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Ccxnp 1.1 t: i n q w i I-. h mi crcx:omput,ers 
y:i.eI.d5 %ac:al. dat.a autonomy, In addit.iGn 
t 5 0 -tr h e r benef i t.s w i t h cnmmun i cat i Gn 
I. i n k 5 , t.he individua.1 dat.abases can be 
integrated using a distr-i buted ihetero- 
geneous DRMS - Thi.5 wo~.~l.d al,%ow XC.:E%S 
t.o r..~~;eful information from Gther user-5 ’ 
and the c:csrporate databases. SG Sar no 
attempt has been made towards i ntegra- 
t j. ng the e:.: i sting databases on mi, crc)- 
computer-5. Such an i ntegrati c3n wcx!l d 
enhance an au~tGmat.ecl office. Al most a% I 
the di stv-i. buted database systems desi q-- 
n e d sc~ .f ar at-e $52~ homogeneous di stri - 
hLtl:d d a ,I: a b as e I (c-s:.: CfqA PI:li...YPI-iE.riE 1. 1. I , 
a IS d ML.tlCit:,aSe I:J.‘3,, 101! - :I n add i. t i cm , 
s 0 ,n t.? of the system design5 are bacied on 
ex 3. st. i ny central I. z ed databases csyst.em 
F:: s developed around tha system R CEllI, 
an cl distributed INURES devel. aped around 
INGFXS C?:l) ; other distributed di~‘lLtibaae 
S,yStt?tlS are enti r-e]. y new (SDD-I. 1: 7 I ) . 
1.15 e.2 I’ s j. r7kere5ked 1 n mj. graki ng to t:. h ese 
hcm\cqenE?fx~s D-DBPIS may have to rebui 1 d 
tt1ei.t e:xisting database. Another aspen t 
which has of ten h e en over- 1 naked and 
i gnor’exl i s cover I apped (nnn-di. E.Joi nt.) 
fragment.5 in data diat.ributicx3 Cll,lZI. 
I\lon--.dj.~jjoirlt: f ragment5 are, however, 
~.mportant. where many e:.: i sti nq databases 
are bei rig int.egrated into a distributed 
system; a common si t.uat i nn i n off ice 
automat. 1 or, . In section 2 we discuss the 
need for overlapped partit.inning Crepli- 
cat. i on may be considered to be j. 00% 

over- 1. appi ng . We are proposing P hetero- 
gerieous di stri br.\%ed DBMS (HI>-DBMI;) that 
wi 1 I act. a5 a front.-end to the existing 
mm ’ ~j. The system ir, c:apable uf hand- 
l.ing overlapping part.iti.Gns and indepen- 
dt?i-~t of the 1. ocal 11EWl’IS. ‘The fGlicJwing 
ar;sr.tmpt i ens are made i n the initial. 
systetnrs design. 

1. The E!x i atence of a c:ommunication 
networ I::. Our t”lD--DE(PIS system i 5 
being designed t.cs uz.e a rnmmuni cd- 
tinn sthsyst.em whi. ch tnay be t a i 1 -- 
ored for any communication system. 
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Figw-e ::5. Lkxr- Vi ew . 

The fragment.ed and distributed view 
pr-OC:~~SSW-t3 are char-acter-sti cs c>f a dzs-- 
.I~ r i. 1.) LII: e d DBMB. f.!l .i r a cJ m c ri .t e c:l view 
c:leS i r3Ez’s subsets nf rel. at i on5 lrnown a9 
I i:,g i ct a 1. f.raqments, e. q. one for each 

Y a 1 c., E of f”‘LANT-NC3 <F-i gure 4) . A fraq- 
men 1~ may c: orlt a i n a ~iub5et of tupl cs from 
a rel.at.ion ~Ihari.znntal FJWt.itiOrl) , or 
may c: on .t. a i n a ~2~03 set uS attr-i bu.t.es from 
a relaticsn (vertical part.itionj , cw a 
cCJinb:i.nat:j.c,n of both. Stared fragment~s 
a r- @ physical impIcmentations of the 
l.qic.al. fragments. C:cJr-responding to one 
I 0 y :i c: ix I fragment there can be multiple 
physical fragments. ‘The dir;tributed view 
of .the distrib~uked DBMS gi. ves the qeo- 

graphical :I. ocat.ion inude identi.fj.cation) 
nf each phy:si.cal .fr-agment or cornpI ete 
r el. at. i on - Fi yure 5 gives t.he dir;tri- 
br.tted view crf the: example being di.~;cL,S- 
sed . 
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Figure 4. Fragmented View. 
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Figure 5. 13i str i betted vi ew 

For locality of reference and query 
nptimization the 1 ocal logiCI Vi634 

shocrl d be based on the part.itinns of a 
database e:.: i sti ng at a particular node. 
Figure b i.llu?strates one nf the 1 ocal 
views of %he is>: amp 1 e database being 
discussed. 

EMF’LCIYEE 
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2 ..-. -...-~A--. -_._.. .‘Z.? .___.._. Fragment C 

F:‘i gure 6. Lctc: a 1 vi ew at F:’ 1 ant :::; . 

S3ctme of the malnr- design I.STW~S of 
our prnpnsed z.yr,tem are discussed in the 
ne:.: t t.hree sect i on%. Desiyn and imple- 
mentat i on dc+-tai I. s arc d i scctssed i n t h 62 
subsequent. sect i ens. 

i? 
AL . UC4TA I) 1:STRIBUTl: ON : .TME NEEI) FOR 

C!VEl?LAPFED F’Afu I T I UN 1: NG 

It is not crnctlmman to find overlap- 
ping data betwerx~ t.wo node!i a 5 i 1 1 us-- 
.trat.ed i I-, If-' .L 0 1.1 r e 7 where order-8 and 
j.nvc:)ices are ‘- t. w c3 cli-ffcrant rela-tion5 

prnceszed at two different nodes, and 
having overlapping aktr-ibutes. F i gores 
13 St 5’ i.llustrate the necessity for over- 
I apped data. A and B are twu applica- 
tions execut.ed at. two different node,s 
usi “$1 data sets a, and b respectively. 
If there is an overl. appi ng set of data 
(x1 between these t.wo applications, then 

there are two options f fx- storing the 
data. The first of them is to have three 
non overlapeinq (disjoint) fragments a* - .-.-. - -..-._. --.._ --. 
x , and b* and store Cal, :,: ) at A , and 
!x , b’! at El wit.h replication of t.he 

fragment x at tI!ott1 A and B. The second 
opt. i on i 5 to slrot-e f ragmetlt a at A, and 
b at B with over 1. app i ng >: ; t. ii i 5 i <s 
possi bl e only i f over 1 app i ng data is 
permitted in t.he design of the database. 

C:HI.EF?S ITEM I”IASTEH 

--_----- -._- -.--...--.-.- ____ -- __.._,_,___” .._______.______ 
pJntQ I t.emlt L!b I t em# Unit Price, 
I’? -/ 
1; 

L 50 2 1 0 . 00 
5 10 4 4 ” :5 0 

1 cz cl c-i L. 2C) 5 6. 75 
. . 

.__ -.-.. __ _---.--- .._. ---- - _____ _ ____.________ _ ____ __ 

INVCl%CE 

Chstomerfi: : 12 

--._._- I.__......__. - .-.-. .._. - ._._____.__.._._,___-..~--._.__._ 
-L-!iem#-nt y * Item cost Amount ------------“-. 

2 5 0 j.0 . 0 0 500 . cl!:! 

5 . 50 

__.--- .__. -“E--- .._...... Y” ._________ “7 .____,_ 
.l-ot al 567 r;Cl *.. 

F‘iqur--e 7. Example of Overlapped Data 
1Jsage at L>i f f @rent Nodes. 

a+ 

b+ 

X 

a 

b 

horizontal 1 y shaded 
only : ai a 

vertically shaded area 
only : bl b 

over-l. apped area on 1 y 
j.:zTl b 

horiznntally shaded area 
p 31 a + + ;.: 

vertical Iy shaded area 
b = tj 1. c ;.: 
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Figure 9. 

I’i gut-e 9 showa the increase in .t h e 
number 0.f: nonoverlapping .+r-agments to be 
E~tw- ed at different. nodes to a1 low .f or 

additional appl i cati ens which USES t. h e 
same data,, C:ol-despondingly the number 
c1.f physical fragments and t.ttei r mai n- 
tenance overhead .iincreasez;. If over 1. ap-- 
p i l-1 g is al%owed, we 0nl.y have to store 
t h r e is? .f r a c;, me rl t. 5 a, b a I”, cl c . I 1-1 an 
o.ffice environment, processes at di 4f e-. 
rent departments may be hand1 i ng SLrctr 

sites s*, s2 and 5~ and a warehouse 
situated at some other site So, which is 
equidistant from the other three zi tes. 
l-able 1 i ndicat.es the part ‘5 name 
and %he plants which are using/hand1 ing 
that pat-t. G ‘1’ in the t.able indicates 
that the corresponding part is used by 
,ttte col~~mn site. 

I + overlapping is not allowed then 
t.he data has to b G? partitioned into 
SeVe” “0” overlapping segments CF. to 
F’,.i as indicaked in Figure 10 and are to 
be replicated at each site at which they 
are used. Query prncessing may require 
t. l-t e handling of mc~e than nne fragment 
at a given site. Even for read Opel-a- 
t i on 5 a union of fragments has to be 
t.aken. If over I app i ng is allowed we 
nnly have to store a single overlapping 
relst,ion at each sit,e. The over 1 af:)pi ng 
arrangement. in Figure 11) gives the same 
nr even ,under certain condi ti ens, bett.cr 
per-f c)rmance Crespor-i:;e time, and rel i abi -- 
1. i t y me;iBurf?) as the non overlapping 
arrangement (F’i gw-e 10) at a reduced 
direct.nry detai 1 ; the directory has on1.y 
t.o store the details of #our relations, 
instead of seven logical fragments and 

s, 

F’ 3 I 1. C:) :I. F: 2 

!r:: ..-.._. “_ . . ..-._ -” __.__ -.A ._... - . . . ..._” __.....__..... ‘-. 

F’s 0 1 i:, 1 F .T 
IF’ &, 0 1 

. 1.! 1. 

Figure 10. 

F’9 (.) (.t I 1 FE5 
Ff’ i’ j ~ (:, 1 1 
--..--- -I -.-..--..--..._ -.-__ .._.. - .._ -_- _....__...__.____.__.. 

F’n 1 (.b 1 1 fC: b 
F” c 1 (.t 1 1 

;:y 
1 1 1 1 F7 

..-. L . .._.....-.__....” . . - .._. I.... -_- ._._. 1.._......._ ,^_ 1. ___._.. .,...__., i..___._._ 

Table 1. 
Example: Company x has three p1ant.s at 

Fi gut-e 1 1 - 
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._I. 

..:a ” DATA D1: RECT(3Ri~ F’l..ACEME:NT 

4. NAT’URE OF’ LOCAL DHMS 

The DWIS ’ r _ . ..a in use on the d i f f erent. 
micrncomputers wocrl d differ i n t.heir 
under1 yi ng data models as well as their 
d&a definition and data mani pulation 
capabi 1 ities. Ideal ly the systems would 
have been c:hcx;en to suit the underlying 
tasks but at the mi crocorftputer database 
der,i gn 
dual ‘5 

;;,vy;, ii,;5 Tl~~i;~ty~“d~;;p 

variety in the DElMS’s is unlikely %a be 
as great as in the microcomput,ers on 
which they runI tlur approach is ,t 0 
provide a simple integraticsn tool for 

these het.erogeneoi.r% DBllE< ‘5 ar’icl mi crc>- 
computer 5y5tem5 1.1 s i 17 g individually 

t a i :I. ore d “l’ranrjl at.nr 2 tnodul es iFigure 

I 
I I 

1Local. DBPIS’-’ 
1 

Local r:)RI’IS”““~ 

F’~.gure J.2. 13veral 1 System Archi t.ect.ure. 

The proposed systeni architecture 
fFi gure 13) ~onsi 5t5 of six bas3.c: cornpo-- 

ntznts a-t the distributed and local DBMS 
levels fFylgure 12) . 

User Interface 

/- 

IJ 

I:)BMS s 

Net.wnrking Net.workiny 
Systems Syst.ems 

. - - - -.._ . 4. . _.-A 

Node n Nude n+l 

Fi yctre 1 3 . 

The user int.erface provides a query 

processnr (a super-set of the 1 ncal. 
DBMS) . A query entered is checked for 
c,yntac t i CT error5 at the i.tser’s j. n t. er -I 
face. A r,ynt.actirally correct query is 
passed nn to the next r;t.age - translator 
I. . Translat.nr 1 translates the query t.o 
a common internal representation. ‘The 

Glc~bal. data manager (GDM) checks whether 
t. h e query is loca:l or if it i nvol ves 

data from other nodes. This checking is 

14 



c; .I. c3 L:J a 1. Uir-er:t:or-y: Glnbal director-y i 5 
!Asecl to 5.1: c<re det.ai 1 I regarding al 1 
views (Figure 1) , schema mapping, data 
mapping, pr0t.ect.i nn and authcw-izatinn 
codes and data overlap. Var- i 0~s data 
distribution strategies can be app 1 i ed 
in directory distribution. The stratc- 
cjie;i Jollowed in data distribution can 
a 1. 50 be applied .to the distr-i.bc!tion of 
the directori/. 1:jat.a di stri but i on wi 11 
p 1. ay a major role in the direr:tcwy dis- 
tributlon st.rategies. The qcrerry 
proc:essor- i nterac:%s w i t t1 the g 1 at3a:t 
di,rectr~ry to choose the best p 1 an f or 
querry eval.r.t*tion. 

L.r,ral. L)BMS : fin e:x i st. i ng central i zed 
DBMS on the comput.er- system. 

user InterSace 

TranE;l at-or 1 

Synta,: Checking 

‘TransLatic3n nf user 
querry to a common 
internal r-epresen- 
tation 

Gl abal. Data 
Managet- 

Uuerry i3pt.i mi 2at.i nn 
Schema Mapping , 
I1at.a Definition, 
Data Mapping, 
Data Security, etc. 
Concurrency control 
and Recovery 

Transl. ator- 2 Buerry t,ranslation 
into i nter-nal 1 ocal 
DBMS representati. on 

Local DBMS nctua1 Dat.a 
Planipul.ation 

Figure 14. Functional Specri f i cati on5 
of System. 

The fol.lowing section present.5 
three di,fferent distributed database 
prc.tbl.ems and the approach to be f 01 lowed 
in c)ur design. 

(i) Security and Protection: Once the 
databases a-e integrated t.hey are 
accessible at. the different nodes. 
If proper protection and secur i. t y 
mechani. sms. are not implemented it 
will make the sy stem vulnerable to 
unauthorized accesjses; the protcc- 
tion and security available at the 
1 ocal. database may not. be suf f i -- 
cient. So another level of security 
is bui 1 t. int.a the system at the 
gl.obal directory 1 eve1 . Checl::ing 
of the authorization is made twice 

15 



(ii) 

at the global level.; Cl”CE! before 
the access using the user ’ 5% view 
and another after ‘the access using 
the field ----- dependent .-- k... ---- - QJc3t.ect.i c-q 

s!etaLLa~ Somet i me5 data objects 
(tuple) are protected depending on 

the values taken by some attributes 
i. n t.he same data object. (tuple) nr 
in some other related data objects, 
Thi 3 approach provi derj a unif c3rm 
protect i Grl SCheflE? at t h e yl obal 
1 eve1 irre5pect.ive of t. h e 1 ocal 
database managemeri~t sys,lrem cap&i - 
lities. 

Most query processing algcx-i,thms do 
no,k discuss the prncessing of fray- 
ments c4 14 152 others 
include fr~gmkts’restrict them 

that 
to 

disjnint fragments t:143. Clur query 
processi ng system is being designed 
t 0 exploit overlapping fragments. 
As it. has been repeatedly pc3i nted 
out i 17 the 1 iter-ature most of I:he 
fragment. proces5j.ng algorithm5 are 
inef.ficierit and face pr-obl ems i n 
opt i ma1 site identification when 
mu1 tiple copies of data exist. nut- 
approach would be to exploit att.ri- 
bute and domain details in global 
directories. Ar; the system is being 
designed for microcomputer u5e 
effeciency is a major design goal. 
‘The overlapping arrangement, r,f data 
can be handled .just 1. i ke Sragment.od 
data wi t.hout: overl.apping. EkKause 
of this reason a query c cm c er n i. n g 
overlapping data can be answered 
jus-!I I.ik:e a fragmented data query. 
A new appr-nach i 5 bei rig c:on5i der-ed 
i. n prcKe55ing quer- i es invo1v1ng 
repl icat.ed d at a . I f two or more 
nodes have the same data the query 
is al ways ariswer-ed by the best 
node. The query pracessi ng i 5 
generally done in two steps. First 
ttie originat..or r’iode , say k, sends 
t i-1 I? q I.., e r y % 0 a node 1: which has 
the global c:li.rwct.or-y nf interest to 
the q uer y . Node .I ther1 di vi deS the 
query i nt 0 ranged Fiubqueri. FF; ba?zd 
on -t h e i n-f ormat i con about tht33e 
nodes which have the relevant data. 
‘The~c? subquer i e!s arc transmi ‘Yked to 
these specific nodes which send 
thei Y- responses to the origina-tor 
ncllde k. 

(i ii ) Concurrency Control : Mi cr-ocompu- 
,ters are L.lEx.lal 1 y single user 
syst.ems so concurrency of transac- 
t.ionr; from t.he same node does not 
arise. However concurrentl tr-ansac- 
t i nn c, f r n m t.. w n or more nodes may 
I-. r y to access the same data. Such 
transactions arc queued 1.I p and 
wsrialized. A’-3 far asa .the read 
accc55 i s concerned the DBMS c: an 
process any number of such requests 
concc\rrentIy. However’ for- updates, 

synchronization with other nodes is 
necessary. ‘This synchronization is 
hand1 ed bY the globaI DBMS using 
global locking techniques. If a 
node is down the update messages 
are spool. ed and processed 1 ater . 
Deadlock is handled by a t i me-out 
scheme. The proposed system is also 
conducive to time-stamp t.erhnique. 
An algorithm [:12,13:1 using si mu- 
lated perfect clocks can be used. 

6. IMPLEMENTATION. 

T h e present i mp 1 ement at i on is 
underway on IBM PC/XT syst.ems. Access 
to relational and net.work local database 
management systems is provided by the 
KNOWLEDGEMAN c 5 :I and MDBS III C67 
systems respectively. For the moment the 
interface from translator 2 to these 
systems is provided for by files. Later 
it. is planned to rep1 icate t.he system on 
t. 0 two CADtl\JS microcomputer-s t-unni ng 
under UN]: X and networked t.\sing ETHERNET. 
The modular design of our HD-DBMS not 
onI y al 1 ows integration of heteroyeneous 
3. ocal DBMS ‘5 but al. so for different: 
comput.er 5 running under different, 
oper-at j. ng systems. 

A tool for aut.omati.c yJ.obal schema 
building from underlying local database 
sc hemas is aIrjo under construction. The 
design i nc: 1 udes an i ncr-emental schema 
i niregrator. 

‘7 . CONCI-US T ONS. 

As part of the development of a 1’1 
OffIce :[nf ormat.ion System a need Was 

f e 1. t. to i nt.egrat.e available micro- 
comptrters and their databases. In this 
papar we have presented our underlying 
approach. Certain problems, .for- examp1.e 
query opt.imizatinn for non-disjoint 
fragmented and replicate data have not 
yet been fully solved. 
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