4.4. Stapdard functionms.

Any standar¢ function of DSL is a standard function
of MDSL,  being, in sddition, considersd as
generslized for the multidatsbese usage. This means
in particular that ope may use it with semantic
variables and sultiple identifiers. On the other
hand, the multidatabase spvironment calls for new
specific  functions. Ip particular, for the
folloving ones, detailed for some in /LIT8%/ :

NAME. NKAME({F) returns the names of the objects that
N designates directly or after the substitutions.
KAME(.X) returns the names of the containers of the
object designated by K (or mull), KAME{..R) =
NKAME( NAME! . K); etc.

EXTEND. EXTEND(E &' .. Aj) extends the relation(s)
designated by R with atiributes which nades are
designeted through A and values are constant ané
egual to the sttribute pames.

NOR¥. NORM(AY .. A3) applied tc s set of relstiomns
merges into one ‘tuple any number of tuplee with the
sape velues of key atiributes designated through A.

BORF may thus in psrticular transform the result of
s multiple gquery where a variable zumber of tuples
may correspond to & real object, into a set of
relations where each object dis descrided through
szactly one tuple (need 4 mguin).

UPTe. UPTO(n (A) [B]) applied to a multiple guery
provides at most n >= 1 tuples sharing the values of
therattributes designated in the list A. Priorities
correspend tben to the order of the list B that
designate DE pames. A, o and B are optional. if 4
is pot specified, the query processing stops after
nonnull response fron n DBs. The default value of b
49 1. - Pinally, pull B means that the user hsz no
preference.

Exasple 5.

$. Napes of the guides that recommend “Maxim's™.

_although

OPEN REST-C

RETRIEVE
=BANGE-S {(X Y) (R BNAME) (REST RAE) |

-SELECT [EXTEND (X [3wE (X)) ].[naE (X))
~WEERE (X.Y = “MAXIN'S")

The clause wmelect specifies the projections or the
pev attribute that KEXTEND crestes for each X.
Brackets are used for tbhe compatibility with DSi,
they are pot absclutely mecessary (LINUS
for instance does not use them).

2. Apply NORN to the vesult of the ex. 3.1, on the
basie of tbe property (5) mtated in the mectior 2.

OPEN REST-G

RETRIEVE
-RANGE-5 {(X [¥]) (R RNAME) (REST RAME)]

NORY (X.Y X.STREET)
-SELECT X ~WHERE (X.TYPE = “CHINESE™)

NORK is before select since it is 8 so-called set

function (LIRUS terminology).

3. Retrieve ! description of any “Marxiz's",

poseibly Michelin description.
OPER REST-G

RETRIEVE
=RANGE-S {(X Y) (R RNAME) (REST NAME})

UPTC ( (X.Y X.STREET) [MICHELIN])
-SELETT X ~WHERE (X.Y = 'MAXIN'S')

3.5 Multidatabase modifications.

MDSL queries that modify an (M)DB through an update,
ap insertion or a deletion, are either DSL gueries

or @&iffer from such queries by the following
properties :
1. One applies the nev concepts : multiple

identifiers, semantic variables etc.

2. ¥ designates database relations or attributes
within DBs or (multi)workspaces.

3. STORE ia qualified with P which then filters the
tuples tc be lnserted.

4, DELETE is characterired with W
designates the objects that receive the
correaponding projections of the deleted tuples,
svertually extended with null values for attributes
own to W.

which thern

S. The target attribute names differ from the asource
gttribute pames.

¥DSI considers in general that the correspondence
between the target and the source napes resulis (roc
the eguality of nanes. The order is unigportant.
In the case (5), one epecifies the correspondence
through semantic wvariables. The names of these _



variablee should then be bracketed and equal 1o the
ones of the desired targets.

Using all these possibilities one mmy for instance
modify a DB, using & multidatabase P. Or, through
semantic variables or multiple identifiers, one may
80dify in ope guery wseveral DBe. Next, through the
usage of dstabase object designators iz ¥ one may
copy (STORE} or move (DELETE) data between (M)DBs.
I particular, source data type may be transformes
througb dynamic attributes, etc. The gueries that
result are scope independent, with the limitations
pointed out for the GET command.

Exsxple 6.

1. Change to “456" the
DBs of REST-CUIDES.

phone pumber “123° 4n all

OPEX REST-GUIDES

~BANGE-S {TEL T#)
~SELECT TEL -WHERE (TEL = “123%)
MODIFY “45¢°

2. Assume that & wmultivorkspace ¥ that is, 4n
occurrence, Multics multisegmexnt, contains two
relations named MICHELIN gnd GAULT-M, constituted
froc tuples to be inserted to relations R in the
corresponding Dbs. Insert these tuples.

OFEN REST-G
STORE R -IF ¥

IF means "input file" in DSI terminology.
3. Put to MY-REST the restaurants

17/2C in GAULT-¥, B well as
courses and menus.

rated more than
tbe corresponding

OPEN GAULT~M, MY-REST

STORE MY-REST
~RARGE-S {X R C ¥]

«SELECT GAULT-M.X

~WHERE (GAULT-X.X.QUAL > 17/20)

Note the presence of dmplicit equi-joins,
materislized whex the command is proceased for
X =/= R. Note alsc that in contrast to GET from

ex. 3.3, STORE does not erases the eristing content
of MY-REST (there is no inheritance rule).

4. Delete 4in REST-GUIDES
the phone number ~123° (ex.

all the restaurants with
2, query 6).

OPEN REST-GUIDES

~BARGE-S (X.TEL R.TEL REST.T#)
~SELEST X ~WHERE (X.TEL = ~123%)
DELETE

Fote that, like ip (1) above, one may alsc formulate
this query using a semantic varisble on telephbone
nueber only.

5. [BExtract from MY-REST into MY~ONCE-A-YEAR-REST
the Testsurants that are more expensive than 700 ff

_ per dinner, as well as the corresponding coursss and

menua. Assume that the sttribute pames are the
sane, except for TYPE anc STEEET ths® are shortepecd
%0 T and ST in the target.

OPER MY~REST, MY~ONCE-A-YEAR-REST

=RANGE-S {X R M}
~RANGE-S |(Y Z) (MY~ONCE-A-YEAR-REST MY-REST))
~RANGE-S {[(ST T)] (STREET, TYPE)}

=~SELECT 2.X ~WHERE {(2.R.AVPRICE > 700)
DELETE Y.X

~SELECT 2.C =WHERE (Z.E.AVPRICE.> 700)
STORE Y.C

Eots that C could not be deleted (why 7).

4.CONCLUSIONS.
KDS., 45 ap operational applicatior of the
multidatabase approach. While DSi allows to
maripulste a database only, the proposed concepts

allov to manipulate peveral databases as well. Tne

corresponding manipulations mey Dbe retrievals,
updates, insertions or deletions. In perticular,
dsts may flov not only betweer a database and &

workspace, but also among databsses themselves.

Yor this purpose MDSL applies pev concepts like the
ones of slementary or multiple gquery, of multiple
identifier or semantic variadle etc. These conceptis
respond especially to the neede identified through
the case study. In particular they render MDSL easy
to use, ip the sstme that the gueries are typically
axpressed ip ouly ope command. In that, MDSL
extends one of the main goals of the relational date
model.

Kost of the discussed concepts result also from our
previous work ©on a theoretical ALPHA based
multidatabese language that we callec MALPHA. We
conjectured in particular during this work that,
since ALPHA is the theoretical root of the practical
relational langusges, the new concepts mhoulé apply
to practical langusges ms well. MDSL is ome proc’

of this applicability. Ve feel this proo?
important, given first that DSL is an SQi~like
language, being thus very similar to the ones of

most ©f the relational DBMSs. HNext, give: that it
shovs ther rather clearly that QUEL bawed systec may
offer multidatabase faclities as well.

Even a glance op the state~of~the-srt mbows that the
sultidatabase manipulation lsnguages are necessary.
Pirst, since they rather drastically increase the
utility of the reletional systems. Next, since, it

ahould also be the case other dats modele, the
functional ones in particular. Purthermore, sizce
such languages will be Dnecessary for uasers of

videotsx or documsntary systems providing slready
the acceas to thoussnds of databases. PFinally, they
will be opecessary for an easy usage of personsl
databames that the progress 4n metworking and in

microcomputers will bring massively.
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